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1. Background assignment

The Yellow Sea (YS) is the semi-enclosed body of water bounded by the Chinese mainland to the west, the Republic of Korea (ROK) to the east, and a line running from the north bank of the mouth of the Yangtze River (Chang Jiang) to the south side of Jeju Island.  It covers an area of about 400,000 km2 and measures about 1,000 km (length) by 700 km (maximum width).  The floor of the YS is a geologically unique, post-glacially submerged, shallow portion of the continental shelf.  The seafloor has an average depth of 44 m, a maximum depth of about 100 m, and slopes gently from the Chinese continent and more rapidly from the ROK peninsula to a north-south trending seafloor valley, with its axis close to the ROK peninsula.  This axis represents the path of the meandering Yellow River (Huang He) when it flowed across the exposed shelf during lowered sea levels and emptied sediments into the Okinawa Trough.  The YS annually receives more than 1.6 billion tons of sediments, mostly from the Yellow River (Huang He) and Yangtze River, which have formed large deltas.

The YS is connected to the East China Sea in the south, forming a linked circulation system.  Major rivers discharging directly into the YS include the Han, Yangtze, Datung, Yalu, Guang, and Sheyang.  The Liao He, Hai He, and Yellow River around the Bo Hai have important effects on salinity in the western YS, whereas the Yangtze River exerts strong influence on the hydrography of the southernmost part of the YS.  Recent reductions in Yellow River flow have led to changes in hydrography and water circulation, thereby leading to ecosystem changes.  All rivers have peak runoff in summer and minimum discharge in winter.

The area of the YS occupies about 1.16% of the total coastal area of world, but  supports more than 10% of total world mariculture production; 5.0% for finfish, 6.5% for crustacean, 37.0% for shellfish and 8.3% for seaweed for the 5 years between 2000 and 2004 (FAO).  The extensive tidal flat and continental shelf areas provide natural shellfish habitat as well as areas for the mariculture industry.  More than one third of total shellfish production comes from the YSLME coast.
The coast of the YS region has been highly populated and industrialized since the last century and is a centre for fisheries and now the mariculture industry in the PRC and ROK, and is therefore important as a centre for water resources exploitation.  Accordingly, the mariculture industry should be conducted under the very strict control of an integrated coastal zone management (ICZM) plan, and with the close co-operation of the YSLME project (Sherman, 1986; Duda and Sherman, 2002). 

2. Methods used to carry out assignment: Collection of mariculture data 

Two representative institutions from each country, the Yellow Sea Fishery Research Institute, and the Chinese Academy of Fishery Sciences, China (YSFRI) together with the West Sea Fisheries Research Institute and the National Fisheries Research Institute, Korea (NFRDI), were formally visited. One responsible official from each country was interviewed; Dr. Fang J of YSFRI and Dr. Jang IK of NFRDI.  They were responsible for providing their country’s data for this report. The data formats were set at the 2nd meeting of the Regional Working Group for the Fisheries Components (RWG) in Busan, Korea, 17th to 20th November 2005. The basic 10-year fisheries statistics of both countries were presented at the 3rd meeting of the RWG in Rongcheng, China, 25th to 28th October 2006.  All data presented as tables and figures in this report are based on the data from the UNDP/GEF YSLME Fisheries Data and Information reports.

Dr. Jang IK reported that data and information on aquaculture production is easy to access on websites or from the Ministry of Maritime Affairs and Fisheries, Korea (MOMAF).  Reliable data or information on licenses (number of farms) and marine farm areas, however, are not so easy to access, either from websites or from relevant institutions.  Although some information on licenses and aquaculture farm areas is shown on websites of MOMAF or Bureau of Statistics, that information concerns the total statistical figures for the whole country, and is not classified by province.

3. Issues affecting the sustainability of the Mariculture industry of the YS

3.1. Review of mariculture statistics for the YS LME region
An overview of total farmed production and production per unit area in the YS region for last 10 years is shown in Figure 1.  Aquaculture production is still increasing in the YS region; however, the production per unit area has been decreasing since 1997.  The same trend for grouped species of shellfish and seaweeds is shown in Figure 2 and Figure 3 respectively.  The formerly increasing trend of finfish production has stagnated, and the production per unit area has been decreasing since 2002, as shown in Figure 4.  The production and production per unit area of crustacean aquaculture have both increased, as shown in Figure 5.


[image: image4.wmf]1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

YS total production (x10

6

mt)

0

1

2

3

4

5

6

7

Productrion/area (mt/ha)

0

2

4

6

8

10

YS west (China)

YS east (Korea)

Production/area



[image: image5.wmf]1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

Mariculture production/area (mt/ha) 

0

1

2

3

4

5

6

7

8

9

East

West

YS total


Figure 1. Overview of total farmed production and per unit area production in the YS region for last 10 years (mt = metric tonnes).
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Figure 2. Overview of total farmed shellfsh production and per unit area production in the YS region for last 10 years.


[image: image8.wmf]1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

Seaweed production (x10

3

 mt)

0

500

1000

Productrion/area (mt/ha)

0

5

10

15

20

25

YS west (China)

YS east (Korea)

Production/area



[image: image9.wmf]1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

Seaweed production/area (mt/ha) 

0

5

10

15

20

25

30

35

East

West

YS total


Figure 3.  Overview of total farmed seaweed production and per unit area production in the YS region for last 10 years.
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Figure 4. Overview of total farmed finfish production and per unit area production in the YS region for last 10 years.
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Figure 5. Overview of total farmed crustacean production and per unit area production in the YS region for last 10 years.

3.1.1. Finfish

The total production of marine and freshwater aquaculture combined constituted 30% of total fishery production in 1980.  Mariculture production in the western YS region of China was 150,992 mt and 47.6% of the total fishery production in 2004.  The most common species of finfish under cultivation are flounder (Paralichthys olivaceus), sea bass (Lateolabrax latus) and puffers (Figure 6).  The amount of production in the eastern YS of ROK was 8,049 mt in 2004.  Sebastes schlegeli, Paralichthys olivaceus and Muguil spp. are also common cultivar finfish species in this region.
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Figure 6.  Changes in the production of major farmed finfish species in the western YS (on the Chinese eastern coast) from 1995 to 2004.

3.1.2. Crustacean

Shrimp farming developed very slowly prior to the mid 1970’s due to little support and low profits.  In the late 1970’s the State Fisheries Administration (formerly the Ministry of Fisheries) organized a joint research project on shrimp fry rearing to better promote shrimp culture in China.  In the early 1980’s optimal conditions for temperature, water quality management and hatchery feed supply were intensively studied, and techniques for the industrial production of shrimp were developed.

Pond culture is the principal form of shrimp mariculture.  The growout ponds are generally constructed by building embankments in the intertidal zone.  In the case of raising shrimp larvae for shrimp culture, quality management and adequate food supply are the important factors.  The total annual production of cultured shrimp in China has jumped from 450 mt in 1978 to 535,230 mt in 2004.

The most common species of shrimp under cultivation  in the four YS coastal Provinces of China, Liaoning, Shandong, Hebei and Jiangsu are Fenneropenaeus chinensis and Penaeus japonicus yielding a total of 92,079 mt in 2004 (Figure 7).  Fenneropenaeus chinensis is also a popular cultivar species in the Korean eastern YS.
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Figure 7. Changes in the production of major farmed crustacean species in the western YS (on the Chinese eastern coast) from 1995 to 2004.

3.1.3. Shellfish

Shellfish (molluscs) have been successfully domesticated through aquaculture.  Bivalve shellfish such as mussels, clams and oysters are the predominant type of shellfish aquacultureworldwide.  There are six main species of bivalve shellfish cultured commercially in the western YS: Crassostrea gigas, Rapana venosa, Cyclina sinensis, Scapharca subcrenata, Solen spp. and Mytilus coruscus (Figure 8).  Shellfish (molluscs) are the major marine species group farmed in the YS, accounting for approximately 36.42% of total world shellfish mariculture production.  Shellfish production has been very stable (accounting for about 46% of the nation’s yield) since 1996.  The first mollusc to be cultured in China was the mussel, Mytilus galloprovincialis.  Note that in 1986, when production yielded 210,057 mt, mussels overtook Laminaria as the no. 1 mariculture organism.

Recently two scallops have been cultured, namely, the local scallop, Chlamys farreri, and the introduced bay scallop, Argopecten irradians.  The total production in 2004 was 910,352 mt, 548,295 mt coming from Shandong Province.

Molluscs are important seafood for coastal people but mariculture has traditionally depended on the collection of natural spats, and progress has been very slow.  During the past 20 years some spats have been successfully bred by hatchery feeding, and large scale production is now possible.  In the eastern YS on the Korean western coast, Ruditapes philippinarum and Crassostrea gigas are the major species cultivated. 
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Figure 8. Changes in the production of major farmed shellfish species in the western YS (on the Chinese east coast) from 1995 to 2004.

3.1.4. Marine plants (seaweeds)

Culture of marine organisms in China began with seaweeds rather than shrimp and fish, due to the fact that seaweeds are autotrophic, with relatively simple life histories, whereas shrimp and fish are heterotrophic, with complicated life histories.

Scientific aquaculture in China started with the kelp Laminaria japonica in 1952. At first, natural sporelings of kelp were used, and growth of the young sporelings took place on sub-littoral rocks.  After several years of research, palm ropes twisted onto other larger ropes in the form of rafts were used for collecting spores.  For many years, China has been the greatest producer of Japanese kelp in the world, producing as much as 801,128 mt dry kelp per annum.  Liaoning and especially Shandong province, where production amounts to more than 30% of the total, are the main production areas for kelp.  From 1993 to 2004 wet kelp production in both provinces was stable at 400,000 mt every year.

Following the development of kelp production, purple laver cultivation has been successful in China.  China had previously produced some Porphyra sp. by traditional methods of rock cleaning for the past few hundred years.  Large-scale cultivation of the species was inaugurated in 1952 by improving the traditional Japanese pillar method of cultivation.  The main purple laver production area is the YS coastal Province of Jiangsu, supplying more than 80% of the total production in China, amounting to about 10,000 mt per year.

Besides Laminaria and Porphyra, several other seaweeds have been subject to cultivation, such as Undaria pinnatifida and Sargassum (= Hizikia) fusiformis among the brown algae, and Gloiopeltis furcata, Gracilaria spp., Eucheuma gelatinae and Gelidium amansii among the red algae (Figure 9).  Now there are more than twenty species and groups of seaweeds under culture.  Experiments prove that culturing by thalli farming can be successful in the coastal of Qingdao, Shandong Province.  Although most Gracilaria are produced in the South of China, it has in recent years been transplanted to the north under polyculture policy.
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Figure 9. Changes in the production of major farmed seaweed species in the western YS (on the Chinese eastern coast) from 1995 to 2004.

Seaweeds have a long history of aquaculture and have traditionally been important aquatic products in Korea.  Seaweed production on the YS coast reached 145,900 mt in 2004 and accounted for 70.1% of the total mariculture production on the Korean western coast.  The two species, laver Porphyra sp. and sea mustard Undaria sp. yielded 92.5% of the total seaweed production (Figure 9).  Other minor cultured species are kelp Laminaria sp., Sargassum (= Hizikia) fusiformis, and green algae Ulva (= Enteromopha) sp.  Changes in the licensed area for aquaculture species are shown in Figure 10.
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Figure 10.  Changes in the area of marine aquaculture area in the eastern YS (on the Korean western coast) for last 10 years.

3.2. Mariculture trends in the YS
3.2.1. The western YS (on the Chinese eastern coast)
Aquaculture production accounted for 38% of total world fisheries production in 2004, according to the Food and Agriculture Organization (FAO) of the United Nations.  Most of the expansion has been attributable to China, which is now responsible for more than two-thirds of total world aquaculture production (32 million mt in 2004).  The YS fishery area is the most important fishery production area in China, providing about 46% of the total mariculture production.

China is the world’s leading aquaculture nation in number of species reared and volume produced.  Traditionally, fresh water culture has dominated but in recent years marine aquaculture has increased dramatically.  This is partly due to the overexploitation of the natural fish stock in Chinese waters, which has forced many fishermen to change their profession to fish or shellfish farmers, especially in the YS region.

In China, as in other countries, fish farming is on the increase, and intensive mariculture has been developed.  China has experienced environmental and health problems, and the finfish aquaculture industry is now faced with environmental issues such as accumulation or bio-deposition of fish feed and faeces, and outbreaks of diseases, which can result in pollution, high mortality and low growth rates.  In general this deterioration of the environment has a negative effect on both the health and growth of mariculture organisms and on the natural habitat in the coastal zone.

The production of bivalves is China’s biggest mariculture industry, centred mainly in the YS region, specifically in Shandong and Liaoning Provinces (Figures 11 & 12).  As with other intensive mariculture regions worldwide, the rapid development of scallop and other mariculture industries in the last decade has overcrowded almost every potential culture site in the shallow seas of China.  As a consequence, low growth rate, high mortality and increased cost are challenging the sustainable development of the mariculture industry in China.  The goal is to find an effective or optimal culture model that will not only yield high quality aquatic products, but also provide ecological and socio-economic benefits as well.  Ranking all the main culture species, the ‘seaweed + bivalve + fish’ IMTA (= polyculture) model is deemed to be the best practice for future shallow sea area mariculture. (Neori et al., 2004).
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Figure 11. Production of marine farmed organisms in the western YS (the Chinese eastern coastal provinces) in 2004.
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Figure 12. Area of marine farmed organisms of the western YS (the Chinese eastern coastal provinces) in 2004.

3.2.2. The eastern YS (on the Korean western coast)

The Korean western coast has been a major aquaculture production area for shellfish and seaweeds, much like the Chinese eastern coast (Figure 13).  The extensive tidal flat area of the YS contains valuable sites for several clam species; Manila clams (Japanese carpet shell, Littleneck clam, shortneck clam), and Ruditapes philippinarum, are distributed mainly in this region.  Production of this clam has shown a steadily reducing trend, from 30,000 mt (2000) to 12,700 mt (2004).  Almost all seedlings for aquaculture have been caught from wild habitat in the YS region.  Recently, because of the reduction in wild seedling resources in the natural habitat of ROK, demands for the import of foreign juveniles from China and North Korea have increased.  In addition to natural seedling catches, artificial hatchery-based spat producing techniques have been developed by the Shellfish Research Centre of NFRDI, but the problem of developing mass production techniques in the field still remains to be solved.  Current mariculture activities in the YS of Korea, their impacts on environment and current level, are shown in Table 1.

Table 1. Current mariculture activities in the Yellow Sea of Korea  
	Group of species
	Culture methods
	Impacts on environment
	Current culture activities

	Seaweeds
	Bottom culture
	Low
	Low

	
	Suspended culture (long-line, raft, net)
	Low
	High

	Shellfish
	Hanging or rack culture
	Low or medium
	High

	
	Bottom culture
	Low or medium
	High

	
	Land-based tank culture
	Low
	Low

	
	Sea ranching
	Low
	Low

	Finfish
	Cage culture
	High
	High

	
	Pond and tank culture
	High
	High

	
	Recirculation systems
	Low
	Low

	
	Offshore culture
	Low
	Initial phase

	
	Sea ranching
	Low
	Initial phase

	Shrimp
	Pond culture
	High
	High

	
	Raceway culture using heterotrophic method
	Low
	Initial phase
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Figure 13.  Changes of the aquaculture area of marine farmed species in the eastern YS (Korean western coastal provinces) during 1995 and 2004.
Suitable culture ground has been dramatically decreased by land reclamation activity in Korea such as the recently initiated Saemangum Project, the largest one of its kind.  Other smaller land reclamation projects have been proposed by local municipal governments.  This was the major cause of the decrease in shellfish production in 1990s (Figure 13).

Shrimp farming began in the 1960s in Korea and was developed in the 1980s.  Farmed shrimp production has been rapidly increasing since the 1990s, reaching 3,256 mt in 2001.  Shrimp farms number about 450 and total farmed area is about 2,600 ha.  More than 90% of shrimp farms are located in the YS region, the rest being situated along the southern coast.  Two species, Fenneropenaeus chinensis (Chinese fleshy prawn) and Marsupenaeus japonicus (Japanese Kuruma shrimp), were cultured prior to the mid 1990s, but M. japonicus  production stopped after the outbreak of white spot syndrome virus (WSSV) in 1993.

Finfish aquaculture is continuously increasing, at the same rate as in other regions of Korea.  Although some salt pens were changed to finfish culture ponds, there have been several problems, such as over-wintering in low temperature.  The eastern YS area might not suitable for marine finfish culture, given the low temperature during the winter season; however, specific local species like the gizzard shad have been recently domesticated and could prove to be a promising cultivar.  Seaweed production has steadily increased after its recovery from the late 1990s economic recession, and its contribution is stable at about 27% of total production.

3.3. Current aquaculture methods for marine farmed organisms 

Mariculture is the cultivation, management and harvesting of marine organisms in their natural habitat, or in specially constructed rearing units, for example, ponds, cages, pens, enclosures or tanks.  For the purpose of FAO statistics, mariculture refers to cultivation of the end product in seawater, even though earlier stages in the life cycle of the concerned aquatic organisms may be cultured in brackish water or freshwater.  The following are definitions of each culture system.

Table 2. Culture systems and definitions
	CULTURE SYSTEM
	DESCRIPTION

	Bag
	Off-bottom shellfish culture (e.g. oysters) in which growing takes place in mesh bags held on intertidal trestles.

	Bed
	Bottom culture of molluscs on intertidal or deep-water beds.

	Bottom
	Type of extensive culture of mussels, oysters, scallops and clams in which growing occurs on the seabed. After an appropriate period of growth period, the shellfish are harvested by dredging. The method also used for the culture of seaweeds.

	Cage
	Culture of stocks in cages.

	Enclosure
	Rearing of fish in enclosures.

	Floating net
	Seaweed culture method in which synthetic ropes are supported on the surface of the sea by buoys and held by anchors; a series of nets with small buoys are stretched between the ropes. It makes it possible to utilize even offshore waters of about 20 m depth with strong wave action.

	Floating
	Conchyliculture system in which growing molluscs are held in various types of containers suspended from floating devices such as rafts or long lines.

	Long line
	Form of open-water suspended culture in which cultured species are grown on ropes or diverse containers (e.g. baskets, stacked trays, lantern nets) suspended from anchored and buoyed surface or subsurface ropes (long lines). Used for the culture of bivalve molluscs, e.g., mussels, oysters, scallops, and marine macro-algae.

	Net
	Seaweed culture method in which rectangular synthetic nets are suspended from bamboo poles driven into the bottom of the shallow sea so that the flat surface is parallel to the water surface.

	Pen
	The rearing of fish in pens.

	Pond
	Common term used to describe the cultivation of organisms in land-based ponds. Various pond designs, such as spawning ponds, wintering ponds, fry ponds and growing ponds, are used in different stages of an organism’s development.

	Raft
	Form of suspended culture in which the growing structures (ropes, etc.) are suspended from a raft. Utilizes moored, floating rafts mostly for coastal shellfish culture; holes are punched in old shells and the shells are placed on strings, which are attached to the raft structure; after settling of spat on the shells, the rafts can be anchored in good growing areas.

	Raft-rack
	An Asian suspended culture technique in which a simple raft made of bamboo is allowed to float within the confines of bamboo posts during the first two to three months of mussel or oyster culture; when the weight of the cultured molluscs become too heavy, the raft is tied to posts at fixed positions in the water; additional posts can then be added to further support the heavy raft transformed into a rack.

	Stake
	An off-bottom culture method of mussels or oysters where bamboo, wooden or cement stakes or sticks are driven into the bottom to catch spat. Grow-out can be in the spat-catching area itself or more often, in separate grow-out areas. Particularly useful in intertidal areas with soft mud bottom.

	Stake-and-line
	Aquaculture technique widely used in Asia for seaweed culture in which simple wood or bamboo stakes are knocked into muddy/sandy tidal areas to support a crossed network of nylon line set at intervals, 30-50 cm above the seabed; stems of seaweed are tied directly onto the line.

	String
	Type of suspended mollusc culture in which the cultured species are grown on hanging ropes (nylon or tubular netting), such as the French "corde marseillaise" (Marseilles rope).

	Suspended
	Culture method whereby cultured species (molluscs or seaweeds) are grown on hanging ropes, or other structures, suspended from fixed or floating installations (buoys, frames, floating platforms, long lines).

	Tray
	An off-bottom culture practice used for shellfish in coastal waters. Shellfish are placed in baskets or trays made of a mesh material such as fishing net, chicken wire, or plastic. These baskets/ trays are suspended from fixed racks or beneath rafts.


Species cultured by suspending methods in shallow waters are:- macroalgae (kelp, Undaria spp,) and shellfish (Bay scallop Argopecten irradians, Japanese scallop Patinopecten yessoensis, Native scallop Chlamys farreri, Pacific oyster Crassostrea gigas, mussel and abalone).

Shellfish such as native scallop, Japanese scallop, clam, and oyster are grown by long-line culture methods in Shandong Province.  Manila clam, razor clam, oyster, bloody clams, and cockles are cultivated in mud flats or intertidal zone.  Shrimps, crabs, fishes, shellfish and sea cucumber, among others, are mainly cultivated in the pond system.  Finfish such as flounder and turbot and shrimps and abalone are commonly cultivated by land based tank culture methods.  In ROK, tank-, pond-, and cage-culture systems are popular for finfish aquaculture; pond culture for crustaceans; hanging and bottom culture methods for shellfish; and floating net and long-line culture methods for seaweeds.  Floating-net seaweed culture for Porphyra occupies more than 80% of the licensed culture area, followed by pond culture for fish and shrimp.

3.4. Ecological and environmental problems

· Large-scale construction on the coast has changed the formation of coastlines, and has also resulted in the loss of ecological structural components, as well as the recession of environmental functions.
· Changes to ecological structural components can impose long-term negative impacts on the bay (YS).
· Maladjustment of ecological functions can result in low efficiency resource utilization, and might also incur disastrous environmental problems.
· Overexploitation of the tidal zone for mariculture destroys the habitat of indigenous organisms, reduces biodiversity, and might result in the extinction of some species in the long run.
· Mismanagement, coupled with technological limitations, could likely result in unbalanced development of these areas.
· The role of eutrophication
· Poor water quality
The feed conversion rate (FCR) for fish and shrimp is relatively low.  Results show that about 33~66% of feed is dissolved in the waters without being utilized.  This will a significantly impact on the coastal environment.  Improved formulation of artificial feed is one way to improve the feed conversion rate.

Intensive aquaculture is a main source of pollutants, and a recirculation system is a means of coping with this problem.  Open-sea offshore culture, that is, moving fish from inshore habitats to open waters, could help to forestall such self-pollution.  

Intensive mariculture can damage the ecosystem.  Large-scale and intensive cultivation of seaweeds and bivalves in some bays could also pose environmental problems if not properly controlled to within the carrying capacity; for example, long-line culture of seaweeds and bivalves can exacerbate water confinement, reduced current velocity, and increased organic sedimentation, and can also accelerate the deterioration of environment in mariculture regions.

3.5. Emerging trends and experience

With continued pro-active government policies, adequate advance planning, scientifically designed production technologies, sound management and the increasingly important world demand for aquaculture products, aquaculture in China can and is likely to be productively stable, sustainable and competitive, both domestically and internationally.

There are valuable lessons that can be learned from the Chinese experience, including the following:

· Aquaculture can be developed in a sustainable manner to generate food and jobs, and improve income and livelihoods of rural and urban populations, thus alleviating hunger and poverty.

· The engine for an economically resilient and sustainable aquaculture is the government’s will and determination to establish sound policies, especially issue specific policies. The market demand for product is also a driving force.

· Full employment of productive factors, including human resources, continuous improvements in legal and regulatory frameworks for the development of the sector, and scientific breakthroughs in production technologies will strengthen aquaculture and ensure its sustainability, thereby making aquaculture a valuable contributor to the country’s overall economic growth.
3.6. Economics of aquaculture industry

From an economic perspective the expansion of aquaculture has been strong. During the period 1985-1995 the value of production almost tripled and has been continuously increasing since then.  As an important part of the world aquaculture business, the economy of the fisheries industry in the YSLME has been considered in view of its socio-economic impact.  According to the very limited information available on the value and quantity of total aquaculture production during last two decades, the price per unit weight of shellfish, seaweed and crustacean in China mariculture has decreased. Total shellfish production by value, which is very important to the economics of the western YSLME region, has been decreasing since 2002 (Figure 14).  Production in Korea has fluctuated, and though recent figures for seaweeds and crustaceans have been stable, generally those for shellfish, seaweeds and crustaceans  show decreasing trends through the 1990s (Figure 15).   
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Figure 14. The changes of prices of cultured products with the total aquaculture production by quantity and value in China. 
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Figure 15. The changes of prices of cultured products with the total aquaculture production by quantity and value in Korea. 

3.7. Pollution

The quality of inshore water in shellfish aquaculture bays on the coastline of the YS is continuing to deteriorate.  Accumulation of organic waste beneath finfish and shellfish farm cages is a common consequence of farming operations.  The scale of these accumulations, as well as the scale of the effects on sediment structure and benthic communities, depends on farm size and local hydrographic conditions (e.g. water exchange and current exposure).  Stratified, semi-enclosed water bodies with poor water exchange are most at risk from the adverse effects of mariculture inputs.  Measures have subsequently been introduced to minimize the impacts of farming in the area.

In some areas with poor flushing characteristics, the deposition of organic detritus beneath suspended mussels has resulted in benthic enrichment.  Mussel long-lines in particular, have caused significant benthic enrichment in sections of the bay subject to poor water exchange.  The impacts include increased organic content of sediments, decreased faunal diversity, and the prominence of opportunistic polychaetes.  Deposits of pseudo-faeces beneath long-lines are also prevalent. It is likely that there will be continued expansion of mussel farming.

High-intensity shellfish cultivation in the YSLME has the potential to alter the nutrient flow within embayments.  Clearly the potential impact of bivalve culture in poorly flushed embayments subject to high stocking densities needs to be carefully assessed prior to developing new installations.

Pollution of the marine environment from inputs of organic fish faeces and nutrients from surplus fish feed, as well as from chemicals such as antibiotics, other chemotherapeutants and pesticides used in fish farming, result in localized impacts on the seabed, and water quality deterioration.  Fish farming operations can be adversely affected by pollution from other sources such as sewage from urban areas, animal slurry and other agricultural run-off, oil and chemical spills, radioactive discharges from nuclear reprocessing plants, and so forth.  Even seaweed raft culture, one of the extractive aquacultures, causes organic enrichment due to discarding of leftover holdfast and blade fragments.

3.8. Disease, parasites and bio security of aquaculture products 

The occurrence and spread of infectious diseases in farmed fish is due to the high-density condition in which the fish are held.  The agents (bacteria, viruses and parasites) are ubiquitous in the environment and are capable of creating serious diseases in both farmed and wild fish.  Disease transmission between farmed fish and wild fish is most likely to occur at farm sites or as a result of the escape of farmed fish. 

Intensive fish farming involves raising finfish in densely packed unnatural conditions that provide favourable circumstances for the growth and spread of diseases and parasites.  This makes fighting disease and parasitic infections a constant battle.  The sea cages are open circulation systems that allow pathogens and parasites to transfer to wild populations, and vice versa, by various vectors (direct contact, intermediary host or waterborne contamination).   Hence finfish farmers are heavily reliant on the use of antibiotics,  including many of those used to treat human infections, and other drugs and pesticides (chemotherapeutants) to control disease.  Many such chemicals are toxic, persistent and bio-accumulate.  Traces of these substances can be passed on to consumers and contribute to the dangerous increase of antibiotic-resistant diseases worldwide.

Regarding disease control in aquaculture, authorities state that efforts should focus first on prevention (good management practices, vaccines, etc.) rather than cure, but the use of veterinary medicines is necessary in certain circumstances.  Norway has been able to eliminate 95% of its antibiotic use by going to vaccines.  Transfer to offshore locations provides water conditions and a strong current flow that is more healthy.

It is important to encourage partnership between farmers and also to develop good management practices, including preventive measures aimed at avoiding the introduction of new pathogens and the spread of diseases to farmed and wild stock.

4. Guidelines for a joint-regional research program on sustainable Mariculture

4.1. Checklist of major issues affecting the sustainability of the YS mariculture industry

a. Large-scale construction on the coast/ changed formation of coastline – resulting in the loss of ecological structural components, and the recession of environmental functions.

b. Changes to ecological structural components imposing long-term negative impacts on the bay.

c. Maladjustment of ecological functions resulting in low efficiency resource utilization, could also incur disastrous environmental problems.

d. Overexploitation of the tidal zone for mariculture has destroyed the habitat of indigenous organisms, reduced biodiversity, and might result in the extinction of some species in the long run.

e. Management coupled with technological limitations could likely result in unbalanced development of these areas.

f. Low feed conversion rate (FCRs) can result in self-pollution

g. Intensive mariculture in inshore locations can damage the surrounding environment

h. The quality of inshore water is continuing to deteriorate in shellfish aquaculture bays on the coastline of the YS.

i. The occurrence and spread of infectious diseases in farmed fish is due to the high-density conditions in which those fish are kept. 
4.2. Problem-solving ideas

The aquaculture industry in the YS and all other regions is faced with more problems today than ever before. Issues like diseases, low productivity and environmental pollution are acknowledged impediments to the sustainable development of aquaculture.  Environmental protection and remediation is the most effective way to resolve this problem.

Long-term monitoring and emergency monitoring are equally helpful in determining the impact of aquaculture and other forms of pollution/enrichment of the environment, and forms the basis for decision-making.  Policymaking and enforcement are also important in keeping the industry on the right track.  The blind development of aquaculture is sometimes the result of a shortage of guidelines.  China has been putting more effort into aquaculture legislation, such as the drafting of Standards for Harvesting Area Classification, and has highlighted the introduction of EU or US management regimes.  Through the persistent hard work of researchers and lawmakers, it is predictable that aquaculture management in China will achieve a higher standard in the future.  Technological improvement is vital to pollution control for aquaculture.  Studies on carrying capacity, environment remediation and polyculture techniques have all contributed to enhancing productivity as well as protecting the environment.  Other factors that support a sustainable aquaculture include; the establishment of easily accessible information system and public awareness of the importance of harmonized development of economy, social culture and the environment.

4.3. Joint-regional research programs

4.3.1. Implementation plan 

4.3.1.1 Non-enclosed systems (implemented in China)

Integrated multi-trophic culture (IMTA, polyculture) of shellfish and finfish with seaweeds 

EBM (Ecosystem based aquaculture management) could be advanced by: (1) orienting more scientific activity to providing the solutions needed for ecosystem restoration; (2) building bridges that cross scientific and management barriers to more effectively integrate science and management; (3) directing more attention to understanding and predicting achievable restoration outcomes that take into consideration possible state changes and ecosystem resilience; (4) improving the capacity of science to characterize and effectively communicate uncertainty; and (5) fully integrating modeling,
4.3.1.2 Enclosed systems (implemented in Korea)

No water exchange systems for shrimp culture 

Outdoor ponds: Heterotrophic methods with no water exchange/or

Indoor raceway system: Intensive culture using heterotrophic methods

4.3.2. Training courses 

Two implementation projects were proposed at the 3rd Regional Working Group for Fisheries meeting: One was an open and extensive system in China and the other was an enclosed and intensive system that could be implemented in Korea.

4.3.2.1 Regional training in Mariculture

Regional training in Mariculture

Objective: To train regional scientists in aquaculture techniques suitable to YS region

Type of workshop: Seminar and lecture and field trip 

Participant group: Scientist from related institutes of both countries (10-20 people)

Time frame: 10 days in Sep-Oct, 2007

4.3.2.1.1 Open and extensive systems (implemented in Sungo Bay, China)

According to Ecosystem Based Aquaculture Management, integrated culture (polyculture or Integrated Multi-trophic Aquaculture, abbreviated as IMTA) of shellfish and finfish with seaweeds should be proposed.  

Sungo Bay (China) has a mean depth of 10 m, a total area of 140 km2 and is occupied by several types of aquaculture, whilst opening to the ocean.  Sungo Bay is used for extensive polyculture, where bivalve shellfish and kelp are the most important cultivated species.  Data collected over 13 years (1983–2000) are available for modeling.  Carrying capacity models have considered the biogeochemical processes that influence growth of cultivated species in great detail.  The model was applied to assess the effect of some environmental parameters (e.g. food availability, temperature, hydrodynamism) and spatial variability on growth, and to assess the effect of density according to a wide range of hydrodynamical and environmental conditions (Grant and Bacher 2001; Bacher et al. 2003; Duarte et al. 2003).  The consortium research project was also conducted from the European Union, China and Canada, coordinated by Dr. Cedric Bacher from IFREMER focused on three specific objectives: 1)To improve scientific knowledge on the interactions between aquaculture and environment in coastal areas, including the interactions between different types of aquaculture or exploitation of natural resources, with an emphasis on polyculture; 2) To establish models that predict the carrying capacity for aquaculture and its resulting impacts according to different types of aquaculture in different environments; 3) To provide scientific information and recommendations that facilitate sustainable aquaculture management (http://www.ecowin.org/china/).
4.3.2.1.2 Enclosed and intensive systems (implemented in Korea)

Recently, no water exchange system for shrimp culture has been introduced.  Shrimps are grown in outdoor ponds by heterotrophic methods with no water exchange, or in an indoor raceway system with intensive culture using heterotrophic methods.  This research might be implemented in Korea.  

To share and exchange information in the field of the shrimp diseases, sustainable shrimp production practices, and shrimp feed and nutrition, heterotrophic culture technologies are the most efficient way so far.  For these systems to be effective, proper feed management, adequate aeration and circulation, natural productivity and nitrogen cycling processes are carefully managed as they ultimately determine quality of culture water.  Furthermore, data suggest that water exchange could be greatly reduced without negative impact on shrimp performance.  This management practice has been used successfully in farms in the Far East, Central America, Texas and other places.  This is strongly recommended evaluating the use of the heterotrophic technology currently available in Korea, as a tool to minimize losses to viral disease outbreaks (http://www.lib.noaa.gov/korea/bilateral/workshops/workshop_summary_082005.pdf).
4.3.2.2 Regional training in diseases 

Regional training in diseases 

Objective: To train regional scientists in identification and disease control for YS marine farmed organisms

Type of workshop: seminar, lecture and laboratory practice

Participant group: scientists from related institutes of both countries(10-20 people)

Time frame: 10 days in Sep-Oct, 2007

All textbooks for training are prepared by lecturers from both countries

4.3.3. Work plan for 2007 – sustainable actions

Option 1. YSFRI organize training course in mariculture; NFRDI organizes training course in disease control

Option 2. YSFRI organize both training workshops

5. Education and Training

With the aid of a comprehensive policy framework, aquaculture can be safely managed to ensure a sustainable and productive future. Responsible aquaculture has been one of the most important items on the agenda, as is developing a new paradigm for the fisheries business (Stickney and McVey, 2002).  The federal government can catalyze sustainable development in the sector by providing a cohesive, integrated and coordinated response.  The necessary first act is education and training.

5.1. Investing in people through education and training

Further investments in education and training are essential in order to build the knowledge, skills and positive attitude in all people involved in the sector.  Human capacity development can be made more cost-effective and responsive to need by using participatory approaches to curriculum development. This will include improving co-operation and networking between agencies and institutions; multidisciplinary and problem-based approaches to learning; using modern training, education and communication tools, such as the Internet and distance learning, to promote regional and inter-regional co-operation and networking in the development of curricula, knowledge exchange, shared knowledge bases and resource materials; and providing a balance of practical and theoretical approaches to the training of farmers and more skilful and innovative industry staff.
Table 3. Topics that should be dealt in the education and training component of an ideal Responsible Aquaculture Program (RAP):
	Topic
	Sub-Topic

	Sustainable management options
	· Integrated coastal zone management (ICM or ICZM)

· Ecosystem-based, Environmentally-sustainable management

	Conventional methods applied in YS region of China and Korea
	

	Sustainable method options
	· Polyculture (Integrated Multi-trophic Aquaculture; IMTA)

· Open Sea Mariculture (Offshore aquaculture)
· Closed circulation
· Sustainable mariculture disease control


5.2. ICZM as the logical tool to accommodate various uses: Sustainable management options

Many different user groups use the coasts.  Integrated coastal zone management (ICZM), often simply referred to as coastal zone management (CZM), seeks to provide an integrated framework to resolve conflict between sectors or user groups and to ensure the smooth integration of area plans into a national coastal policy framework.  Socio-economic aspects of planning should be reconciled to the environmental constraints.  There is a key role for the aquatic environmental sciences in defining those aspects.

Integration of coastal stakeholders must have a local base and works best from the bottom up. All stretches of coast are, after all, different from one another in their characteristics, but it helps if the governmental unit involved facilitates the creation of an administrative structure to make management not only ecologically sound but also fair and equitable.

Accommodating new installations in about-to-be-developed coastal areas is easier than dealing with existing ones.  The latter have had the tendency, in Asia and elsewhere, to exceed the carrying capacities for aquaculture.  The interplay of the biological and technical bases for the rearing of aquatic organisms with the many social and economic forces that impinge on the domestication of these organisms is key.
5.3. Ecosystem-based, Environmentally-sustainable Management (EBM): Sustainable management options

Implementation of these laws and regulations is equally important.  Education and training of both the law-enforcement teams and the workforce of the industry is truly necessary for the success of ICZM.  It should be acknowledged that a polluted and damaged environment will eventually fail to support production, and that to protect the environment is to protect the industry.  China and Korea have issued and drafted a series of fishery laws and/or regulations in recent years, which cover all the aspects of aquaculture activity, from cultivation and harvesting area classification, through processing the end products.
Functional division of the marine areas is vital for ecosystem-based management.  Functional division is the foundation of ICZM.  It is expected that China will increase its input in the near future in terms of both funding and manpower, in both fundamental research and the practice of marine area functional division.  International cooperation in this area is also necessary to enhance the practice.
Ecosystem-based management requires the integration of multiple system components/uses including identifying and striving for sustainable outcomes, precaution in avoiding deleterious actions, and adaptation based on experience to achieve effective solutions (Boesch, 2006).  

Ecosystem-based management could be advanced by: 
(1) Orienting more scientific activity to provide the solutions needed for ecosystem restoration; 
(2) Building bridges that cross scientific and management barriers to more effectively integrate science and management; 
(3) Directing more attention to understanding and predicting achievable restoration outcomes that consider possible state changes and ecosystem resilience; 
(4) Improving the capacity of science to characterize and effectively communicate uncertainty; and 
(5) Fully integrated modeling,  

Progressive concepts of “ecosystem-based management” (EBM) emphasize four common principles, namely that effective management must: 
(1) Be integrated among components of the ecosystem and resource uses and users; 
(2) Lead to sustainable outcomes; 
(3) Take precaution in avoiding deleterious actions; and 
(4) Be adaptive in seeking more effective approaches based on experience.

Ecosystem-based Aquaculture in integrated Coast Management requires the following stepped approach

(1) Analyse status of fishery and aquaculture.

(2) Determine positive and negative ecological factors and changes from aquaculture.

(3) Analyse the link between existing aquaculture practices and coastal management.
(4) Suggest problem-solving ideas for aquaculture and Ecosystem-based Management (EBM).

(5) Apply EBM.

Environmental scientists should become well versed in the concepts of integration, sustainability, precaution and adaptation, and seek ways to contribute to their practical application in ecosystem-based management.  Scientific and management barriers should be bridged, moving towards the integration required for ecosystem-based management. While the complete merger of scientific disciplines and management responsibilities is both unlikely and unwise, concerted efforts are required to bridge the existing formidable barriers to effective integration. More attention should be given to understanding and predicting achievable restoration outcomes that consider possible state changes and ecosystem resilience.  Science should improve its capacity to characterize, if not quantify, uncertainty in assessments and predictions, and to effectively communicate this uncertainty to managers and the public.  Modeling, observations, and research should be fully integrated to facilitate adaptive management (Boesch, 2006). 

6. Technical guidelines for a training course on sustainable mariculture techniques

6.1. Conventional methods applied in YS region of China and Korea: Brief review of current general aquaculture methods of marine farmed organisms

6.1.1. Pump Ashore/Land-based Culture

Land-based marine aquaculture systems have several advantages.  Technology is rapidly advancing in this field and the cost of equipment, such as chillers and pumps, is decreasing.  A land-based system allows the water quality to be controlled more easily via filtration.

6.1.2. Submerged Line Culture

Submerged line culture is often the preferred method for culturing bivalve species such as mussels and oysters.

6.1.3 Net Pen Culture

Net pens are often used for much finfish culture.  There is growing interest in converting net pens from salmon culture to other finfish culture.

6.1.4. Challenges in Developing Aquaculture Systems

It is often expensive to find solutions to technical problems associated with marine aquaculture.  There are often high costs associated with initial investment in equipment and labour, followed by high costs for feed and continuous maintenance.

The high costs associated with aquaculture systems have forced the industry to explore cost-cutting technology.  For example, researchers are interested in collaborating with organizations that create waste heat (e.g. power plants and natural gas companies) to reduce the cost of heating water via electricity.

Through both lecture and hands-on laboratory sessions, participants will learn about the following.

· Fish production systems (ponds, flow-through, net pens, and recirculating aquaculture technology) commercially used throughout the world

· Various components and functions of fresh and salt water recirculating aquaculture systems

· Integration of hydroponics and recirculating aquaculture systems

· Interdependence of food science, horticulture and fishery biology in aquaculture

· Nutrition of various fish (herbivores, omnivores, and carnivores)

· Characteristics and management of solid and liquid wastes

· Issues associated with the discharge of wastewaters into public receiving waters

· Treatment of sick fish

· Recognizing the early stages of disease

· Sampling skin and gill tissue

· Performing necropsy

6.2. Polyculture (= Integrated multi-trophic aquaculture: IMTA)

The underlying goal of polyculture involves increasing productivity by more efficiently utilizing ecological resources within an aquatic environment.  This type of aquaculture is accomplished (or attempted) by stocking species with different feeding habits and different habitat preferences (e.g., benthic vs. pelagic).  Stocking two or more complementary species can increase the maximum standing crop of a pond by allowing a wider range of available foods and pond volume to be utilized.

Currently a great deal of emphasis is placed on responsible marine aquaculture practices worldwide.  One concept that is currently being examined is polyculture or integrated multi-trophic aquaculture (IMTA).  IMTA is the idea of growing finfish, shellfish and marine plants together for the benefit of all crops and the environment.

IMTA is not just about more production.  Often, it is also about more profits.  IMTA is often of greatest benefit in extensive or moderately intensive fish production.  For the same reasons, it might be difficult to adapt to modern industrial-scale fish and shellfish farming.  But, just as economics, regulatory policies, and social consciousness will eventually force the adoption of more fuel-efficient vehicles, aquaculture in the coming decades will be faced with similar pressures to improve efficiency and reduce environmental impact.   IMTA, with its natural emphasis on increased utilization of water and nutrients, will almost certainly play an important role in this process, as shown in Figure 16 (Chopin et al., 2001; Troell et al., 2003; Neori et al., 2004).
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Figure 16. Low pollution integrated multitrophic aquaculture (modified from Neori and Yarish, 2005).
6.3. Recirculating tank production system

To facilitate sustainable aquaculture in the region through: (a) reinforcing within the aquaculture industry the need for a commitment to environmentally sustainable practices and a duty of care for the environment in which the industry is located; (b) ensuring environmental factors are considered in site selection for the optimum location of new aquaculture enterprises; (c) ensuring environmental factors are considered in the planning, design and operation of all aquaculture enterprises.

The purpose of the recirculating aquaculture tank production system is to promote economically and environmentally sustainable land-based aquaculture by providing guidance for responsible aquaculture practices.  Land based aquaculture facilities for ponds, tanks, hatcheries, raceways, farm dams and fish outs can include facilities for:

· holding, breeding, harvesting and purging of stock
· associated facilities for the preparation or storage of feed
· processing, manufacturing, packaging or distribution of products
· administration, laboratory, storage and maintenance facilities
· waste management

· water extraction, storage, reticulation and recirculation systems
· transport facilities including access
· any related tourist or fishout activities

Several potential advantages include:

· reduced water use and production effluent

· improved water quality

· easier accessibility to fish from raceways

· increased species diversity

· increased sustainability

Several possible disadvantages of these systems include:

· need to pump or mechanically move water

· higher fish production costs compared with open pond culture due to increased pumping costs

· unproven economic feasibility in some cases

6.4. Open Sea Mariculture (= Offshore aquaculture)

The future of aquaculture will likely be the development of large complexes of submerged net cages, anchored to the seafloor in deeper, offshore waters in the open sea.  Whether these ventures succeed in becoming sustainable depends, as with near-shore aquaculture, on the type of fish being farmed and how they are farmed.

For example, the overall goal of the New Hampshire Offshore Aquaculture Project funded by Sea Grant is to stimulate the further development of commercial aquaculture, thereby increasing seafood production, creating new employment opportunities, and contributing to economic and community development.  The United States has invested in several pilot-scale projects in this area, including projects in New Hampshire, Puerto Rico and Hawaii.  To accomplish this goal, significant biological, technical and socio-economic issues need to be resolved before aquaculture can become part of the solution to our fisheries crisis.  Among the most significant of these issues is the positioning of any aquaculture industry.  Because inshore coastal waters are already heavily used for recreation, commercial fishing, and shipping, it is assumed that at least some aquaculture activities will need to take place in offshore areas where there would be fewer conflicts with existing user groups.  The high energy (winds and waves) of such exposed locations present significant technical challenges in the design, testing and construction of aquaculture systems that are capable of surviving in these areas.  In addition to these technical challenges, there are many biological, regulatory, social and economic problems to be solved.

The ocean beyond near-shore waters has long beckoned as the next area to be used for cultivation.  One of the most frequently mentioned options for expansion of the mariculture industry is to move offshore into more open waters.  Open-Sea Mariculture (OSM = offshore aquaculture) presents a unique opportunity for sustainability

If such facilities are placed in offshore waters where circulation is excellent, and if the facilities are properly sized, no significant negative impact on local environmental conditions should occur.  Thus OSM represents the next logical step in the development of the industry.

Careful attention to the density of OSM facilities within a given locale will ensure that the sustainability of the activity is maintained.

7. Technical guidelines for a training course on disease diagnosis, prevention and control

With regard to culture of species using mature technologies, the major constraints in production are usually related to health maintenance, disease occurrence, and product quality.  These issues are inter-related, especially if disease prevention or control implementations have long-term effects on the environment or produce residues that make products unacceptable for consumption.  Although fish health is a relatively young discipline, numerous publications are already available for reference.  One of the best references that discuss disease, health, monitoring and surveillance is a survey toolbox for aquatic animal diseases (Cameron, 2002).  Disease is usually defined as any abnormality of structure or function.  Health is simply the normal state of an animal, or the absence of disease. Measures to indicate the health status of production can be very useful.  Ensuring good farm production and animal health starts at the planning stage of every aquaculture venture.

Sources of Infection: Different measures are required to maintain cleanliness and hygiene within culture premises.  Prevention and control measures for specific diseases are discussed in the sections on diseases in eggs and larvae, and on diseases in juveniles and adults.

Hatchery Facilities: Maintenance of hygiene in the hatchery can be accomplished simply by disinfecting all facilities (reservoir, larval rearing tanks, algal tanks, rotifer tanks, Artemia tanks, etc.) and materials (nets, hoses, pails and other paraphernalia) with chlorine.  A well-designed hatchery should have a disposal system for contaminated effluents to prevent contact with natural bodies of water.

Animals: Any stage of live animals for culture that are brought into new sites or aquaculture facilities can carry with it associated micro-organisms, including those that cause diseases. Therefore, disinfection and quarantine are carried out to avoid introduction of new and exotic pathogens.

Regular record keeping: Individual experiences in hatchery and farm operation build up information on acceptable survival and growth rates. Records of water quality, stocking rate and date, daily feeding quantities, water management schemes, harvesting dates and quantities, among others, provide a picture of how each culture unit performs under a certain management regime.  The accumulated information can then be linked with production rates and become the basis for optimized and profitable operations in the hatchery and farm. The survival and growth rate of each population depends on factors such as stocking density, predation, feed, temperature and other site-specific and farmer-specific aspects.  One way to increase the predictability of production outcomes is to monitor the health status of animals

Disease monitoring and sampling: Data obtained from frequent and regular monitoring of farmed animals has predictive value if the examinations are based on a good number of samples. Obtaining the representative number and kind of samples for monitoring purposes is difficult. Each member of the sample will be examined and the results used to generate a picture of the status of the entire population from which the sample was drawn.  However, when disease is suspected in the population, a different sampling guideline and sample number should be used.

Treatment of diseases

Levels of Diagnosis: The Asia Diagnostic Guide provides a guide for the pathogens and diseases listed in the NACA/FAO/OIE Quarterly Aquatic Animal Disease Reporting System.  It has been developed from a large amount of technical contribution from aquatic animal health scientists in the Asia-Pacific region who supported the regional programme. The Asia Diagnostic Guide could be effectively used for both farm and laboratory level diagnosis in the region.

Sending samples for diagnosis: Farm site diagnosis is very important in order to be able to gather information about diseases, especially for emerging problems caused by infectious micro-organisms.  Based on the recommended number of representative samples, good quality specimens should be submitted.

Reporting on diseases: Report the diseases on the National List of reportable diseases of aquatic animals.

Antibiotics: Antibiotics are drugs of natural or synthetic origin that have the capacity to kill or to inhibit the growth of micro-organisms. Antibiotics that are sufficiently non-toxic to the host are used as chemotherapeutic agents in the treatment of infectious diseases of humans, animals and plants. They have long been present in the environment and have played a crucial role in the battle between man and microbe. Drug choices for the treatment of common infectious diseases, however, are becoming increasingly limited.

8. Summary

The YS region provides more than 10% of the total world mariculture production; 5.0% of finfish, 6.5% of crustacean, 37.0% of shellfish and 8.3% of seaweed during the 5 years between 2000 and 2004 (FAO & Tables). At 417,000km2, it is about 1.16% of the total coastal area in the world.  The extensive tidal flat and continental shelf area is a prime shellfish habitat as well as centre for the mariculture industry.  More than one-third of total world shellfish production comes from this YSLME coast.  Therefore the mariculture industry of YSLME, in both China and Korea, should be carried out under very strict ICZM and EBM management regimes.    

Table 4. Suggested actions and major targets
	MAJOR ISSUES (*)
	SUGGESTED ACTIONS
	TARGET

	· Analysis of aquaculture systems in terms of their carrying capacity of stocking density with respect to the whole surrounding waters column and sediment below

· Habitat loss and deterioration (water quality and sediment health)

· Pollution

· Disease

· Socio-economic aspects of domestic and international trades


	· Ecosystem based aquaculture management

· Analyze status of fishery and aquaculture

· Determine positive and negative ecological factors and changes from aquaculture

· Analyze the link between existing aquaculture practices and coastal management

· Suggest problem-solving ideas of aquaculture and Ecosystem-based Management

· Apply Ecosystem-based Management
· Best Management Practices (finfish farm)

· Selection of production sites

· Selection of water source

· Water quality management and control

· Maintenance of various life stages

· Feed quality and feeding practices

· Fish health management

· Proper use of chemicals and veterinary drugs

· Proper sanitation

· Harvesting, holding and transport

· Detailed record keeping
	· Joint-regional applied research programme for sustainable mariculture

· Define Carrying Capacity of the Aquaculture System

· Apply Ecosystem Based Aquaculture Management

· Apply Integrated Coastal Zone Management with specific aquaculture practice
(*) affecting the YS mariculture sustainability
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