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The UNDP/GEF project “Reducing environmental stress in the Yellow Sea Large Marine Ecosystem” was initiated in 2005. The project uses the Transboundary Diagnostic Analysis (TDA) mechanism that the GEF recommends to ensure that nations sharing a large marine ecosystem (LME) address coastal and marine issues by jointly analyzing factual, scientific information on transboundary concerns. To date, the TDA and the China and R. Korea Yellow Sea reports “Analysis of environmental status and trends” have been published. Currently, the regional technical and governance reforms needed to tackle the environmental challenges highlighted in the TDA and country reports are being addressed in a country-driven Strategic Action Programme (SAP).
Production from mariculture and freshwater aquaculture in China and R. Korea has grown spectacularly since 1990.  By 2005, 70% of the world’s total production or 44 million tonnes was produced in these two countries, with China responsible for the majority of the growth. Mariculture accounted for approximately 14 million tonnes in 2004, 75% of which was due to mollusc culture. The growth in production was accompanied by a fivefold increase in the area occupied by mariculture from 190,000 to 1,000,000 hectares between 1995 and 2004. However, the TDA and China country report suggested that productivity (tonnes/ha) has steadily decreased since 1997, indicating that further expansion in the farmed area may not result in greater total production. The fall in productivity is partly caused by the increased use of sub-optimal habitats and increased proximity of farms that result in greater disease transmission between farms, elevated concentrations of pathogens, organic and chemical wastes and greater competition for food resources amongst cultivated organisms. Mariculture productivity in R. Korea has followed a similar pattern, however since a low point in 2001, productivity has steadily increased. 
The aim of the SAP is to maintain the Ecosystem Carrying Capacity which is defined as the sum of the ecosystem services available to mankind. Of the SAP management actions that address unsustainability in mariculture, two have been selected to demonstrate their effectiveness in reducing environmental stress. The YSLME project wishes to promote the use of integrated multi-trophic mariculture in combination with the use of carrying capacity models to balance the release and uptake of nutrients and optimise productivity by setting stocking densities of filter-feeding bivalves according to the available primary production. The project also wishes to encourage the use of zero water-exchange culture systems, particularly heterotrophic shrimp culture technology that has great potential for reducing many of the environmental impacts associated with shrimp farming. Specifically, through the restriction of nutrient, chemical and pathogen release, reduced use of fish protein, and reduction of the area required for shrimp culture through intensification. 
Enhancing Sustainability of Mariculture in the Yellow Sea coastal area: emerging technologies with an example of shrimp culture 
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The Yellow Sea is a semi-enclosed continental shelf is surrounded by the Korean peninsular and the eastern coast of China. Recently, the environments of the Yellow Sea have been threatened because of increased pollutants of various land and marine origins. The aquaculture activities in the coastal area have been acting as one of the pollutant sources to the Yellow Sea. In particular, a wide area of the intertidal region has been exploited for shrimp farms, and wastewater from shrimp ponds has increased significantly over the last decade. The mariculture activities in this region can cause a reduction in environmental quality, loss or modification of coastal habitats, increased pollution, and the spread of pathogens and disease.
In the Yellow Sea coast, the area of shrimp farming is 159,591ha in the side of China and 1,642ha in that of Korea in 2004. Farmed shrimp production is about 150,000 and 1,179MT in China and Korea, respectively in 2004. It suggests that more than 150,000MT uneaten feeds in a year are dissolved in the water and discharged into coastal area. This is one of major source of pollutant and cause eutrophication in the coastal region of this region. 
Indoor and outdoor intensive shrimp culture under limited water exchange can be alternative way to protect destruction of ecosystem and reduce pollutant discharge in the coastal area. These technologies have additional advantages including low water consumption per tonne of shrimp produced; impact on the external environment minimized by containing and treating wastewater; all aspects of production environment may be controlled to achieve optimum growth; indoor production facility can be operational year round; and indoor shrimp culture can keep high biosecurity and minimize the risk of viral infection from environment. Various technologies and examples for shrimp culture are compared and discussed. 
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The red alga Gracilaria lemaneiformis grows naturally in the coast of Shandong peninsula, northern China. After selective breeding at the Institute of Oceanology, Chinese Academy of Sciences, this species has been successfully introduced in Fujian coast in the South China Sea, and cultivated widely due to its high growth rate, good adaptability to the higher temperatures and higher concentration of agar-agar. Previous experiments showed the seaweed also grows well in Sungo Bay, in Shandong Province, in Northern China. After 116 days of cultivation the average wet weight of alga increased 89 times from 0.1 kg rope-1to 8.9 kg rope-1, with an average specific growth rate (based on wet weight) of 3.9% per day (ranging from 9.7% to 1.2% per day). 
In this study, nutrient uptake rate and nutrient reduction efficiency of ammonium and phosphorus from scallop excretion were determined. The experiment included five treatments each with three replicates. Three scallop monoculture system served as control. Scallop weight remained the same in all treatments while seaweed weight differed (Table 1). The results showed that G. lemaneiformis can efficiently absorb the ammonium and phosphorus from scallop excretion. The nutrient uptake rate and nutrient reduction efficiency of ammonium and phosphorus changed with cultivation density and period. The maximum reduction efficiency of ammonium and phosphorus were 83.7 and 70.4 percent, respectively (Table 2). The maximum uptake rate of ammonium and phosphorus were 9.9 and 4.3 µmol/g WW · h. Results indicated that this seaweed can be cultivated in north China and is a suitable candidate for integrated mariculture of seaweed and bivalve. The integration can benefit both the economy and environment in a sustainable manner in the warm season in coastal waters of north China.
Table1. Initial polyculture density of C. farreri and G. lemaneiformis in different treatment                                                   (WW, g /m3)
	Group
	Control
	Treatment 1
	 Treatment 2
	Treatment 3
	Treatment 4

	
	scallop
	seaweed
	scallop
	seaweed
	scallop
	seaweed
	scallop
	seaweed
	scallop
	seaweed

	A
	406.5
	0.0
	428.6
	67.3
	441.6
	144.4
	429.2
	272.1
	443.6
	352.4

	B
	411.9
	0.0
	444.5
	66.9
	417.5
	137.4
	432.9
	255.4
	437.3
	338.7

	C
	405.4
	0.0
	453.4
	73.9
	417.7
	135.6
	423.1
	262.9
	413.8
	351.7

	Mean
	407.9
	0.0
	442.2
	69.3
	425.6
	139.1
	428.4
	263.5
	431.6
	347.6

	Ratio
	
	
	6.38：1
	3.06：1
	1.63：1
	1.24：1


Table 2. The ammonium and phosphorus nutrient uptake rate and reduction efficiency in different treatment of scallop and seaweed
	Item
	Treatment
	Uptake rate(µmol g-1 WW d-1)
	Reduction efficient (%)

	
	
	1-week
	2-week
	3-week
	1-week
	2-week
	3-week

	Ammonium 
	1
	8.4
	9.9
	5.3
	48.0
	27.2
	22.6

	
	2
	5.6
	9.6
	5.5
	76.9
	63.0
	55.1

	
	3
	3.4
	6.2
	2.9
	81.7
	70.7
	52.0

	
	4
	2.9
	5.4
	2.2
	83.7
	73.9
	46.6

	Phosphorus 
	1
	0.3
	1.8
	4.3
	25.9
	34.1
	40.0

	
	2
	0.2
	1.1
	3.0
	42.8
	51.7
	65.5

	
	3
	0.1
	0.7
	1.9
	43.7
	50.9
	70.4

	
	4
	0.1
	0.7
	1.3
	49.2
	59.3
	58.4
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Social concerns are more and more increasing on aquatic water pollution due to nutrient loadings from marine water fish farming in Korea. The pollution by fish farms mainly comes from feeding system, which includes unconsumed feed, urine, feces, drugs, dead fish and subterranean water if used. Despite the operation of the direct payment to support feed cost for whom to use the extruded diet (EP) as a solution to keep water clean, raw fish-based moist feed (MP) is still widely used in marine fish farms by fish farmers.
Fish farming industry should be developed in a sustainable manner to keep up with the environmental protection. Olive flounder and rockfish are major culture species in Korea of which production amounts to three quarters of total seawater culture fish output (Table 1). Given the farmers complain the digestive problems which result in retarded growth when fish fed the extruded diet, the use of the MP in marine fish farms is known to significantly increase biological oxygen demand, nitrogen (N) and phosphorus (P) in adjacent water body. The total amount of feed used for flounder production is reported to be 218,240 metric tons from which both N of 2,263 tons and P of 344 tons are estimated to be discharged (Table 2). A significant reduction of N and P could be achieved if MP was switched to EP. The present situation of marine fish farming, nutrient loadings and how to reduce them by the feeding practice will be discussed. 
Table 1. Marine culture fish production in Korea 
	Species
	2004
	2005
	2006
	2007

	Total
	70,523
	80,935
	91,002
	97,644

	Flounder
	32,101
	40,116
	43,724
	41,207

	Rockfish
	19,589
	21,263
	27,482
	35,509

	Others
	18,833
	19,556
	19,796
	20,928


Table 2. Amount of feeds used for flounder production in 2007 and estimation of nitrogen (N) and phosphorus (P) loadings (unit: tons)
	Feed
	Fed
	N
	P

	MP
	205,100
	2,169
	342

	EP
	13,140
	94
	12

	Total
	218,240
	2,263
	344

	RP*
	
	697
	67


*Reduction potential by using the EP.
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To avoid spatial competition and serious environmental impacts in inshore region, the mariculture industry needs to utilize the offshore area. This paper aims to evaluate the potential of suspended long-line culture of scallop Chlamys farreri in offshore areas and to determine the best offshore culture mode. Experimental sites were set up in Sungo Bay from May to November 2007. The effects of seed density and lantern size on the growth rate of scallop C. farreri in inshore and offshore area were compared. The large and small lantern nets had diameters of 0.5m and 0.3m, respectively. The experimental treatments were arranged in 10 groups, as follows: O = offshore culture; I = inshore culture; L = large lantern; S = small lantern; 60 the density of cultivated scallops each disk. For example, OL-60 means: offshore culture of 60 scallops/ disk in large lanterns.

The shell height, dry tissue weight and dry shell weight of the scallops, and environmental parameters were measure monthly. The monitoring results showed that the concentration of chlorophyll a was higher inshore, but the concentration of inshore POM was lower than offshore. The water flow velocity at inshore and offshore is quite different. Survival rates of offshore and inshore groups were 95% and 80%, respectively. Paired-sample test showed there were no significant difference in the shell height growth rates between different experimental groups (p>0.05), but some offshore groups had significant higher dry tissue weights in Nov. 2007 than inshore groups and growth rate of scallops in the small size lantern was higher (Fig.1) The initial seeding density was negatively correlated with dry tissue weight growth. These results show the potential of offshore areas for C. farreri culture.
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Figure 1: The scallop dry tissue weight for each experimental treatment.

SEASONAL VARIATION OF PERKINSUS OLSENI, BRD INFECTION AND FATNESS OF THE MANILA CLAM RUDITAPES PHILIPPINARUM DISTRIBUTED ON THE WEST COAST OF KOREA
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Pathogens in the Manila clam, Ruditapes philippinarum have been monitored from 8 clam beds located on the west coast of Korea from January 2007 to November 2007. Prevalence and infection intensity of P. olseni of individual clam was determined using RFTM and subsequent 2 M NaOH digestion assay. Vibrio tapetis infection known as brown ring disease (BRD), was also categorized based upon degree of the conchiolin deposit stage (CDS) on the shell. Perkinsus prevalence ranged from 43–100 % annually and clams from Hwangdo showed the highest prevalence and infection intensity. In contrast, the prevalence and intensity was found to be lowest in Padori. Perkinsus infection intensity ranged from 14,000 to 1,817,000 cells/g tissue wet weight among the clam beds. Perkinsus infection intensity was highest during September and October in most cases, indicating that Perkinsus infection is closely related to the post-spawning condition of clams. Prevalence and infection intensity of BRD were very low; the prevalence was less than 10% in most cases and the intensity remained below 3 in 0-7 scales. Condition index (CI) of clams varied from 0.255 to 0.840 annually, and highest CI observed during May and July prior to major spawning. Although clams from Hwangdo exhibited highest Perkinsus infection intensity, CI was also highest among the clams collected from 8 clam beds on the west coast. Relatively higher CI observed from clams in Hwangdo was believed to be associated with relatively higher level of food in Hwangdo.
COMPARATIVE SURVEY ON PATHOLOGIC CONDITION OF CLAMS RUDITAPES PHILIPPINARUM DISTRIBUTED ALONG 

THE KOREAN COAST
Hyun-Sung Yang*, Bong-Kyu Kim, M. Jasim Uddin, Yanin Limpanont, Kwang-Jae Park**, Young-Je Park** and Kwang-Sik Choi†
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　 The present study reports the results of a nation-wide survey on the fatness and pathologic condition of Manila clam Ruditapes philippinarum collected from 23 sites along the west, south and east coast of Korea in Spring (April - May) and Autumn (November) 2007. The sampling sites included commercial clam beds as well as natural habitats. Condition index (i.e., fatness) was calculated as a ratio of tissue wet weight to the shell dry weight. Infection intensity and prevalence of Perkinsus olseni was diagnosed using Ray’s fluid thioglycollate assay (RFTM). Brown ring deposit (BRD) on the inner shell surface was also assessed. P. olseni infection intensity of clam populations from commercial clam beds ranged from 0 to about 3,000,000 cells/g wet tissue weight. The intensity was found to be higher among the commercial clam beds and environmentally contaminated areas. It was noticeable that the prevalence (i.e., percentage of infected clams) of P. olseni among clams from tidal flat near river mouth was 0, indicating that they were non-infected. Clams from non-commercial clam beds did show low infection intensity as well as low prevalence. Prevalence of BRD was very low; only 4 clams out of 1,384 clams in Spring and Autumn examined did show BRD. CI showed a wide range, 0.274-0.840 in Spring and 0.255-0.552 in Autumn. CI of clams from commercial beds was significantly higher that those of clams from natural habitat. It was believed that food supply for clams in the commercial beds was better than the natural habitat, although P. olseni infection level among the beds was higher.
Development status and trend of Integrated Multi-Trophic Aquaculture in Yellow Sea
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The challenge facing mariculture is to increase the production capacity of an existing site without exceeding ecosystem capacity. One method is to maximise resource utilization by adding functionally different species to the cultivation system. One of the innovative solutions being proposed for environmental sustainability, economic diversification and social acceptability, is integrated multi-trophic aquaculture (IMTA). Two variations of the IMTA approach have been developed in China: suspended multi-species aquaculture in inshore waters, and multi-species large scale sea ranching in offshore, deeper waters.

An example of suspended multi-species aquaculture is being developed in Sungo Bay, in the East of the Shandong Peninsula, China. Here, in an area of 13,300 ha the annual production is 2,100 ton of scallop Chlamys farreri in fresh weight, 110,000 ton of oysters Crassostrea gigas in fresh weight, 80,000 ton of kelp Laminaria japonica in dry weight, and about 100 tonnes of finfish in 2005. The co-cultivation of abalone Haliotis discus hannai with L. japonica is also being developed, with abalones kept in lantern nets hanging vertically from the long lines and being manually fed with the kelp that is grown on ropes maintained horizontally between long. Once the kelp is harvested, the abalones are fed with dried kelp.

An example of multi-species large scale sea ranching is taking place near Zhangzidao Island, 40 miles offshore in the northern Yellow Sea (water depth from 20 to 40 m). Sea ranching is usually practiced for the enhancement of natural stocks such as Japanese scallop, sea cucumber, abalone, sea urchin and finfish. The Zhangzidao Fishery Group Co., Ltd., is authorized to farm up to approximately 40,000 ha, and presently cultivates 26,500 ha of the scallop, Patinopecten yessoensis, 10,000 ha of the arkshell, Scapharca broughtonii, 660 ha of the sea cucumber, Apostichopus japonicus, and 100 ha of the abalone Haliotis discus hannai. The company has been in existence for more than 10 years. The total harvest in 2005 reached 28,000 tonnes, valued at more than US$60 million (US$18 million in net profit). To improve ecological conditions and the sustainability of the operation, the company is now thinking of developing seaweed cultivation and the construction of artificial reefs in more offshore environments. To date, about 13,300 ha have been optimized in this way.

Besides the development of demonstration activities and applied research to clearly show farmers and regulators the benefits of IMTA, basic research on IMTA has also been performed, for example, the environmental requirements for the growth of seaweeds and shellfish to maximise the nutrient recycling efficiency tp the culture conditions (depths, relative position with respect to the fish cages in relation to the prevailing currents, distance from the cages and culture density). In addition, research in China also investigated how to improve the high biofiltering efficiency of seaweed and shellfish and to increase biomass production capacity to make the IMTA approach more commercially attractive. 
Key words: Mariculture, IMTA, Sungo Bay, Inshore, Offshore, Seaweeds, Shellfish.
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With the development of marine fish cage culture, the extreme enrichment of nitrogen and phosphorus loadings in the water column deriving from fish farm activities is becoming a source of water self-pollution and eutrophication. Using macroalgae to remove nutrition elements such as N and P is one of the most effective ways to prevent the pollution and avoid eutrophication. 

In this paper, nitrogen was selected as the parameter to balance the seaweed absorption and fish produce, nitrogen entered into water was composed of three parts: feed residue, faeces, nitrogen excretion. The nitrogen balance equation can be represented as follows: 

N (Seaweed）= N（fish excretion）+ N（feed residue）+N（fish dead）. 

	   Species

Season
	Lateolabrax japonicus
	Sebastodes fuscescens

	
	Nitrogen excretion 
	Feed residue
	Faeces
	Nitrogen excretion
	Feed residue
	Faeces

	Spring
	1.57
	2.36
	0.16
	58
	87
	5.8

	Summer
	21
	31.5
	2.1
	107
	160.5
	10.7

	Autumn
	269
	403.5
	26.9
	197
	295.5
	19.7

	Winter
	89
	133.5
	8.9
	79
	118.5
	7.9


Sea bass Lateolabrax japonicus and black rock fish Sebastodes fuscescens are the main species cultured in cages in Sungo Bay, Yellow Sea. A total 26 cages were cultured in this area. The nitrogen quantities generated by these two species were showed in Table 1. Results show that nitrogen quantity in (Winter & Spring) and (Summer & Autumn) were 591.68 kg and 1544.4 kg respectively. Based on the biological characteristic, Laminaria and Gracilaria were selected as the bioremediation species in December~May (Winter&Spring) and June~November (Summer & Autumn) respectively. The conversion factor between dry and wet weight of these two species was 1:7. Nitrogen content of Laminaria was 1.34％(dry weight), yield of Laminaria was 56 t(wet weight)/ha, then the theoretic area of Laminaria can be calculated by 591.68×7/ (0.0134*56* 1000)＝5.52 ha. Nitrogen content of Gracilaria was 2.70％(dry weight), yield of Gracilaria was 30 t(wet weight)/ha, then the theoretic area of Gracilaria can be calculated by 1544.4×7/ (0.027*30*1000) ＝13.35 ha. So it can be obtained that the optimum co-culture proportion of fish cage and macroalage in this area was 1(cage):0.212(ha) and 1(cage):0.513(ha).

Table 1: Nitrogen quantities generated by LateolabraxLjaponicus and SebastodesSfuscescens in different season (kg)

Application of Gracilaria lichenoides (Rhodophyta) for Alleviating Excess Nutrients in Aquaculture

Yongjian XU* Wei WEI and Jianguang FANG 
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Abstract A study was conducted in Xiangshan Bay, Ningbo, China using red alga Gracilaria lichenoides to alleviate nutrient pollution in shrimp (Litopenaeus vannamei)/fish (Epinephelus awoara) culture ponds. Our results showed that G. lichenoides was efficient in absorb inorganic nitrogen (IN) and inorganic phosphorus (IP), and maintained a more stable dissolved oxygen (DO) level. A total of 506.5 kg (1013 kg ha-1) of shrimp and 210.5 kg (421 kg ha-1) of fish were harvested from the shrimp/algae (SA) and fish/algae (FA) ponds, respectively, and only 53.5 kg shrimp were harvested from the shrimp pond without Gracilaria (S) due to anoxic asphyxia and 163 kg fish harvested from the fish culture pond without Gracilaria (F). Compared with using microalgae, bioremediation by macroalgae has no risk of harmful algal blooms (HABs) and it is easy to control seaweed biomass. During the experiment, there was a better environmental condition (lower COD, IN, IP and [Chl-a]) in the ponds with Gracilaria. Furthermore, Gracilaria spp. can be used as food for abalone or other aquacultured animals and thus enhance economic return.
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Figure 1: Average (±S.D.) values of COD, [Chl-a], IN and IP in the ponds with (FA and SA) and without macroalga Gracilaria (F and S).
