
 

 

Global Conference on Aquaculture 2010 
 

Farming the waters for People and Food 
 

22-25 September 2010, Phuket, Thailand 

 

 

 

Disclaimer 

This is an unedited presentation given at the Global Conference on Aquaculture 2010. The Organising 
Committee do not guarantee the accuracy or authenticity of the contents. 

Citations 

Please use the following citation sequence with citing this document: 

1. Author. 
2. Title. 
3. Presented at the Global Conference on Aquaculture 22-25 September 2010, Phuket, Thailand. 

 



10/10/2010

1

Plenary Lecture I :
Resources, technologies and services 

for future aquaculture: a needs 
assessment for sustainable development 

Patrick Sorgeloos (Ghent University, Belgium) 

from Kyoto 1976,

over Venice 1981over  Venice 1981, 

and  Bangkok 2000,

to  Phuket 2010
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1. History of aquaculture

2 Challenges threats and opportunities for future aquaculture

Overview of this presentation

2. Challenges, threats and opportunities for future aquaculture

3. Priorities for future aquaculture

4. The way forward

1. Facts and figures

1. History of aquaculture

2. Food versus business aquaculture

3. Systems and species

4. Success stories
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1. Facts & Figures

Quantity and value of world aquaculture production of aquatic animals and plants

105 Billi US $105 Billion US $

1. Facts & Figures

seaweeds 16 T (10% i l )

molluscs 14 mT (15 % in value)

crustaceans 4 T (20% i l )

fish 30 mT (55% in value)

seaweeds 16 mT (10% in value) crustaceans 4 mT (20% in value) 
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by quantity
1. Facts & Figures

by value
Aquaculture production per region

FAO, 2009

FOOD aquaculture

2. FOOD versus BUSINESS aquaculture

BUSINESS aquaculture

Asia, esp. China 
- long history
- large production
- integrated farming          

Recent developments  (since 1960s)
• Japan, later Europe, America’s, etc
• successful new industry
• monoculture
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5 types of freshwater aquaculture in China (in tonnes)

560 000
530,000

2. FOOD versus BUSINESS aquaculture

2,420,000

1,460,000
560,000

,

Pond culture

Reservoir culture

Lake culture

Courtesy: Pan Yingjie, Shanghai Ocean University, 2010

14,590,000 River culture

Paddyfield culture

2. FOOD versus BUSINESS aquaculture
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2. FOOD versus BUSINESS aquaculture

FOOD aquaculture BUSINESS aquaculture

2. FOOD versus BUSINESS aquaculture

Asia, esp. China 
- long history
- large production
- integrated farming

Recent developments  (since 1960s)
• Japan, later Europe, America’s, etc
• successful new industry
• monoculture
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BUSINESS aquaculture

2. FOOD versus BUSINESS aquaculture

biology
technology
profitabilityprofitability

monoculture approach

3. Aquaculture sytems and species
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3. Aquaculture sytems and species

Courtesy Nutreco

C t H hCourtesy Harache

3. Aquaculture sytems and species

Courtesy Harache
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Photo Eding
Photo Schneider

3. Aquaculture sytems and species

Photo SchneiderPhoto Schrama

4. Success stories

WORLD SALMON PRODUCTION
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4. Success stories

12,000 ton/yr salmon farm in Norway operated by  <10 people

4. Success stories

World shrimp production by species 

P. vannamei

P. monodon

Macrobrachium
other marine shrimp
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PANGASIUS CATFISH FARMING IN VIETNAM
> 1,000,000 TONS/YEAR

4. Success stories

(surface area)
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4. Success stories

500
500

600

CHINESE MITTEN CRAB 
Eriocheir sinensis

annual production yields
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mussel farming

4. Success stories

g

scallop farming

mollusc farming: 14 million ton / year
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red and brown 
algae farming in China 

4. Success stories

seaweed farming: 16 million ton / year

2. Challenges, threats & opportunities 
for future aquaculture

► Increased market demands, limited fisheries, 
population increase, health benefits 

► Freshwater versus seawater 

► Long term human food supply

► Sustainability issues► Sustainability issues
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Contribution of aquaculture to world fish consumption during 1970-2008 

Fishing = hunting   /  Overfishing
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♦ In 2007, the world consumed 113.7
million tonnes of fish, 50.3 million
tonnes originated from aquaculture

♦ Ten years from now, aquaculture will
need to produce 28.8 million tonnes
more per year than current annual
production

Forest
9%

Other
9% (cities 1.5%)

Global resources

Oceans
70%

Crops
5%

Pasture
7%

from Cunningham, “Knowledge Based Bio-Economy towards 2020”
Brussels, September 14, 2010
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Global primary production and food supply

total bioproduction
contribution to 

f d ltotal bioproduction food supply

terrestrial

98 %

marine
2 % (fisheries + aquaculture)

from Field et al. (1998) and Duarte et al. (2009)

AQUACULTURE PRODUCTION BY SPECIES GROUP & ENVIRONMENT

Marine
33 Mt

Freshwater
31 Mt

Brackish
3 Mt

Aquatic plants Crustaceans Fish Other Molluscs

FAO, 2010
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STAGNANT
CAPTURE 
FISHERIES

INCREASED 
MARKET
DEMAND

environmental problems?
human health risks?

sustainable?

more responsible farming !

INCREASED 
AQUACULTURE 

PRODUCTION

3. Priorities for future aquaculture 

from  empiricial farming

towards 

a  knowledge-based bio-industry

resulting in new concepts & products for    
a sustainable  aquaculture 
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1. Complete independence from natural stocks through DOMESTICATION

2. Improved / more cost-effective SEED PRODUCTION

3. Better targeted SPECIES SELECTION

4. Development of more efficient stocks through SELECTIVE BREEDING 

5. More MICROBIAL MANAGEMENT for more sustainable production 

6. Better understanding of IMMUNE SYSTEMS in vertebrates and 
invertebrates

7. More INTEGRATED PRODUCTION SYSTEMS for plant and animal farming

8. COASTAL AND OFF-SHORE FARMS of food and energy

9. Full independence from fisheries stocks for LIPID AND PROTEIN 
INGREDIENTS in aquatic feedsINGREDIENTS in aquatic feeds 

10. More attention for INTEGRATION of restocking activities with FISHERIES
management

11. SOCIETAL LEVERAGE:

• multi-stakeholder interaction

• International cooperation on a win-win basis

wild wild wild wild

1. Complete independence from natural stocks through 
DOMESTICATION

marketstocking
ongrowing

fry
postlarvae

seed
larvae

eggs
sperm

embryos

broodstock
spawners market
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2. Improved / more cost-effective SEED PRODUCTION

2. Improved / more cost-effective SEED PRODUCTION
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example:
Sea bass/bream larviculture in the Mediterranean

2. Improved / more cost-effective SEED PRODUCTION

• annual production of 1 billion fry 

• market value of 15 Euro cents a piece

• average survival 20 % by day 60

• low survival = critical bottleneck for future cost efficiency and 
sustainability of the industryy y

• microbial interference considered to be the main culprit

• no selected breeds available yet 

host

How to study host-microbial interactions?

2. Improved / more cost-effective SEED PRODUCTION

known micro-
organisms

host

environment

host
simplification

reality ?

microbial
community

complex gnotobiotic
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2. Improved / more cost-effective SEED PRODUCTION

Gnotobiotic sea bass test system

2. Improved / more cost-effective SEED PRODUCTION
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Effect of light stress on survival of xenic sea bass larvae

Gnotobiotic sea bass test system

2. Improved / more cost-effective SEED PRODUCTION
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Axenic sea bass larvae are not sensitive to light stress
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Development of innovative microbial management systems 

Quorum sensing Probiotic bacteria Pathogenic 

Feeds

Antimicrobial ImmunostimulantsQuorum sensing Probiotic bacteria Pathogenic 

Micro Algae /Feeds

Antimicrobial Immunostimulants

Heat-shock proteins

2. Improved / more cost-effective SEED PRODUCTION

Gnotobiotic 
Artemia test 

system

Gnotobiotic 
Artemia test 

system

g
analysis Probiotic bacteria bacteria PeptidesImmunostimulantsg

compounds Probiotic bacteria bacteria peptidesImmunostimulants

Artemia
system

Gnotobiotic
model

systems

Gnotobiotic

Quantitative 
analysis of 

the bacterial 
community

Qual/Quant 
analysis of 

the bacterial 
composition

Biochemical 
analysis

Biochemical 
analysis

Host gene 
expression 

analysis

Marker 
genes

Host gene 
expression 

analysis

Marker 
genes

Fish and shellfish Fish and shellfish 
larvae validationlarvae validation
Fish and shellfish Fish and shellfish 
larvae validationlarvae validation

PerformancePerformance
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2. Improved / more cost-effective SEED PRODUCTION

disease free

disease resistant

certified seed

3. Better targeted SPECIES SELECTION for bulk & niche markets
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4. Development of more efficient stocks through SELECTIVE BREEDING

wild stock genetic
variation

domesticated
stock

• disease resistance
• growth rate
• size / quality
• feed conversion
• fecundity
• ease of domestication

breeding program

genetic 
improvement

breeding
objectives

4. Development of more efficient stocks through SELECTIVE BREEDING
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4. Development of more efficient stocks through SELECTIVE BREEDING

4. Development of more efficient stocks through SELECTIVE BREEDING
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Microbes “run the world”

70 % of all farmed fish are produced  in ponds

5. More MICROBIAL MANAGEMENT for more sustainable production

BIO FLOCS

What is the role of the microflora ?

Recent documentation:
30 % N contribution from bio flocs !
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mussels

Artemia biomass

Examples of steering host-microbial interactions

5. More MICROBIAL MANAGEMENT for more sustainable production

• Stimulating the host’s immune response
– yeast cell wall-bound components
– heat shock proteins

• Influencing microbial numbers or activity g y
– intestinal pH modulation (polyhydroxybutyric acid)
– quorum-sensing interference
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pH of sea bass intestine

Dietary effect of PHB addition to the diet of sea bass larvae

5. More MICROBIAL MANAGEMENT for more sustainable production

higher uptake of PHB 

production of 3-HB or 
other SCFA in the gut?

g p
results in lower intestinal pH

change in microbial 
community

Dietary effect of PHB addition to the diet of sea bass larvae

5. More MICROBIAL MANAGEMENT for more sustainable production

2 – 5 %  PHB 
induces significant 
weight increase

Sea bass growth
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6. Better understanding of IMMUNE SYSTEMS in vertebrates and 
invertebrates

DISEASE TREATMENT

consumerenvironment (antibiotics)

DISEASE PREVENTION

6. Better understanding of IMMUNE SYSTEMS in vertebrates and 
invertebrates

diagnostics
immunology

vaccines
quarantinequarantine
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Next breakthroughs in vaccine development

6. Better understanding of IMMUNE SYSTEMS in vertebrates and 
invertebrates

6. Better understanding of IMMUNE SYSTEMS in vertebrates and 
invertebrates
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Ecosystem-based polyculture of different carp species in China

7. More INTEGRATED PRODUCTION SYSTEMS for plant and animal farming

7. More INTEGRATED PRODUCTION SYSTEMS for plant and animal farming
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7. More INTEGRATED PRODUCTION SYSTEMS for plant and animal farming

HYDROPONICS / AQUACULTURE INTEGRATION

www.socialearth.org

7. More INTEGRATED PRODUCTION SYSTEMS for plant and animal farming
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8. COASTAL AND OFF-SHORE FARMS for food and energy

EXTRACTIVE aquaculture FED aquaculture
8. COASTAL AND OFF-SHORE FARMS for food and energy

nutrient recycling



10/10/2010

34

8. COASTAL AND OFF-SHORE FARMS for food and energy

8. COASTAL AND OFF-SHORE FARMS for food and energy
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Integration of culture of different trophic levels

MUSSELS

8. COASTAL AND OFF-SHORE FARMS for food and energy

MACROALGAE

FINFISH

8. COASTAL AND OFF-SHORE FARMS for food and energy

8 km
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Multi-trophic aquaculture - for food production
integrating - for bioremediation 
different niches of the ecosystem:  fish,  shellfish &  seaweeds 

and maximizing nutrient recycling

8. COASTAL AND OFF-SHORE FARMS for food and energy

and maximizing nutrient recycling 

8. COASTAL AND OFF-SHORE FARMS for food and energy

Sea ranching or sea bottom culture in subtidal zone in Zhangzidao
Island, Dalian, Liaoning Province, China
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8. COASTAL AND OFF-SHORE FARMS for food and energy

Role of aquaculture in environmental bioremediation & 
habitat rehabilitation

8. COASTAL AND OFF-SHORE FARMS for food and energy
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8. COASTAL AND OFF-SHORE FARMS for food and energy

Energy generation
(wind, wave, thermal)

- )

9. Full independence from fisheries stocks for LIPID AND PROTEIN 
INGREDIENTS in aquaculture feeds

The fish meal / fish oil contradiction
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• more attention for integration of restocking activities with fisheries 
management through multidisciplinary cooperation: oceanography, 

i bi l fi h i & l

10. More attention for INTEGRATION of restocking activities with 
FISHERIES management

marine biology, fisheries & aquaculture

• juvenile fitness
• releasing strategies
• impact on wild stocks

10. More attention for INTEGRATION of restocking activities with 
FISHERIES management

Belgium

Netherlands

UK



10/10/2010

40

June July ‘98August September ‘98October November ‘98December ‘98 January ‘99February March ‘99April May ‘99June July ‘99August September ‘99June - July ‘98August - September ‘98October - November ‘98December ‘98 - January ‘99February - March ‘99April - May ‘99June - July ‘99August - September ‘99

11. SOCIETAL LEVERAGE: 
- multistakeholder interaction
- international cooperation on a win-win basis

Europe imports about 65 %

Trade flows of aquatic products into Europe

Europe imports about 65 % 
of its aquatic foodstuffs

from FAO
in US$ millions, c.i.f.; averages for 2004–06
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• Producers (FEAP, Mollusc Assoc,...)

• Feed companies (FEFAC)

• Pharmaceutical companies

/

EATiP  stakeholder groups:

• Service / Hardware companies

• Scientific Organisations (education, training, research) 

• International associations (EAS, NACEE, AquaTnet, …)

• Consumer organisations / Retailers

• Legislation / Policy makers



10/10/2010

42

v Freshwaterv Freshwater
v Technology suppliers
v Genetics

NASCO
North Atlantic Salmon 

Conservation Organization

ViFINET

China AquaFishNet

NACA

Asian Fisheries &
Aquaculture
Society
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Thank you

www.aquaculture.ugent.be


