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Australia’s Maritime Jurisdiction  

Australia’s total 

area of marine 

responsibility 

covers 14 % of 

the world’s 

oceans. 



 Aquaculture in the region  

Australia 1% 

2014~ $1.2 B 

China $70 B 

India $4B 

S.E. Asia $10B 

Aquaculture in Asia 

85% of global 

$120 Billion 

Wild fisheries 

cannot increase 

FISHING  AQUACULTURE 

Aquaculture in the region 
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1. Sovereignty, security, 

natural hazards 

2. Dealing with climate change 

3. Energy security 

4. Food security 

5. Biodiversity conservation 

and ecosystem health 

6. Optimal resource allocation 

Six grand challenges for the marine world 



New tools for collecting and modelling data  

BLUElink:  Accurate forecasts of ocean conditions in the 

Australian region for the first time 

 OzClim: Climate change scenarios using the pattern of change 

for the whole 21st century, individually from each of 23 global 

climate models 

Rainfall  

Temperature 

Ocean currents Climate change Coastal impacts  



Linking observation, models and strategy 

 Automated data collection 

Data access Management strategy Ecosystem models 

Data assembly        Physical models 
Tide and Temperature 
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1. Site selection 

2.  Infrastructure 

3. Domestication 

4. Sustainable feeds 

5. Disease control  

Grand challenges for coastal aquaculture  



CSIRO.   

1. Site selection: zoning , environmental management  

the lessons from rapid unregulated expansion in Asia  



CSIRO.   

Prawn farming and the coastal environment  

most farms adjacent to Great Barrier Reef 

Great Barrier Reef 

Marine Park 

World Heritage  Area 

Cairns 

Cardwell 

Townsville 

Mackay 

Rockhampton 

Brisbane 



CSIRO.   

Responding to concerns about pollution 

Environmental concerns 
• Sediment discharge 

• Nutrient discharge 

• Impacts on environment 



CSIRO.   

What are the impacts on the environment ?  

Weipa 

 Cardwell 

 

Cairns 

Mackay 

Bundaberg 

Brisbane 

Port Douglas 

 

 

University of Queensland Marine Botany 

Australian Institute of Marine Science 

CSIRO Marine Research 

Effluent 

• fate 

• hydrodynamic 

  models 

Pond processes 

Effluent 

• origin 

• composition 

• treatment 

Effluent 

• environmental 

  health indicators 

APFA 

National R & D team  



CSIRO.   

Empty 

Harvest 

What are the impacts on the 

environment ? 

 



CSIRO.   

increase 

no change 

Monitoring water quality (Nitrogen) 



Science publications (42 papers) 

• Shrimp pond discharges unique characteristics (higher phytoplankton) 

• No detectable impacts on downstream sediment processes (tidal dynamics) 

• Significant potential for recirculation and nutrient recapture  



CSIRO.   

   All farms have between 

10% & 35% of total pond 

area as treatment ponds 

Discharge treatment ponds introduced to all farms 



CSIRO.   

No additional nutrients or 

sediment into river  

• Minimize flood risk 

•  Preserve viability of sugar 

industry 

•  Optimize land use economics 

•  No added environmental load 

(nitrogen, phosphorous, 

sediment) 
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CSIRO.   

Broad scale (whole coastline) spatial analysis 



Weipa 

 Cardwell 

 Cairns 

Mackay 

Bundaberg 

Brisbane 

Port Douglas 

   No adverse 

environmental 

impacts for 20 

years 

Australian prawn farms total ~ 1,000 ha 



19  | 

1. Site selection 

Grand challenges for coastal aquaculture  

• Optimal site selection well defined 

• Broad and fine scale mapping and 

   modelling well established 

• Strict management practices established 

• Critical need for zoning  

• Critical need for licence to operate    
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2.  Infrastructure 

Grand challenges for coastal aquaculture  

• Top priority: good quality marine hatcheries and 

    broodstock domestication systems    

11 months 11 months 3 weeks 5 months 



Challenge 3.  Domestication  

Apply advanced genetics & nutrition to 
enhance the rate of progress  
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Health 

Environment 

Genetics 

Nutrition  



Short term  (1-4 yr) 

• Molecular markers 

• Genetic diversity 

• Disease diagnostics 

• Health status   

• Database 

Founder stocks   

Domestication & founder 

stock selection  

 

Medium (Years 5-10) 

Commercial breeding 

Selected genotypes 

stocked on farm  

 

Pilot breeding 

Long term (10-20) 

Cumulative  

genetic gains to 

increase value  

of Australian  

industry by $400 M 

by 2020  

Scale up breeding  



Selective breeding of Penaeus monodon 

HEALTH QUALITY 

GROWTH 
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Exceptional yields from G8 stocks  



CSIRO.   

New  Australian P. monodon breed 



Challenge 4 : Finding alternatives to use of wild harvest fish and 
fish oil to feed farmed fish and prawns 
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20 40 60 80 100   0 

35% 40 % 

73% 25% 

25 % 

Fish meal  Fish oil Other 

2% 

Fish  

Shrimp 
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NovacqTM Production 
Patent : AU2008201886  

    

Bioreactor   

Solid or liquid 

wastes 

Bioconversion 

to Novacq  

Novacq 

Prawn feed + Novacq 

+  Prawn feed  

Raw materials 

Prawn and barramundi genetics, feed and environment|  

Nick Wade 



The solution  

•After 10 years of research, CSIRO has delivered 
the Novacq™ shrimp feed additive technology. 
Shrimp fed with Novacq™ grow on average 20-
30% faster, are healthier and can be produced 
with no fish products in their diet, a world-first 
achievement in sustainability.  
 

| 



DIET A 
High specification 

DIET B 
Low specification  

G8 
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Global market for Novacq technology  

 

Australia 

India        

   Indonesia 

  Vietnam         

Thailand         

2014 

 
 

2015 

Ecuador 

Mexico 

Saudi Arabia 



National and global focus  

 

Salmon Abalone Oysters 

Prawns 

Feeds 

Norway and Scotland  

   Chile 

Asia 

  Canada 

Middle East 

S. Korea 

USA 

Feeds 



Challenge 5.  Disease control via RNAi  

• Short pieces of double stranded RNA that are 
identical to parts of the viral genetic code 

 

Presentation title  |  Presenter name  |  Page 34 

Virus  DN

A 
RNA 



How do the anti-virals work? 

• The presence of short pieces of RNA blocks the 
replication of the virus  
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Virus  



How do we administer the anti-virals? 

http://images.google.com.au/imgres?imgurl=http://www.health.state.mn.us/divs/idepc/dtopics/stds/images/syringe.jpg&imgrefurl=http://www.health.state.mn.us/divs/idepc/dtopics/stds/mnpharmacy.html&h=346&w=300&sz=27&hl=en&start=1&tbnid=dbyUcYye3IKw0M:&tbnh=120&tbnw=104&prev=/images?q=syringe&gbv=2&hl=en&sa=G


Recent advances in shrimp anti-virals 

• Protection against viral disease demonstrated by tail-
muscle injection of dsRNA anti-virals 

Sellars, M.J., Rao, M., Arnold, S.J., Wade N., Cowley. J. 2011. Penaeus monodon is protected against gill-associated virus by muscle injection but not oral delivery of bacterially expressed dsRNAs. 

Diseases of Aquatic Organisms 95(1): 19-30. 
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saline injected, no challenge

saline injected, 1:3 challenge

dsRNA Luciferase injected, 1:3 challenge

dsRNA GAV injected, 1:3 challenge

Day of experiment 



We are now working on how to coat the anti-viral  RNA 
so that we can feed it to shrimp instead of injecting it 

Shrimp feeds 

Viral Immunity 

Fish feeds 

Identify viral 

genes 

 Produce  

anti-virals  

Coat 

anti-virals  

Coated  

anti-virals 
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1. Site selection 

2.  Infrastructure 

3. Domestication 

4. Sustainable feeds 

5. Disease control  

Grand challenges for coastal aquaculture  



CSIRO.   

 Thank you  


