
Advancing Aquaculture in a 
Changing World



Consumers want:
• Healthy
• Nutritious
• Convenient
• Variety
• Value
• Sustainability 
• Safe



Population       3 Billion 7 Billion

146.3 MT; 20.1Kg 
7.3 Billion (2014)



9.7 Billion people 

64%

36%

50%

50%



Aquaculture Production Worldwide 

91% of all 
aquaculture is 

produced in Asia



Fisheries & Aquaculture = 167 M Tons (2014)

Fisheries
(M Tons)

Aquaculture
(M Tons)

Inland 12 47

Marine 81 27

Totals 93 (56%) 74 (44%)
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Inland (47 Million Tonnes)
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Marine and Coastal (27 Million Tonnes)

Finfish Mollusc Crustaceans Other

World Aquaculture Production 2014 (FAO)



Offshore Aquaculture
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Marine Cage Aquaculture

USA Norway USA

Scotland Spain Ireland

AustraliaMexicoChina





Freshwater Institute 
Shepherdstown, WV

USDA National 
Center Cool & 
Cold Water 
Aquaculture 
Research
Leetown, WV



What does it mean to increase the aquaculture 
footprint in the coastal zone



Expanding Offshore Aquaculture –
What is needed?

• Siting Aquaculture Enterprise 
• Monitoring the Environment (HABs, water 

quality parameters including nutrients, 
weather, oil spills, chemical and toxins, 
pathogens)

• Monitoring Aquaculture Enterprise (nutrient 
pollution, feeds, pathogens, escapees, 
location)

• Selecting Species for Local Conditions 
(genomics, domesticated breeding) 





Siting Offshore Farms
• Use temporal and spatial observing data 

systems to refine ocean circulation models
– Agency and industry data

• Outcomes from disasters provide additional 
models (e.g., Deep Horizon Oil Spill)

• New offshore aquaculture ruling in Gulf of 
Mexico



 Building the Coastal Aquaculture Planning Portal/Toolbox

 National Guidelines for Environmental Monitoring

 Global review of aquaculture environmental models

 SAV interactions with shellfish aquaculture

 Eutrophication management and shellfish culture (Bricker/CCMA)

National Projects

K. Riley, NOAA



Monitoring the Environment

• Ocean observing systems are used to monitor 
the environment (sea level rise, environmental 
changes, weather)

• Environmental tracking – (Vibrio and other 
pathogens, nutrient loading, temperature, 
salinity, acidification, phytoplankton)





The Indian River 
Lagoon Observatory 

Network (IRLON)





Monitoring 
Aquaculture

• Water quality
• Entanglements
• Escapements
• Algal blooms
• Food wastage
• Nutrients
• Cage location



Farmed Salmon





Chile HABs warning system  project
objective: Develop a prototype 
early warning system for algal 
blooms in the Southern regions (X, 
XI and XII)

A. catenella
outbreaks

A. Stevens, CSIRO 



Integrated Systems 
Modelling of 
Aquaculture

A. Stevens, CSIRO 



Shellfish Farms

SPAT, Inc. / SkyBandit Media





satellite mission



satellite mission

Sustainable 
Fisheries

Harmful Algal 
Blooms

Coral reef
conservation

Habitat 
management

Climate

Water quality

Ocean 
acidification

Eutrophication

Particle science





Wellfleet, Massachusetts

Unoccupied Aircraft Systems Give 
New Perspectives of Aquaculture

SPAT, Inc. / SkyBandit Media



What does the future look like?
--to meet the growing seafood needs--
• Move from hindcast to forecast models 

(mitigation, emergency harvests, healthy & 
safe seafood)

• Integrated aquaculture systems
• Selecting species for local conditions 
• Sustainable aquaculture 

– For the environment
– For food security
– For consumer confidence



Integrated Multi-Trophic Aquaculture



Seaweed Culture



Ocean Frontier

Sustainable 
Intensification
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