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Satisfying the demand for food 
from aquaculture will largely 
depend on the availability of 
space for aquaculture! 

2.4 billion extra people, no more land: how 
will we feed the world in 2050?



Assessing opportunities for the global 
development of offshore mariculture

1. What?

2. Where?

3. How much?

4. When?
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Source: 
Kapetsky, Aguilar-Manjarrez and Jenness (2013) 
and 
Dean and Salim (2013).

Recently released FAO publications 

Source: 
Lovatelli, Aguilar-Manjarrez and Soto, eds. (2013).



STATUS OF INSHORE MARICULTURE
Intensity of mariculture production (2007-2011) in tonnes per kilometer of coastline 

and number of nations in the range



What does the present status of inshore 
mariculture indicate about its future potential for 

offshore mariculture?

Source: Aqualine, Yngvar Olsen

Large potential for both inshore and 
offshore mariculture



Where is offshore mariculture most likely to develop?

SPATIAL ESTIMATES FOR OFFSHORE 
MARICULTURE

200 nm 
(370.4 km) 



Blue mussel
Temperature: 2.5–19 oC 
chlorophyll-a: > 0.5 mg/m3

Atlantic salmon
Temperature: 1.5–16 oC 

WHICH species?
Which are the favorable conditions for grow-out ?

Integrated mariculture
Temperature: 2.5-16oC
Chlorophyll-a: >0.5 mg/m3

Cobia: 22–32 oC  



Satellite remote sensing provides a large range of observation data



Cobia
Temperature: 22–32 oC

Satellite-derived data and thresholds used to 
estimate near-future offshore mariculture potential

Blue mussel
Temperature: 2.5 –19 oC 
Chlorophyll-a: > 0.5 mg/m3



Technical considerations for cages and longlines

water depth: (25–100 m) & currents speeds: (10–100 cm/s)

Fish cages Longlines



Satellite-derived data and thresholds used to 
estimate near-future offshore mariculture potential

Currents speeds (10–100 cm/s) Water depth (25–100 m) 



WHERE AND WHEN will offshore mariculture first 
develop?

200 nm (370.4 km)

25 nm (47 km) 

Time-distance costs



HOW MUCH offshore potential is there 
globally?

Global area with offshore potential for cobia, 
Atlantic salmon, blue mussel and IMTA

Number of nations that have potential for 
offshore mariculture of cobia, Atlantic 
salmon, blue mussel and IMTA

Cobia Cobia
Atlantic 
salmon

Atlantic 
salmonBlue 

mussel
Blue 

musselIMTA IMTA

25 nm from port
Any distance offshore within EZZ

25 nm from port
Any distance offshore within EZZ



How were the estimates for offshore mariculture 
potential verified?

Areas with temperatures favourable for grow-out of cobia and depths and current speeds suitable for sea 
cages  compared with locations of cobia sea cage sites

Verifications of potential, Belize, Panama, Brazil and China

Verifications for Cobia

Verifications of potential 
for Cobia, in Belize



What is the near future 
offshore mariculture potential?

There are large areas globally 
for development of offshore 
mariculture 

Species Assumed 
production 

rate*

Total area 
suitable for 

development

5% 
developed

1% 
developed

(tonnes/km2) (km2) Area
(km2)

Production
(tonnes)

Area
(km2)

Production
(tonnes)

Cobia 9 900 97 192 4 860 48 110 040 972 9 622 008

Atlantic 
salmon

9 900 2 447 122 1 211 265 24 242 253

Blue mussel 4 000 5 848 292 1 169 600 58 233 920

Total 105 487 5 274 50 490 905 1 055 10 098 181



NEW OPPORTUNITIES FOR THE DEVELOPMENT 
OF OFFSHORE MARICULTURE

Increased depth

Source:  Neil Sims

Integrated mariculture



CLIMATE CHANGE
Projected changes in sea-surface temperature

Source: Kirtman et al. (2013).



Recent advances in remote sensing

Remote sensing satellites Drones



Estimates of monthly production of Cobia



Environmental monitoring
Harmful Algal Blooms

Video



Semi-automatic detection of marine fish cages
(Google earth engine example)

South East China Bay
Time series 2000-2016



Spacing between fish farms and other economic, cultural or 
ecological assets is of critical concern in determining where 
a farm is likely to succeed



Satellite remote sensing can support the development of 
appropriate disaster risk management interventions 

Timely access 
to satellite 
imagery can 
help assess 
damages in a 
post disaster 
situation



Governance in support of offshore mariculture

EUROPE
European framework for maritime spatial 
planning and integrated coastal 
management

UNITED STATES OF AMERICA
Fishery management plan for regulating
offshore marine aquaculture in 
the Gulf of Mexico



WHAT CONCLUSIONS CAN WE HIGHLIGHT 
FROM A GLOBAL PERSPECTIVE?

1. What?

2. Where?

3. How much?

4. When?



Source: Global Maritime, 2014

Ample opportunities for the development 
of offshore mariculture!

Improvements in technologies to greater 
depths

Changes in the ocean environment 
brought on by climate change

New opportunities



Engaging with other users of ocean space Results of spatial analysis of offshore 
mariculture potential should satisfy 
broader efforts for marine spatial 
planning

Gulf of Mexico

Source: Rester (2008)



Sustainable development for offshore mariculture
The future we want:  

Ecosystem approach to aquaculture & Marine spatial planning

Long-term sustainability! 


