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From National Geographic





Aquaculture
The World Bank 

Aquaculture is projected to be the prime source of seafood by 2030, 
as demand grows from the global middle class and wild capture 
fisheries approach their maximum take. When practiced responsibly, 
fish (shellfish) farming can help provide livelihoods and feed a global 
population that will reach nine billion by 2050. But for an aquaculture 
system to be truly sustainable, it must have:     

 • Environmental sustainability — Aquaculture should not create 
significant disruption to the ecosystem, or cause the loss of biodiversity 
or substantial pollution impact. 
 • Economic sustainability — Aquaculture must be a viable business 
with good long-term prospects. 
 • Social and community sustainability — Aquaculture must be 
socially responsible and contribute to community well-being. 

Sustainable aquaculture is a dynamic concept and the sustainability of 
an aquaculture system will vary with species, location, societal norms 
and the state of knowledge and technology.  







From National Geographic





Sustainability: 
Challenges

Aquaculture,	The	Blue	Biotechnology	of	the	Future	

Patrick	Sorgeloos	

World	Aquaculture,	2013

http://www.gizmag.com/
fishless-fish-feed/28615/

Turning Carnivorous Fish into Vegetarians 

Fillet Contaminants 
PCB 5X Lower 

Mercury 4X Lower 
FCR 1.46



Taurine  

The missing ingredient for 

development of fish free diets for 

aquaculture? 

Aaron Watson, Ph.D. Rick Barrows, Allen R. Place 

Institute of Marine and Environmental Technology 
University of Maryland Center for Environmental Science







Growth rate of gilthead seabream in an 

urban recirculated mariculture facility

Daily saltwater use <0.1%  
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450 gr (1 lb) @ 9 months 2 tons produced; 

99% survival

Density:

73 kg/m3 = 

0.61 lb/gal.

Average FCR: 1.2

Saltwater use: 

16 liter/kg fish = 

1.9 gal./lb fish

Harvest 

(8.4 months)



Sea Bream Performance on Experimental Feeds Prior to “Recovery” Phase

Feed Conversion Ratio = Food Fed/ Weight Gained

Specific Growth Rate = ((lnBWF-lnBWI)*(days of growth trial-1))*100

Sea Bream trial ran 88 days prior to this sampling (starting weight 11g)

	

Plant Protein: 

Fish Oil

Plant Protein: Microbial 

Single Cell

Plant Protein: 

Canola Oil + EFA 

	 Sea Bream Sea Bream Sea Bream

% Wt Gain (Final Wt) 696 (93) 786 (111) 680 (95)

Feed Conversion Ratio 1.36 1.27 1.37

Specific Growth Rate 2.36 2.48 2.36

Survival 100% 100% 100%

% Lipid (Fillet) 14.46 ± 3.93 15.28 ± 4.54 16.33 ± 4.50





Human Health  Impact Toxigenic Phytoplankton Toxin

Amnesic Shellfish Poisoning Pseudo-ntizschia Domoic Acid

Neurotoxic Shellfish Poisoning Karenia brevis
Brevetoxin and 

congeners

Paralytic Shellfish Poisoning Alexandrium sp.
Saxitoxins and 

congeners

Diarehetic Shellfish Poisoning Dinophysis sp.
Okadaic Acid and 

congeners

Ciguatera Fish Poisoning Gamiberdiscus sp. Ciguatoxin/Maitoxin





Domoic	Acid	is	Pervasive



Pseudo-nitzschia (domoic acid)

● Since first identified in 1991, periodic closures of 
shellfishing 

● Severity of annual blooms highly variable but 
unprecedented coastwide closure in 2015 

● Forecasting movement from “hotspots” important 

● Linkage to warm ocean (Climate Change)

Shellfish closures in OR

Temperature

Climate index

McKibben et al. 2017. PNAS 



HABs	Effects	on	Fisheries



Feed the Players and The Toxins

Anabaena

Microcystin-LR

Very Fast Death Factor





Too Much of A Good Thing





Remote Sensing to the Rescue
Examining	and	Forecasting	
Characteristics	of	the	Annual	
Cyanobacterial	Bloom	in	Lake	Erie	
with	a	mechanistic	model

R.P.	Stumpf,	E.	Davenport,	T.T.	Wynne,	
M.C.	Tomlinson	
NOAA	NOS	Natl	Centers	for	Coastal	Ocean	
Science	
D.	Dupuy	CSS-Inc.,																		
Laura	Johnson	Heidelberg	U.	

Sep	26,	2017		

Landsat	OLI

Western	Lake	Erie	

basin	(WLEB)

Tom	Henry,		Toledo	Blade



Cell	abundance	from	satellite

2017	Sep	22	

Sentinel-3

Data	derived	from	Copernicus	

Sentinel-3	provide	by	

EUMETSAT

Sources	

MERIS:		2002-2011	

MODIS:	1999-2001,	

2012-2017	

Sentinel-3:	2017Lunetta	et	al.	2015,	RSE	

After	Wynne	et	al.,	2010	L&O

104	cells/mL

105	cells/mL

106	cells/mL

CI	(cyanobacterial		



The IFCB to the Rescue! 



The IFCB is essentially an automated microscope and image classifier 





Take Home Lessons

• Aquaculture has the potential to feed the 
world 

• Must be done in environmentally and 
economical sustainable manner 

• Harmful Algal Blooms could prevent 
aquaculture from reaching its true potential

Limiting Resource


