SUSTAINABLE MARINE AQUACULTURE

AND
THE FUTURE OF SEAFOOD PRODUCTION
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SUSTAINABLE DEVELOPMENT AND
RATIONAL USE OF NATURAL, RENEWABLE
RESOURCES




CURRENT STATUS AND TRENDS IN
FISHERIES, AQUACULTURE AND HUMAN
POPULATION

——

 Human population >7 billion and will top 9 billion in a few decades.
* Need to produce 60 — 70% more food than is produced on earth today.
* Need economically and environmentally sustainable way to produce more food.



CURRENT PRODUCTION

World capture fisheries and aquaculture production

Million tonnes

160

140 BN Aquaculture production
B Capture production

Source: FAO, 2014



Where will we get our fish?

Fish consumption: increasing, world population growing
Overfishing: The fraction of stocks fished within sustainable levels continues to decline
Supply from capture fisheries remains nearly constant |

- Natural resources exhausted |

US imports 2/3 of seafood consumed, most of it farmed

US produces 3% of total world aquaculture production
US seafood trade deficit ~ $11 Billion /year and growing
Increases in seafood supply will not come from wild fisheries

Meanwhile...

World aquaculture production has been steadily increasing: |
»10% per year over the last decade / more than doubled last 15 years
» > 509% of seafood for human consumption...




Efficient Production of
Animal Protan

Farmed Fish vs. Meat Animal Feed Conversion Ratios

Sources: USDA, Aquamedia, HighQuest Research

Chicken Tilapia Salmon
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The Future of Seafood

GLOBAL SEAFOOD CONSUMPTION




US Seafood Industry

~$11 Billion / Year
Seafood Trade Deficit

U.S. SEAFOOD SUPPLY AND DEMAND:

PAST AND PROJECTED
(Round Weight)

Demand based on new dietary guidelines:
2 (4 oz.) seafood meals per week

Demand = Per capita consumption x population

U.S. Supply = Harvest - Exports




Do we know what we’re eating?

e 33% of fish on sale in the US is not the species it is sold as Seafood

» 80% of the red snapper sold in the US is not red snapper
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e 25% of cod and haddock sold in the UK is neither of these Your T e

« 7 out of 8 “wild salmon” sold in gourmet shops in NY are
farmed and the other one was a farmed escapee

Isn’t Tuna At All

THE BASA PHENOMENON (All over the world...)



Seafood Mislabeling

Mislabeling Among Most Commonly Sampled Fish Types

Mislabeled Correctly Labeled
snapper 161 | HES

o7 <
cod c2] I I

salmon 28 |

yellowtail 24 3

halibut 16| | |69

grouper 11 D:] 32
sole ol e 7

OCEANA

Chilean seabass 8 [D 13

seabass 9 D

Atlantic cod?

FDA Inspected
Product of Panama

Wild Caught Fresh
Grouper? Tilapia Fillets
Filetes de Tilapia Fresca
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10 MY THS
ABOUT US AQUACULTURE

10. The US doesn’t need aquaculture

9. Aquaculture uses more wild fish than it produces
8. Farmed fish isn’t safe to eat

/. Farmed fish are contaminated

6. Farmed salmon is full of “color-added” dyes

5. Farmed fish are full of harmful antibiotics

4. Fish waste from net pens hams the ecosystem

3. Aquaculture causes diseases in wild fish

2. Farmed salmon is full of sea lice

1. Farmed fish and shellfish doesn’t taste as good

Source: NOAA - http://www.nmfs.noaa.gov/aquaculture/homepage_stories/10myths.html
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SPECIES CURRENTLY AT UMEH

UNIVERSITY OF MIAMI
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Abmaco/yellowte
kahala, Kona Kampg
(Seriola rivoliana

AU

Pacific red snapper (Lutjanus peru) Yellowfin Tuna (Thunnus albacares)



AQUACULTURE DEVELOPMENT CYCLE

LEADS TO INDUSTRY
PARTNERSHIPS:
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COBI A (Rachycentron canadum)
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45 dph (11 cm TL)



Broodstock Collection




| ntensive L arviculture
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Mahi-mahi larvae 1 dph




End Products of Larviculture
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Goggle eye (18 dph)

25 dph Cobia Fingerling G.Partridge, 2010

i

Fully-weaned 30 dph Yellowfin Tuna at the

. _ IATTC Achotines Lab, Republic of Panama
Fully-weaned 34 dph Mahi-Mahi J. Stieglitz, 2012 D. Benetti, 2011




COMMERCIAL-SCALE PRODUCTION OF

High larviculture survival rates in Cobia:
15 - 35%

Consistent and reliable production



UM EH Nutrition Resear ch

Growth performance studies on various

size fish:

« Maximizing Fish Meal Replacement with
Soybean Meal and Non-GMO Soybean Meal

 Nutrient Requirements
Digestibility of proteins, amino acids,
lipids, and energy

Formulating and Developing Diets

Reducing Food Conversion Ratios
(FCRs) through optimized feeding
regimes




Developing Species-Specific Feeds:
Testing Ingredients and Diets




Optimizing Production Technologies Through
Physiological and Bioenergetics Research

« Ability to determine optimal culture
conditions throughout species lifecycle:

— Different physiological demands at different
life stages

« Improved economic and ecological
efficiencies
— Key to sustainability




Growout Systems. L and-based tank/ponds,
tradition net pens, or submersible cages




PROBLEMS: storms, predators, escapements,
diseases, red tides, mechanical & human failures, etc.




Offshore Aquaculture

 Oceans cover 2/3 of the Earth
 World’s waterways and oceans are underutilized resources






Advancements in Open Ocean Aquaculture

Automating open
ocean containment
systems

Cleaning and
selective harvest

Remote monitoring
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MODERN SURFACE SYSTEMSARE FLEXIBLE, CONFORM TO WAVES
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Collaborative Research With Industry Partners:
Open Blue Sea Farms, Republic of Panama




COBIA (Rachycentron canadum)
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OPEN BLUE SEA FARMS, REPUBLIC OF PANAMA







HARVESTING COBIA IN PANAMA




HIGH QUALITY
PRODUCT

COBIA FILLET
FRESH, NEVER FROZEN

$10.99 /b

Product from Panama, Processed in United States,
farmed

PLU: 9312 PRINTED: 03/13/14



MARICULTURE




ath Ocean Farms, Mexico

Earth Ocean

FaesRMS




RECIRCULATING AQUCULTURE SYSTEMS (RAS)
FOR MARINE FISH PRODUCTION

 Technological feasibility proven
* Next step Is commercial viability




Aqguaculture is a reality and it’s here to stay
o It’s.not whether, if or when
 Already represents > 50% of total
global seafood production.

I1t’s how and where it will be expanded:

e Traditional or new technology?
* Inland (RAS) / Coastal / Offshore?
e US or Abroad?

vKEY ISTO IMPROVE ECOLOGICAL AND ECONOMICAL
EFFICIENCIES SO IT CAN BE ENVIRONMENTALLY
SUSTAINBALE AND PROFITABLE



FISH FARMS TO PRODUCE NEARLY TWO THIRDS
OF GLOBAL FOOD FISH SUPPLY IN 2030
Source: World Bank, FAO, IFPRI (2014)
“Marine Harvest (salmon) has best quarter in history”

“Shrimp shortage boost: rcord prices and profits”
Aquaculture production st . Jroduction in 2013”
Aquacultu:re Proo ces more than 50% of st nan consumptio
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L INDICATORS POINT TO E’Xff?i-: _ENT OPPORTUNITIES
IN THE NEXT DECADES:

IVIAND MARKET, ENGINEERING, TECHNOLOGIES, ETC.
©  THE OUTLOOK ISABSOLUTELY BRIGHT

~ HOW WE CAN GROW THE AQUACULTURE
INDUSTRY IN THE UNITED STATES?



What Is Inhi:bi'iting The Domestic
Aquaculture Industry and How Can We Fix It?

Treat Aquaculture Industry aéf.th.e Agriculture Industry

— Must be an understanding and acceptéﬁbe that the start-up of an aquaculture operation
should be no different than any other agricultural operation.

Multidisciplinary research

— Needed to increase production efficiency, economic viability, and long-term
sustainability of operations. g

Development of clear regulatory and permitting pathways for the
aquaculture industry by government agencies.

The US is the most productive agriculture economy in the world.
— Terrestrial agriculture producers generate trade surplus of >$32 billion.
— Current seafood trade deficit of nearly $11 billion.

Source: Max Holtzman, USDA



How Does This Apply to South Florida?

Ft. Myers

* Restoration of Biscayne Bay _
 Coastal Wetlands Project sgoms |
 Oyster Reef Restoration h

e Stock Enhancement




South Florida Aguaculture

Opportunities:

o Land-based marine finfish culture
* Recirculating Aquaculture Systems (RAS)
e Aquaponics

 Combine aquaculture (fish production) and
hydroponics (plant production in water)

e Ornamentals

 Warm, stable climate and proximity to
international airports

Economic Benefits:
e Jobs
o Efficient use of agricultural lands
e High value products
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University of Miami Aquaculture Program website:
http://www.umaquaculture.com/people.html 3}




