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The Ocean Is Changing:
Temperature

CMIP5 ENSMN RCP8.5 anomaly (2050-2099)-(1956-2005)

Projected Changes in
Ocean Temperature by
the End of the 21st
Century in

Degrees Celsius

Graphic courtesy of
NOAA, USA
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The Ocean Is Changing:

pH

Projected Changes in
Ocean Surface pH
by the End of the

21st Century
SOURCE: IPCC 2013
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BUT Marine Aquaculture Is
Becoming More Important

® Capture production ® Aquaculture

Graphic courtesy of the U.N. Food & Agriculture Organization



Global View of the Largest Aquaculture Producers (2014)—Fish and Seafood
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Aquaculture Production:
Europe

Graphic courtesy of
the European
Environment
Agency



https://www.eea.europa.eu/data-and-maps/indicators/aquaculture-production-1/aquaculture-production-assessment-published-nov-2005

Aquaculture Production:
Australia

Graphic
courtesy of
La Tene Maps
for Fish
Farming International
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http://latenemaps.com/product/australia-marine-and-coastal-aquaculture/

Marine Aquaculture Production: l
United States o

Graphic courtesy of
NOAA



https://www.pinterest.co.uk/pin/332492384965598486/
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Aquaculture

and
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Graphic courtesy
of NOAA, USA
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Integrated Multli -Trophic

Aqguaculture

Another Way—Aquaculture as a Closed Nutrition Cycle
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If farmed fish are kept in nets or cages and actively fed €,
their excretions normaily cause the environment to
become overfertilized (eutrophication). The exception:
when other organisms on lower levels of the food chain
are kept downstream €. Shrimp, crabs, or sea cucumbers
kept in cages @ eat particles that sink to the bottom.
Mussels @ filter smaller particles out. Their excretions are
metaboiized by the algae and invertebrates.

Unlike conventional fish farming, so-called integrated
multitrophic aquaculture is an environmentally friendly
approach that actuaily takes the surrounding ecosystem
into account.

However, it represents only a marginal share of global
aquacuiture, and the use of fish oil and fishmeai remains
probiematic.




Integrated Multi-Trophic Aquaculture (IMTA) - Aquaculture multi-trophique intégrée (AMTI)

CONCEPTUAL MODEL FOR AN IMTA SYSTEM / MOOELE CONCEPTUTL DUN SYSTEME DamTi

Canada
Version of

IMTA In the
Ocean

Crgans Fune Particuliute Nutrbemts | S0t ) &
1) Ovgasic Lange Particalote Mutrionts | s



http://www.dfo-mpo.gc.ca/aquaculture/sci-res/imta-amti/images/imta-amti-007-large.jpg

Inherent Adaptabllity in Marine
Aquaculture from Variety of Species
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Graphic courtesy of the U.N. Food & Agriculture Organization
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https://fishfeedmachinery.com/Solution/commercial-aquaculture-in-Japan.html

2012 AQUACULTURE PRODUCTION VALUES
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https://www.undercurrentnews.com/2015/09/24/us-marine-aquaculture-growing-at-8-per-year/

EXAMPLE
Bahlndone~

Seaweed 0O IIIEin

Image court
Water Encyclc :

http:/ wwwwaterencvclop dia.com/ s
En-Ge/ Food -from -the -Sea.html



http://www.waterencyclopedia.com/En-Ge/Food-from-the-Sea.html

