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Responsibility

Land-use e�ciency study puts
aquaculture on a pedestal

4 June 2018
By Tim Sprinkle

With mounting pressure on natural resources, NCEAS
compares �sh farming to terrestrial agriculture

(https://gsa.rakadev.com)
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Aquaculture is the future of food.

At least, that was the conclusion of a recent study (http://www.pnas.org/content/115/20/5295)
conducted by the National Center for Ecological Analysis and Synthesis (NCEAS) and published in the
Proceedings of the National Academy of Sciences of the United States of America. Focused on land-
use implications (http://www.pnas.org/cgi/doi/10.1073/pnas.1801692115) of traditional, terrestrial
meat production, the study found that aquaculture can, if carefully planned and implemented, meet the
protein demands related to the growing global population without causing additional strain on land,
water or our other natural resources.

In fact, the industry can play a major role in reducing the footprint needed to produce food in the future,
creating a more sustainable food system for us all.

Who knew?

“We were motivated by the larger global considerations and challenges of the ever-growing human
population and our dependency on land to produce that food,” explained lead author Halley Froehlich, a
postdoctoral researcher at NCEAS, which is part of the University of California at Santa Barbara. “There
is a �nite amount of that resource. So, what does that mean for sustainability and larger conservation
considerations?”

NCEAS researchers compared today’s land-use needs for terrestrial meat production to a potential
future in which aquaculture provides the additional protein that the population will need by 2050. They
found that large-scale adoption of aquaculture could save as much as 1.8 billion acres of land
worldwide – an area equal to twice the size of India – freeing that land up for agriculture and other
productive uses.

A recent study by the National Center for Ecological Analysis and
Synthesis focused on land-use implications of traditional, terrestrial
meat production versus carefully planned and implemented
aquaculture. Photo by James Wright.

http://www.pnas.org/content/115/20/5295
http://www.pnas.org/cgi/doi/10.1073/pnas.1801692115
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And we wouldn’t even need to give up meat entirely to get there.

“For land-based production, there’s a wide range of plausible futures, so how from a terrestrial
perspective can we meet our needs? You can increase land e�ciencies of the crops you’re growing; you
can increase irrigation; you can increase the e�ciencies of the terrestrial-based animals,” said
Froehlich. “But nobody had thought in a broader sense how aquaculture �ts into that portfolio of
solutions. By no means is this the only possibility or a silver bullet for solving what’s coming down for
our consumption demands, but it’s de�nitely part of the discussion that we should be having and that
hasn’t really been had up until this point.”

A changing planet
The time to start talking about this now, Froehlich and others argue, because humans may soon run out
of food, or their ability to produce it.

According to the Food and Agriculture Organization of the United Nations, food producers will need to
more than double production (https://www.un.org/press/en/2009/gaef3242.doc.htm) from current
levels by 2050 in order to meet new the demand for protein from the world’s growing population, which
is on track to top 10 billion in that time, along with that population’s improved quality of life. But the
planet is running out of arable land, which is down by roughly a third
(https://www.theguardian.com/environment/2015/dec/02/arable-land-soil-food-security-shortage)
in the last 40 years due to erosion, pollution and other factors.

While there is some debate on these �gures – they tend to range from an increase of 20 percent to 100
percent more food production over the next 30 years – the fact remains that current food production
patterns focused on large-scale terrestrial agriculture and ranching are unsustainable.

The problem is twofold: Cattle, in particular, need space. It takes as much as two acres of land to
pasture feed a cow for a year. And cows are ine�cient protein producers
(https://www.beefusa.org/CMDocs/BeefUSA/Resources/cc2012-Beef-Feed-E�ciency--Dan-Shike.pdf),
ingesting more than six pounds of feed and eight gallons of water for every pound of meat that they
produce, a �gure known as the feed conversion ratio (FCR). Chicken and pigs are a little better, at 2 and
3.5 per pound of �nished product, respectively. FCRs are related to land use because one-third of the
planet’s arable land (https://www.smithsonianmag.com/travel/is-the-livestock-industry-destroying-
the-planet-11308007/) is currently being used to produce crops for livestock feed, a number expected
to rise as demand increases.

The aquaculture advantage
Farmed �sh, on the other hand, are a vastly more e�cient (https://www.skretting.com/en-
AU/faqs/how-much-feed-is-required-to-grow-a-farmed-�sh/) source of animal protein, at just 1.15
FCR for a Norwegian Atlantic salmon, 1.5 for an Australian barramundi, 1.1 for tilapia and so forth.
What’s more, although aquaculture does put pressure on certain land-based crops for some feed
production, such as soybean meal and soy-based additives, the relative need for them by the industry is
much lower than for terrestrial-based production.

“It really comes down to the organisms being what they call poikilotherms, so they really depend on the
temperature surrounding them to dictate how e�cient they are,” said Froehlich. “They don’t have to
work very hard to stay warm because it will be dependent on their environment, versus animals on land,
which have to regulate their own temperature because they’re birds or mammals.”

https://www.un.org/press/en/2009/gaef3242.doc.htm
https://www.theguardian.com/environment/2015/dec/02/arable-land-soil-food-security-shortage
https://www.beefusa.org/CMDocs/BeefUSA/Resources/cc2012-Beef-Feed-Efficiency--Dan-Shike.pdf
https://www.smithsonianmag.com/travel/is-the-livestock-industry-destroying-the-planet-11308007/
https://www.skretting.com/en-AU/faqs/how-much-feed-is-required-to-grow-a-farmed-fish/
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Fish also live underwater, and as a result are very e�cient at converting feed into biomass in
comparison to animals that live on land.

“Land animals have to �ght gravity, so they have thick bones and stronger muscles,” explained study
co-author Dr. Ben Halpern, director of NCEAS and professor at UCSB’s Bren School of Environmental
Science and Management. “That’s a whole lot of biomass needed just to stand up and walk around,
and it’s stuff that can’t be eaten. So you’re putting a lot of energy into growing an infrastructure of the
animal. Whereas in the ocean you don’t have to do any of that, so �sh put much more of their energy
from food into things that we can then eat.”

The biodiversity of aquaculture is another advantage for the industry, as species like bivalves don’t
necessarily require any direct feed input at all, further reducing their land use footprint. The NCEAS
study assumed a 25 percent contribution from mollusks in its �gures.

Looking ahead
The researchers didn’t issue any speci�c guidance as part of their work, or look at the land-use
implications of aquaculture facilities themselves, but their hope is that their �ndings will inspire others
to take action.

“We don’t really know what people will want to eat in 2050 or exactly how many people will be on the
planet,” said Halpern. “But we know there’ll be a lot more people and we know they’re going to want
more protein in general.”

Their idea wasn’t to try to predict what the future would look like but to make a point that there are
some signi�cant land-use implications for a future where people continue to eat a lot of beef and pork
and chicken versus a future where people eat more farmed seafood.

“Putting more emphasis on growth and production around aquaculture can really help alleviate some
of the future pressures on land use and land conservation that come from food production,” he said.

Follow the Advocate on Twitter @GAA_Advocate (https://twitter.com/GAA_Advocate)
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