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spread disease among wild fish while re-
leasing waste into coastal waters. Man-
grove forests, which provide a valuable
habitat for coastal life, have been razed to
make way for Thailand’s shrimp farms. Es-
pecially troubling, many of the most popu-
lar farmed species are carnivores, meaning
they need to be fed at least partly with
other fish. By one count, about 2 Ib. of wild
fish ground up to make fish meal is needed
on average to produce 1 Ib. of farmed fish,
which leaves the ocean at anet loss. “Aqua-
culture’s reliance on fish meal and fish
oil is a major concern for marine conser-
vation,” says Sebastian Troeng, a marine
expert with Conservation International.
But unless you can convince 1.3 billion
Chinese—not to mention everyone else in
a growing world—that they don’t deserve
the occasional sushi roll, aquaculture will
keep growing. As it does, it will need to
become more efficient and less polluting.
The good news is that the industry is im-
proving. More farmable but less familiar
specieslike the barramundi—which yields
more protein than it takes in as feed—may
have to supplement popular fish like cod
that haven’t taken as well to aquaculture.
We may even need to genetically engineer
popular species to make them grow faster
and bigger. And perhaps most of all, we need
to accept that on a planet with a population
of nearly 7 billion and climbing, we may no
longerbe able toindulge our taste for the last
wild food. We've farmed the land. Now we
have little choice but to farm the sea as well.

Aquaculture and Its Discontents

TO THE AVERAGE SHOPPER, FARMED FISH
is barely distinguishable from its wild
cousin—except, often, in price. Without
the growth in aquaculture, many of our
favorite kinds of seafood would likely
be much more expensive than they are
now. And chances are, you get what you
paid for: farmed seafood can be inferior
to wild fish in taste and may not always
have the same nutritional value. Salmon
raised in an aquaculture environment,
for instance, often have lower levels of
cardiovascular-friendly omega-3s than
wild fish, and farmed fillets would actu-
ally be gray without a pink chemical dye.
Andif you're eating farmed seafood, you're
almost certainly getting it from overseas:
U.S. aquaculture accounts for just 5% of
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Americans’ seafood consumption. The
Monterey Bay Aquarium’s Seafood Watch
program mostly discourages consumers
from choosing farmed fish, both for health
reasons and because of worries over the
environmental impact of aquaculture.
“There’s areal difference in the regulation
youmight seein other countries compared
with the U.S.,” says Peter Bridson, Mon-
terey’s aquaculture-research manager.

At the same time, it’s important to look
at the big picture. For health reasons, most
of usshould be eating more fish. Foritsnew
dietary guidelines, the U.S. government
justupped the recommended consumption
of seafood to 8 oz. or more a week—which
ismore than twice what the average Ameri-
can eats—and 12 oz. for pregnant women.
In areport this month, the U.N. said global
food production would need to increase by
as much as 100% by 2050 to meet growing
demand—and seafood, as a vital protein
source, will have to be part of that. Farming
is unavoidable. “There may be a price split
between expensive wild fish and cheaper
farmed fish,” says Don Perkins, head of the
Gulf of Maine Research Institute. “But sea-
food consumption will spread because we
need it for health reasons.”

To understand global aquaculture—its
potential and its problems—it helps to look
at the industry’s track record in China, a
country responsible for 61% of the world’s
aquaculture. China has begun exporting
industrially produced catfish, shrimp
and tilapia in recent years. As production
pressures have ramped up, Chinese manu-
facturers have packed their ponds more
tightly, leading to disease and pollution
from fish waste. That waste can overload
coastal waters with nutrients, causing
dead zones that can strangle sea life. To
fight the diseases worsened by crowding,
Chinese fish farmers have liberally used
antibiotics and other drugs, including
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ATLANTIC SALMON Sarme 90% of what
arrives at tables comes from farms—
more than 1.4 million tons each year

BARRAMUNDI COnly about 50,000 tons
are farmed annually, but production
has doubled over the past 10 years

COMMON CARP Anniual farm production
is above 3.2 million tons, mostly in China

OYSTERS, MUSSELS They account fora
quarter of aquaculture production—
more than 13 million tons each year

SHRIMP More than 1.3 million tons are
farmed each vear—about 40% of the
shrimp consumed globally

TILAPIA This fish’s vegetarian diet makes it
ideal for sustainable aquaculture. Annual
farm yield: more than 2.5 million tons
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malachite green, an antifungal agent and
potential carcinogen that was banned by
Beijing in 2002 but shows up periodically
inexports. “Itis still a problem,” says Wong
Ming Hung, a biology professor at Hong
Kong Baptist University.

While China remains a laggard on
safety—though expertssayits fish-farming
industry is improving as it matures—
there’s no denying that aquaculture can
be messy. A badly run near-shore farm of
200,000 salmon can flush nitrogen and
phosphorus into the water at levels equal
to the sewage from a town of 20,000 people.
But for all that, fish farming’s bad reputa-
tionisn’tentirely deserved, especially ifit’s
compared with farming on land.

Farmers have had thousands of years to
improve agricultural methods and breed
domesticated animals like cows and pigs
with maximum efficiency. And industrial
agriculture can be polluting: the dead zone

in the Gulf of Mexico is due largely to fer-

tilizer runoff from the Midwest. Modern
aquacultureisjustafew decadesold,and as
producers have become more experienced,
they’ve cut down on pollution and bred
more-efficient fish. Many environmental
groups that once opposed aquaculture now
seek to work with the industry. The World
Wildlife Fund (WWF) is leading the way
in this effort, helping develop sustainabil-
ity standards for farmed species. “Our in-
dustry is under a lot of scrutiny, and we’re
doing our best to alleviate those worries,”
says Nell Halse of Cooke Aquaculture, a
major producer in Canada and the U.S.

And no matter how much room the in-
dustry has for improvement, aquaculture
usually putsless stress on the environment
and requires less caloric input to yield a
pound of protein than meat production.
Part of that is simply a result of biomechan-
ics and metabolism. Unlike land animals
raised for food, fish are cold-blooded and live
in the water, which means less of their feed
is wasted—from our point of view—being
burned as energy to keep warm or to build
bone. Fish farmers had the bad luck to come
along after industrial meat production was
well established, and the new guy on the
block gets more scrutiny. “We have to ad-
dress the environmental and social issues,”
says Jose Villalon, director of the WWF’s
aquaculture program. “But aquacultureisa
good tool to deal with food security.”

‘THE WILD
STOCKS ARE NOT
GOING TO KEEP
UP. SOMETHING
ELSE HAS TO
FILL THAT GAP.

—STEPHEN HALL, DIRECTOR
GENERAL OF THE WORLDFISH CENTER

One way to address those issues is to
build an aquacultural system that mim-
ics nature, in which the waste produced by
farmed fish is put to use. Thierry Chopin,
abiologist at the University of New Bruns-
wick, wants to take advantage of that
principle with his integrated multitrophic
aquaculture (IMTA). In an IMTA loop, spe-
cies like salmon and shrimp are raised less
densely than in conventional aquaculture,
together with seaweed and shellfish like
mussels. The waste from the farmed spe-
cies fertilizes the seaweed, which can be
harvested for use in fish feed. The mussels,
which are filter feeders, can gobble waste
in the water, preventing pollution from
building up. The result is more biomass
and less waste—just as nature intended.
“If it functions as an ecosystem does,” says
Chopin, “then it functions right.”

Even an aquacultural system more in
tune with nature still faces essential chal-
lenges, including the feed-ratio problem.
When producers began raising fish inten-
sively, they picked species that people like
to eat: salmon and sea bass. But those spe-
cies are high on the food chain, and rais-
ing them on a farm is a bit like trying to
domesticate tigers. The aquaculture indus-
try has gotten better at replacing fish meal
with plant-based feed, but not fast enough.
You're not feeding the world sustainably if
youneed to remove the base of the marine
food chain to do it. “The question of what
the fish will eat is central to aquaculture,”
says Australis’ Goldman. “We can’t grow
on the back of small forage fish.”

AFish and a Dream

THE ANSWER MIGHT BE SIMPLY TO FIND
a better fish, one more suited to farming.
This is exactly what Goldman set out to
do. He got into aquaculture in the 1980s as

acollege student and had a tilapiafarming
operation for a few years. But while tilapia
are more sustainable than many other fish
because they’re vegetarians, they lack the
high amounts of omega-3 oils that make
salmon so heart-healthy. Goldman tried
striped bass but found them too fussy to
raise. It wasn’t until a chance encounter
with an Australian entrepreneur that he
found his dream fish: the barramundi.

As afarmed species, the barramundi is
just about perfect. It can survive in a wide
variety of environments and lays eggs fre-
quently. It has a flexible diet, and much
like its fellow Australians, it is laid-back
by nature, so it can endure the rigors of

farming. Goldman launched Australisin |

Turners Falls in 2004 and was producing
barramundi commercially by 2005. The
fish is rich in omega-3 oils; Dr. Oz named
it one of his top superfoods in 2010. Less
than 20% of the barramundi’s feed at Aus-
tralis comes from fish meal and fish oil—a
better percentage than for many farmed
salmon, which can require as much as
50% of their feed from fish meal. The Turn-
ers Falls operation is an indoor, closed
recirculating system, so there’s little
waste, little risk of disease and no threat
that the barramundi will escape into the
wild. Plus, barramundi tastes good, with
the flaky mouthfeel of the better-known
sea bass. Goldman’s real challenge is con-
vincing Americans—with their appetite
for shrimp, tuna and salmon—that they
should eat an unfamiliar Australian fish.
“Selling it as sustainable helps,” he says.
“But once they try it, people like it.”
Australis’ barramundi has become so
popular, in fact, that Goldman has expand-
ed production—but not in Massachusetts.
While the closed recirculating system he
uses in Turners Falls is an environmental-
ist’s dream, Goldman eventually wanted
to reach a larger market at a lower cost, a
step that he decided required an outdoor
operation on the central coast of Vietnam.
That branch, where barramundi are raised
in sea cages in a protected bay, isn’t quite
as green as Turners Falls, but it’s cheaper.
Land-based systems may work for
more premium species, and they offer the
chance to raise fish close to cities. In New
York State, for instance, a company called
Local Ocean produces indoor-farmed
sea bass and flounder two hours from
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Manhattan. But such systems are still
more experimental than economical. “As
much as the NGOs would have loved it,
[Australis] just couldn’t meet the econom-
ics of an expensive indoor environment,”
says Goldman.

Rise of the Frankenfish

MANY NGOS WOULD ALSO LIKE US ALL
to choose farmed fish more judiciously,
selecting sustainable species low on the
food chain. There’s not a lot of evidence
that’s going to happen, however. But if we
won't always choose the fish that take bet-
ter to farming, another option is to take
the fish we like and engineer them into
sustainability. Fish farmers have been do-
ing that quite naturally for the past few
years, breeding salmon and other species
so they grow faster and require less fish
meal—something farmers on land have
done for hundreds of years with cattle, pigs
and chicken. The Massachusetts-based
biotech company AquaBounty wants
to take that breeding process a step fur-
ther by genetically engineering Atlantic
salmon that can grow up to twice as fast
as conventional fish. Its product, the Aqu-
Advantage salmon, contains a gene from
the chinook salmon, a larger cousin that
lives in cold northern waters. That gene
activatesa growth hormone, with obvious
commercial benefits for farmers who want
to get their fish to market weight quickly.
“America imports its seafood at the cost of
a huge carbon footprint,” says Ronald Sto-
tish, AquaBounty’s CEO. “This could make
it economical to raise land-based salmon
domestically. This is sustainability.”

Under the sea At Australis’ coastal
Sacility in Vietnam, raising barramundi
is cheaper but less green than it is indoors

The Food and Drug Administration
convened a panel of experts last fall to
review the genetically modified (GM)
salmon, and they were mostly satisfied
with AquaBounty’s proposal. But while
the FDA hasn’t yet decided whether to ap-
prove what would be the first genetically
modified food animal, most environmen-
tal groups are staunchly against what
they’ve termed the Frankenfish. They
worry about the possible effect on human
health, and they’re concerned that if GM
salmon escape into the wild—as conven-
tionally farmed salmon do all the time—
they might outcompete wild salmon.

While AquaBounty has pledged to
ensure that the GM salmon will be kept
sterile and produced in confinement, crit-
ics fear that something will go wrong. (As
a government scientist wrote in a leaked
e-mail, “Maybe [the FDA] should watch
Jurassic Park.”) “Absence of evidence does
not mean evidence of absence,” says Zach
Corrigan, fish-program director for Food &
Water Watch. “The regulation isn’t there.”

Even if GM salmon doesn’t succeed in
North America, it might find a home in
China or another fish-hungry country
where knee-jerk resistance to transgenic
technology isn’t so strong. And newer,
better GM fish are being engineered in
labs right now, including a transgenic
trout that can pack on 15% to 20% more
muscle than a conventional fish. But the

very fact that we can ponder these issues
shows how much our relationship with
the last wild food has changed. For thou-
sands of years, fishermen risked the el-
ements to bring back the bounty of the
sea. Fishing is the deadliest jobin the U.S.:
in 2009, 0.2% of fishermen died hauling
in our seafood, compared with 0.01% of
miners who died on the job. But that dan-
gerisalso part of the allure, as the success
of TV shows like The Deadliest Catch and
books like The Perfect Storm demonstrates.
“Fishermen are the last commercial hunt-
ers in the world,” says Sebastian Belle,
director of the Maine Aquaculture Asso-
ciation, who has seen unemployed New
England fishermen take up aquaculture.
“They had the excitement of never know-
ing what they were going to get.”

With 7 billion people, however, the
planet doesn’t have much space for such
freedom. It’s not that commercial fishing
will disappear; in fact, sustainable fisher-
ies like Alaska's wild-salmon industry may
even produce boutique foods, finally earn-
ing what they’re worth. There’s no doubt
thatsomething will be lostin the transition
to mass aquaculture, as fish—the last true
wild food—are domesticated to support
human beings, in much the same way we
tamed cattle, pigs and chickens thousands
of yearsago. Butif we're all going to survive
and thriveinacrowded world, we'llneed to
cultivate the seas just as we do the land. If
we do it right, aquaculture can be one more
step toward saving ourselves. And if we
do it well, we may even enjoy the taste of
it.—WITH REPORTING BY AUSTIN RAMZY/
BEIJING AND ROBERT HORN/BANGKOK W
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