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Marine scientist's quest to save coral

June 9 2014, by Bjorn Carey

Steve Palumbi stresses coral in special tanks to identify species with the best heat
resistance.

More than half the world's coral reefs have died since the dawn of the
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industrial age, due to human activities and ever increasing ocean
temperatures. Stanford's Steve Palumbi has a plan for bringing them
back to life.

Just around the corner from Steve Palumbi's office at Stanford's
Hopkins Marine Station is a small, unmarked room with white cinder
block walls. The metal shelves are coated with the white crust that metal
grows when it's exposed to a salty breeze, and are stacked high with fish
tanks that fill the room with a constant gurgle.

There are no fish in these tanks, though, just thumb-size chunks of
colorful coral, carefully arranged in grids. Next to the tanks are
collections of lighting equipment, fans, power converters and other
electronic gear. It's part pet store, part mad scientist's laboratory.

"Welcome to the 'Monterey Bay coral reef," said Palumbi, the Harold
A. Miller Professor in Marine Sciences and a senior fellow at the
Stanford Woods Institute for the Environment.

Although corals play a starring role in vacation photo albums, their
importance to global ecosystems and economies is often overlooked.
Worldwide, coral reefs provide an estimated $30 billion net economic
benefit each year. A healthy coral reef provides a home to thousands of
organisms, which island subsistence communities rely on for the bulk of
their diet. A reef's mere presence can quell the waves whipped up by a
surging storm, thereby guarding low-lying coastal towns from flooding.

Unfortunately, the corals in Palumbi's lab are in much better shape than
those in the oceans. Scientists estimate that 30 to 60 percent of all the
coral reefs on the planet have been wiped out since the industrial
revolution. As human-caused climate change has warmed the oceans,
huge swathes of rainbow-colored coral that can't withstand the heat have
died and turned white, a process known as bleaching. At the same time,
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the uptick in carbon dioxide in the atmosphere has turned the oceans
more acidic, which has slowed coral growth rates.

With ocean temperatures expected to increase an additional 2 to 4
degrees Fahrenheit over the next century, scientists generally predict a
very gloomy future for coral. Palumbi, however, is more optimistic.

"The thing corals have going for them is that they make rock and they're
capable of growing islands, entire structures that you can see from
space," Palumbi said. "If we can find a way to help them do that, then
we've got a leg up and can help that future be better."

And here, in this cinder block closet, Palumbi and his students might
have found a way to do just that.

The discovery

Palumbi is a card-carrying ocean lover. He began raising tropical fish in
elementary school and was a frequent visitor to the local aquarium. By
high school, he had filled his parents' basement with fish tanks and was
selling rare species to the local pet store. He fell in love with corals
during a summer research trip to Jamaica as an undergrad at Johns
Hopkins University. "I went to work every morning on the same reef and
got to know it extremely well, all the corals, sand channels and sheer
walls," Palumbi said.

Even his band is ocean themed: Sustainable Sole has written and
recorded several songs about the behavior of marine animals and the
pressures they face, including "Crab Love" and "The Last Fish Left."

"Give him a mask and a snorkel, and he's the happiest guy in the world,"
said Rachael Bay, one of Palumbi's graduate students and a research
collaborator.
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For the past several years, Palumbi has been studying two particular
coral populations in a lagoon along the white sandy beaches of Ofu, a
small island in American Samoa.

One population of Acropora hyacinthus coral — dubbed "table top coral"
for its round, flat appearance — grows in water that often hits the high
80s Fahrenheit, which is warm for corals, but not unusual. The other
reef, composed of the same species, rests just a few hundred yards away,
but the water here doesn't mix as much with the cool incoming tides, and
so it commonly reaches 95 F. That's well warmer than corals can
typically survive; hotter even than what most climate models project for
the world's oceans in the next century.

And yet, these corals thrive.

"They're actually doing better under heat stress because they've adapted
to express genes that produce proteins that protect them against the
physiological damage of the heat," Palumbi said.

When Palumbi and his colleagues transplanted coral from the cooler
pool into the hotter one, those corals died. Genetic testing revealed that
although they possessed the same DNA code to produce the protective
proteins, they didn't activate it in time to withstand the warmer
temperatures.

So Palumbi and his colleagues tried something slower. They moved cool
corals into the hotter pool in winter, giving the little colonies a few
months to acclimate to this water before the heat of summer. These
corals survived. Subsequent genetic tests revealed that these survivors
had activated the genes necessary for producing the protective proteins.
Then the scientists repeated this in the lab — a complex snarl of tubes and
pipes set up on the beach in American Samoa. In this careful setting they
showed corals could gain heat resistance in as little as two weeks.
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If all corals have the potential to stand up to hotter temperatures hidden
away in their genome, Palumbi dared to think, perhaps it's too early to
begin writing the animal's obituary.

The experiment

Back in Monterey, Palumbi and his students began devising a way to
make their first-of-its-kind coral stress testers portable. They outfitted
small picnic coolers with computer-controlled heaters and bubblers that
could carefully increase the water's temperature in tenth-of-a-degree
increments. And then they took them to the isolated reefs of Ofu to test
the coral's stamina when exposed to heat.

Conducting experiments in humid, salty environments on isolated
Pacific Islands with limited supply chains is not ideal. "Sea water and
electronics aren't great friends. We've had quite a few small meltdowns,"
Bay said. "Every single electronics store on the island knows us."

"We have some really cool results out of American Samoa," Bay
continued. "But if we want to use those results in conservation efforts, or
to say anything about coral and climate change in general, we need to
know if this holds true across corals around the Pacific."

This winter Palumbi, Bay and Noah Rose, another graduate student in
Palumbi's lab, headed to Rarotonga and Manihiki, two islands within the
Cook Islands that present an ideal location for the next phase of the
research. Across 1,000 miles of South Pacific Ocean, there is little
potential for larvae from one habitat to float into another test-bed, as
regularly occurs in the lagoon at Ofu, so the scientists can know for
certain that they are looking at discrete populations.

The islands are flush with the same Acropora species as is prevalent in
Ofu, but these corals are used to relatively cooler temperatures — around
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85 F — than those at Ofu. Over six weeks, the team collected corals from
both Cook Islands sites and conducted the same acclimation experiments
as they've done in Ofu.

Steve Palumbi diving in American Samoa, with "tabletop" coral in the
foreground.

The early results seem promising. The corals at both Rarotonga and
Manihiki developed higher heat resistance — turning white, or
"bleaching," at a higher temperature than before — after spending a week
acclimating to warmer water in the holding tanks. The Manihiki corals
lived in slightly warmer water than those at Rarotonga, and thus showed
greater heat resistance. This indicates that there are some longer term
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forces at play, Bay said, most likely genetic adaptations that occurred
over hundreds or thousands of years, not just a week.

"The message in terms of climate change is that corals can increase their
heat tolerance some, which may somewhat buffer them against warming
temperatures,” Bay said. "But that capacity is not unlimited."

Still, the Cook Islands research suggests that corals around the Pacific
stand a fighting chance in the face of climate change, which will come as
good news to the Cook Islanders.

"We were pleasantly surprised in how informed and interested the local
people are in climate change," Rose said. "It's something that the people
here are already really worried about. Their livelihood — food and
tourism — is dependent on the reefs. They're not talking about whether
climate change is happening. They're asking, "What can we do about 1t?""

The future fix

"I've gone around the Pacific, and you run into a lot of reefs that are just
in awful shape and it breaks your heart," Palumbi said. "Other times,
you're swimming across the reef and it's incredibly hot, in an
environment where corals shouldn't do well, and they're thriving."

Transplant efforts in the past haven't been very successful, Palumbi said,
but maybe we just haven't been picking the right corals to transplant? Or
maybe we simply didn't know that they needed "training" to prepare for
a new location?

Palumbi's group has begun using next-generation DNA sequencing
techniques to determine which genes are responsible for heat tolerance
in corals, and to compare the genetics of the Rarotonga and Manihiki
corals to look for genetic adaptation. This will improve the
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understanding of the animals' cellular machinery that makes acclimation
possible and will help conservationists identify species that stand the best
chance against future climates.

Corals have been around for 250 million years and have adapted to
survive many changing conditions. Palumbi is optimistic that we can
help them — maybe just a little — to do that now. Perhaps identifying the
strongest corals and using them to "seed" troubled reefs is the answer;
when healthy, corals can double in size year over year. Of course, such
efforts will be for naught without policies in place to protect corals from
overfishing, sediment runoff, development and other direct sources of
physical damage.

"The ocean is a highly variable place. It's not an easy home to live in, but
organisms living anywhere in the ocean are facing all kinds of different
environments all the time," he said. "They don't wear sweaters, they
don't have air conditioners — they just have to deal with the environment
as they have it. And they have amazing innate capacities to do that.

"Evolution over millions of years has given them the genetic diversity
and the acclimation mechanisms. If we just give them a chance, they can
often come back. I'm hopeful that our research will help corals find a
way to do that."
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