
 

Study urges global-change researchers to
embrace variability

November 15 2017, by David Malmquist

  
 

  

Drops in pH signal more acidic waters, which can hinder a coral's ability to build
its skeleton, while extreme warmth can make it expel the photosynthetic algae
that provide much of its food energy. Credit: Emily Rivest.
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Scientists typically make every effort to keep all factors but one constant
when doing an experiment. Global-change scientists might move a coral
from a reef to an aquarium whose water is held 1°C higher to test the
effects of the ocean warming predicted for the end of the century. Or
they might decrease the water's pH by 0.4 units to study the effects of
ocean acidification.

But a new review article presents evidence that argues for a more
nuanced approach to the design of these experiments—one that
acknowledges and purposefully incorporates the variability inherent in
nature.

The article, in the latest issue of Current Climate Change Reports, focuses
on studies examining how ocean warming and acidification might affect
corals and coralline algae. Lead author Emily Rivest of William &
Mary's Virginia Institute of Marine Science says its findings are also
likely applicable to other foundational reef species such as oysters.

"The range of pH and temperature that some organisms experience on a
daily basis exceeds the changes we expect to see in the global ocean by
the end of the century," notes Rivest, an assistant professor at VIMS.
"But we don't really know how this variability affects their physiology
and their ability to respond to future change. The papers we reviewed
suggest this variability is important, and we need to incorporate it into
our experiments."

Indeed, there's a growing consensus that the degree of variability in
temperature and pH an organism faces in its current environment will
likely influence its response to future warming and acidification. For
instance, a coral growing in a back-reef lagoon—whose restricted waters
may warm drastically each afternoon under the blazing sun—may be less
susceptible to long-term warming than a coral growing in the more open,
temperate waters of the reef face. The same may hold true for entire
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species or populations of warmth-adapted corals.

  
 

  

Dr. Emily Rivest, now an assistant professor at the Virginia Institute of Marine
Science, swims above a fringing reef in Moorea, French Polynesia, looking for
corals to collect. Credit: Brian Rivest.

In their paper, Rivest and co-authors Steeve Comeau and Christopher
Cornwall of the University of Western Australia reviewed almost 100
studies of how predicted changes in ocean pH or temperature might
affect coral growth. But their review found only a "handful" of the
studies had purposefully varied these factors, or examined the
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importance of natural variability to the performance of reef organisms.

The experiments that incorporated variability fell into two categories.
"One type was studies where you collect corals from a high-variability
site and a low-variability site and see how they do under controlled
laboratory conditions," says Rivest. "If the variability is important in
shaping their response to environmental change, then their response will
depend on the site they are from."

The second type "looked at the variability within laboratory
treatments—taking corals into the lab and raising them under constant or
variable conditions, then providing them with an additional stress and
seeing if the variability they experienced in the lab influences their
response to that stress."

Rivest and her colleagues found that incorporating variability into an
experiment's design produced ambiguous and intriguing results.

"Corals from habitats with more temperature variability generally exhibit
greater thermotolerance," says Rivest, "but the effects of past pH
variability are less clear." On the other hand, she says, "In laboratory
studies, pH variability often limited the effects of ocean acidification,
but the effects of temperature variability on responses to warming were
equivocal."
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https://phys.org/tags/temperature+variability/
https://phys.org/tags/ocean+acidification/


 

  

Dr. Emily Rivest retrieves a pH sensor full of data from a reef in Taiwan. Credit:
Apple Chui.

Rivest, Comeau, and Cornwall say their findings warrant additional
research. "We want our paper to signal the start of a new era in studies
of how climate change affects foundation species," says Rivest. "We
really need to consider an animal's current environment as a starting
point for how it will respond in the future—we want this to be a point of
discussion in our field, for how we should be designing experiments and
thinking about these questions moving forward."

The team says their findings could also lead to practical applications. "If
we know better how environmental variability affects the ability of
animals to tolerate future environmental change, then we can think about
it in a restoration and conservation context," says Rivest. "For example,
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if you target a reef for restoration, we could start a training program for
corals where you culture them in the lab under variable conditions so
they would be ready to perform well out in the reef environment." This
approach is already being applied at the Hawai'i Institute of Marine
Biology, the Australian Institute of Marine Science, and other research
labs worldwide.

Rivest led one of the field studies included in the recent review
article—in which she compared corals from the warm waters of French
Polynesia to the cooler waters of Taiwan—and now has plans to extend
that research to different animals and waters near her new home on the
U.S. East Coast. She joined the faculty of the Virginia Institute of
Marine Science in Gloucester Point in 2016.

"I think of oysters as the corals of Chesapeake Bay," says Rivest. "They
provide similar benefits in that they create a three-dimensional habitat
that supports other species. And the variability in pH and temperature in
the Bay is even more dramatic than we see in a lot of coral reefs. So I
plan on asking the same types of questions here. There's a lot we can
learn about how oysters will respond to future environmental changes
just by surveying the natural environmental gradients they face in the
Bay right now."

She also plans to begin a series of laboratory studies. "I haven't had the
ability to easily manipulate the variability of temperature and pH in the
lab yet," says Rivest, "but the aquarium system I'm building here will
allow me to do that." She's constructing the system in the Seawater
Research Lab at VIMS, one of the largest facilities of its kind in the
nation.

  More information: Emily B. Rivest et al, The Role of Natural
Variability in Shaping the Response of Coral Reef Organisms to Climate
Change, Current Climate Change Reports (2017). DOI:
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https://phys.org/tags/coral/
http://dx.doi.org/10.1007/s40641-017-0082-x
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