
 

Getting warmer—understanding threats to
ocean health
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Brad Linsley (center), a paleoclimate scientist at Lamont-Doherty Earth
Observatory, and his research team in Panama, March 2018. Credit: Brad
Linsley

1/9



 

The global ocean covers 70 percent of our planet, makes Earth habitable,
and contributes to economies, food supplies, and our health. Yet the
ocean is increasingly threatened by the growing amount of carbon
dioxide in the atmosphere.

Two Lamont-Doherty Earth Observatory scientists affiliated with the
Center for Climate and Life are leading research projects that examine a
few of the ways climate change affects the health of the ocean. Both
researchers use the fossil remains of sea creatures as natural recorders of
past climate and marine ecosystem changes. The information they obtain
from these provides clues about how the future ocean and its inhabitants
might be shaped by climate change.

Their studies are funded in part by the Center's partnership with the
World Surf League PURE, which enables Lamont-Doherty scientists to
pursue critical research that advances understanding of climate impacts
on the ocean.

Ocean acidification: The other carbon dioxide
problem

Bärbel Hönisch, a marine geochemist, studies how seawater chemistry
changed through time. Today, the ocean is becoming more acidic due to
the rising concentration of carbon dioxide in Earth's atmosphere, about
30 percent of which is absorbed by the ocean. While this process helps
to minimize global warming, the dissolution of carbon dioxide in the
ocean leads to the formation of carbonic acid. As the name implies, the
addition of carbonic acid makes seawater more acidic and this 'ocean
acidification' makes it harder for calcifying organisms such as corals,
mollusks, and some plankton to build their shells and skeletons.

The current pH of the ocean is around 8.1, representing a 25 percent
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increase in acidity over the past 200 years. As the amount of carbon
dioxide in the atmosphere continues to rise, scientists expect seawater
acidity to increase another 25 percent by the end of the 21st century.
This level of acidification is similar to that of the Paleocene-Eocene
Thermal Maximum (PETM), which occurred around 56 million years
ago. During the PETM, a sudden rise in atmospheric carbon dioxide
coincided with rapid warming and seawater acidification—conditions
that lasted for 70,000 years or more.

Hönisch is analyzing the shells of tiny plankton organisms called
foraminifera that were preserved in deep-sea sediments during this and
other time periods, which are recovered from the sea floor by deep-
ocean drilling. Her goal is to quantify changes in the ocean that occurred
due to past climate shifts, and to determine whether and how marine
organisms adapted to these changing conditions: Did some organisms
evolve and thrive? Did some go extinct?

Hönisch is using her grant from the Center for Climate and Life to
answer these questions. As part of her project, she and her research team
are creating a timeline that details past levels of ocean acidity and the
sensitivity of foraminifera to environmental changes. This will help them
determine how past ocean temperatures and acidity affected the ability
of calciferous marine organisms to build and maintain their shells. Their
findings may also improve predictions of the consequences of future
ecosystem changes.

"Our research has shown that the two degrees Celsius warming at the end
of the last ice age had a stronger effect on foraminifer species
abundance and latitudinal migration than the 0.15 unit acidification of
the surface ocean," Hönisch said. "So in some ways, one might say that
warming is a greater environmental stressor than acidification, at least
for planktic foraminifera with this specific extent of warming and
acidification. However, warming and acidification will also go hand in
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hand in the future and their respective effects will add up."

Hönisch also explained that the effects of rising temperatures and
acidification of seawater won't be the same throughout the global ocean.
"There will be a lot of variability in the conditions in the ocean," she
said. "There may be refuges where certain organisms can survive."

Although observations of past ocean changes may seem grim, Hönisch
noted that many marine organisms are extremely resilient to
environmental change. Even the devastating impact of the Chicxulub
asteroid 66 million years ago didn't completely wipe out life in the sea,
so there's hope for the survival of marine organisms despite our rapidly
acidifying oceans.

Hönisch's research demonstrates how information about past phenomena
can be helpful today, and in the future, if we study and heed their
messages, which, in this case, have been left for us in sediments at the
bottom of the sea.
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Scientists collect coral reef core samples in the Gulf of Chiriquí, on the Pacific
coast of Panama. Credit: Brad Linsley

Corals: A window into past climate

Brad Linsley, a paleoclimate scientist at Lamont-Doherty Earth
Observatory, reconstructs past climate using corals and sediments to
learn how changes in global temperatures, ocean salinity, and
atmospheric hydrology varied in the past. He does this by analyzing
microfossils preserved in deep-sea sediments and cores taken from
massive corals.
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The huge reef corals Linsely samples grow a skeleton at a rate of about a
centimeter per year. As the skeleton grows upwards, the coral generates
alternating low density and high-density band couplets at a rate of one
couplet each year. These density bands are visible in X-ray images of cut
slabs of the coral cores and are used by scientists to guide near-monthly
resolution sampling and to help generate detailed age models.

Geochemical tracers measured in a coral's skeleton are sensitive to water
temperature, salinity, river discharge, and other environmental
parameters. Since healthy corals grow continuously throughout the year
and can live for several centuries, massive corals can be used to create
continuous records of past changes in water temperature, salinity, and
other conditions that extend back several centuries.

The longest record Linsley has worked on dates back to 1521 and is
from American Samoa. Other records from Panamá, Fiji, the Cook
Islands, and Tonga extend back to the early 1600s. The ability to
generate these detailed and accurate chronologies of past environmental
conditions is what makes corals so valuable as paleoclimate archives.

Some of Linsley's recent research focuses on coral bleaching events,
which are occurring with increasing frequency as the temperature of the
ocean rises. Tiny algae live in the tissues of corals—they're what give
corals their bright colors—and have a symbiotic relationship with the
coral animals. For example, the coral provides the algae a rich supply of 
carbon dioxide and the algae provide corals their main source of food.
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Coral cores collected by Brad Linsley and his research team in Panama. The
cores will be split in half and analyzed to reconstruct the history of coral
bleaching and hydrologic changes in the region back to the mid-1800s. Credit:
Brad Linsley

Corals are extremely sensitive to temperature changes and when the
ocean temperature rises, even one degree Celsius, corals get stressed out.
When this happens, the algae are expelled from the corals, resulting in
"bleached" white coral structures. During a bleaching event, algae may
not disappear uniformly from coral, due in part to the fact that there may
be many different species of algae present on one coral formation. In
some cases, corals can recover but if the water remains warm, the corals

7/9



 

will usually die.

"Once a certain, site-specific temperature threshold is maintained for a
specific number of weeks, many corals will bleach. However, other
stresses can also cause coral death which is sometimes hard to
distinguish from bleaching," Linsley said.

Coral bleaching events have occurred around the globe at the same time
as some El Niño events, which cause a region of warm water to develop
along the equator in the central and eastern Pacific. There may be a
correlation between the two, but the exact pattern is still unclear; Linsley
said that on the Pacific Ocean side of Panamá, one of his study sites,
coral bleaching appears to coincide with certain very strong El Niño
events.

Over the course of Linsley's career, he has studied coral bleaching events
in Panamá, Fiji, and Tonga. Most recently, in March 2018, he returned
to Panamá to examine a bleaching event for the second time—a trip that
was supported by the Center for Climate and Life.

In Panamá, Linsley and his team collected five coral cores from an area
in the Gulf of Chiriquí, on the Pacific coast. The water temperature in
the region is generally 32 degrees Centigrade, or 89.6 degrees
Fahrenheit, with only two degrees of seasonal variation. There's very
little human development in the area, so many mangrove forests remain
along the undeveloped coastline. The winds in the region move east to
west and a wind shadow that blocks the tradewinds; there is both direct
rainfall into the ocean and runoff from the land.

The corals record all of this environmental activity and, through
different analyses, Linsley is using the cores he collected in Panamá to
reconstruct the history of coral bleaching and hydrologic changes in the
region back to the mid-1800s. Linsley's results will ultimately improve
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understanding of seasonal and decadal-scale changes in rainfall in
Central America.

This information will help the region respond to climate pressures in
several ways. Agricultural business, governments, and farmers can use it
to plan for future fluctuations in rainfall and implement effective crop
management practices. The knowledge will also help the efforts by the
Panamá Canal Authority, which operates the Panamá Canal Locks, build
resilience and adapt to changes in rainfall. A large amount of water is
required to move ships through the locks without the use of pumps, so a
lack of rainfall could result in costly disruptions to shipping traffic
through the Panamá Canal.

This story is republished courtesy of Earth Institute, Columbia University 
http://blogs.ei.columbia.edu.
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