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Ocean acidification — the limits of adaptation
World’s longest laboratory experiment with the single-celled calcifying alga
Emiliania huxleyi reveals that evolutionary adaptation to acidification is restricted

July 11, 2016 / Kiel. The most abundant single-celled calcifying alga of the world’s oceans,
Emiliania huxleyi is basically able to adapt to ocean acidification through evolution.
However, the longest evolution experiment that has been conducted with this organism so
far shows, that the potential for adaptation is not as large as initially expected. The growth
rate under elevated carbon dioxide concentrations has not improved significantly after four
years. Calcification was even lower than in today's cells from Emiliania huxleyi. The study
shows that the effects of evolution in phytoplankton are more complex than previously
thought.

In an unprecedented evolutionary experiment, scientists from GEOMAR Helmholtz Centre for
Ocean Research Kiel and the Thinen Institute of Fisheries Ecology demonstrated that the most
important single-celled calcifying alga of world's oceans, Emiliania huxleyi, is only able to adapt to
ocean acidification to a certain extent. The proof of principle for evolutionary adaptation was
provided by GEOMAR scientists already in 2012. But four years after the start of the experiment,
the growth rates of the calcifying alga have only made little progress. “Emiliania huxleyi's potential
for adaptation is still lower than initially expected. Even after four years of evolution, the alga could
not compensate completely for the negative impact on its growth”, explains Dr. Lothar Schliter,
author of the study and a former doctoral student at GEOMAR. The researchers present their
results, which were obtained in the frameworks of the Cluster of Excellence “The Future Ocean”
and the German research network BIOACID (Biological Impacts of Ocean Acidification) in the
journal Science Advances.

The study is based on a single cell of the calcifying alga from Raunefjord in Norway. Since
Emiliania huxleyi cells divide about once a day at the laboratory, a large number of genetically
identical starting cultures were obtained from the isolate. For the study, five cultures were kept
under a constant temperature and three different concentrations of carbon dioxide (CO,): a control
value with today's conditions, the conditions that could be reached until the end of this century
according to the most critical calculations of the Intergovernmental Panel on Climate Change
(IPCC), and the highest possible degree of acidification.

After four years, or 2100 algae generations late




of the experiment, the production of calcium carbonate platelets of cultures adapted to higher CO,
concentrations was lower than in non-adjusted”, stresses Prof. Thorsten Reusch, Head of Marine
Ecology at GEOMAR and coordinator of the study. “We were astonished that this effect did not
occur at the beginning of the experiment — because if ocean acidification impairs biological
calcification, it should have been reduced directly.” In contrast to observations of the first year of
the experiment published in 2012, the researchers now observe that evolution amplifies the
negative effects on the



