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The concept proposed by Henderiks and Rickaby - that the CO2 sensitivity of modern
coccolithophore calcification reflects the CO2 concentration at the time of their origi-
nation - is a very intriguing idea. It provides a new angle of looking at CO2/pH effects
on coccolithophores, gives an evolutionary perspective to species-specific differences
in calcification responses, and serves to stimulate the discussion on the potential for
coccolithophores adaption to projected ocean acidification.

The proposed concept rests upon three crucial assumptions: 1. Coccolithophore cal-
cification is directly sensitive to CO2 (independent of an indirect effect of CO2 through
its coupling with pH, carbonate ion concentration and carbonate saturation state). 2.
Photosynthesis and calcification in coccolithophores are closely coupled. 3. "The cou-
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pled photosynthetic and calcification potential of the various taxa is optimized for ocean
carbonate chemistry at their time of origin and has been locked into genetic make-up
since declined."

As far as | can tell, there is no convincing evidence in the literature for either of these
assumptions. Accordingly, no attempt was made in the manuscript to assess their
legitimacy. Nevertheless, | think it is worthwhile to take a look at the available data to
assess the odds of each of these assumptions.

The experimental data used to support the proposed concept was obtained under ex-
perimental conditions in which CO2, pH, carbonate ion concentration and carbonate
saturation state were tightly coupled. As mentioned in the manuscript "In the geo-
logical past, carbonate saturation state and pCO2 were likely decoupled (Tyrrell and
Zeebe, 2004)." So unless there is a direct effect of CO2 on calcification, independent
of its coupling to seawater carbonate chemistry, it would be impossible to relate CO2
sensitivity of calcification to atmospheric CO2 on geological times scales.

If I understand correctly, the mechanism for a direct effect of CO2 on calcification is
postulated to be a coupling between photosynthesis and calcification (so assumption
1 actually goes hand in hand with assumption 2). "Rather than a calcification depen-
dency on saturation state, pH or [CO32-] alone, the critical factor determining the cal-
cification tolerance of different species may be the photosynthetic capacity to harvest
energy from CO2." (page 4, line 24ff). Although | am not sure what is meant with "...
the photosynthetic capacity to harvest energy from CO2", | suppose this is connected
with the statement on page 4, lines 22ff; "... with coherence between lower energetic
requirement for calcification at high saturation and pH, and lower photosynthetic energy
available from low pCO2.”

In the context of the proposed concept this probably means: A species which evolved
at times of low CO2 (e.g. such as the modern Emiliania huxleyi) prioritizes energy
allocation into photosynthetic (organic carbon fixation) over that into calcification and
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hence shows high sensitivity of calcification in response to CO2 induced changes in
carbonate chemistry (as indeed observed). In contrast, the ancient Coccolithus pelag-
icus is best adapted to the high CO2 at the time it evolved and hence was selected to
prioritize energy allocation towards calcification relative to photosynthetic carbon fix-
ation. In analogy to the CO2 sensitivity of E. huxleyi, one should then expect to see
the reverse sensitivity in C. pelagicus, i.e. low CO2 sensitivity for calcification and high
CO2 sensitivity of photosynthetic carbon fixation. Looking at the data of Langer et al.
(2006) this does not appear to be the case.

If calcification and photosynthesis are closely coupled in the way proposed by Hen-
deriks and Rickaby, high availability of photosynthetic energy should serve to partly
compensate for the effect of high CO2/low pH on calcification. This, however, is not
supported by data. The results of Zondervan et al. (2002) show a similar relationship
between CO2 and calcification in E. huxleyi over a wide range of photon flux densities.
So again, the proposed tight coupling between calcification is not supported by the
available data.

It should also be noted that the ability to calcify fully intact coccoliths at extremely high
CO2 is not unique to C. pelagicus (cited as S. Krug personal communication). Cells of
E. huxleyi were found to formed fully intact coccoliths at pCO2 levels as high as 3000
patm (Koch and Engel, personal communication).

Concerning assumption 3, | agree with the comment of referee #2 that the bell-shaped
response of Calcidiscus leptoporus calcification with an optimum at modern pCO2 val-
ues (Langer et al. 2006) indicates adaptation to modern present-day CO2 levels in this
strain. A similar response with calcification optimized at modern ocean CO2 values
was also observed in recent experiments with a newly-tested strain of E. huxleyi (Koch
and Engel, personal communication). This indicates the potential for strain-specificity
in calcification responses. As pointed out by referee #2, it argues against assumption
3 of the proposed concept.
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In the discussion of their thought-provoking concept the authors may want to give more
attention to the available literature and may want to provide a more detailed discussion
on the underlying key assumptions. This being said, | congratulate the authors on
their stimulating new perspective on coccolithophore calcification responses and look
forward to the further development of this idea.

Best regard, UIf Riebesell
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