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We appreciate the overall positive referee remarks and acknowledge the construc-
tive comments that greatly helped to clarify a number of points and to improve the
manuscript.

Below are our detailed responses to the referee’s comments, including expected mod-
ifications of the manuscript:

COMMENT: The paper would benefit from better structured abstract and additional
information in the discussion, namely the authors might want to briefly discuss coccol-
ith function and explain with more detail their formation process, since malformations
might occur at different steps of the latter.
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REPLY: We added the following: “The coccolith shaping machinery is, besides the ion
transport machinery, an essential part of coccolith formation (for an overview see Holtz
et al. 2013). The latter commences with heterogeneous nucleation on an organic
template, the so called base plate. The nucleation determines crystal axis orienta-
tion. Crystal growth proceeds in principle inorganically, with the notable exception that
crystal shape is strongly modified by means of a dynamic mould, which essentially
consists in the coccolith vesicle shaped by cytoskeleton elements and polysaccharides
inside the coccolith vesicle. Malformations can be due to an abnormal base plate which
would affect crystal axis orientation, aberrations in the composition or structure of the
polysaccharides, and disturbance of cytoskeleton functionality. The latter would most
likely also cause a decline in growth rate, which is why this mechanism was disregarded
in the case of carbonate chemistry induced malformations (Langer et al. 2011). By the
same reasoning, temperature induced malformations might be due to cytoskeleton dis-
turbance, because temperature does also alter growth rate (Fig. 1a). However, it is not
straightforward to see why lower than optimum temperature should disturb cytoskele-
ton functionality (see also Langer et al. 2010). At any rate, coccolith malformations are
most likely detrimental to fitness, because malformed coccoliths result in fragile cocco-
spheres, which are regarded as instrumental in coccolithophore fitness (Dixon 1900,
Young 1994, Langer and Bode 2011, Langer et al. 2011). One of the many hypotheses
concerning function of calcification is that the coccosphere confers mechanical protec-
tion (Dixon 1900, Young 1994). After more than a century of research, it still remains
the most plausible hypothesis.”

COMMENT: Although the temperature range used is physiologically interesting it is
broader than expected for the year 2100. Therefore, this should be clear in the discus-
sion.

REPLY: We clarified this. “Although the range of temperatures used here ex-
ceeds 2100 projections (IPCC 2013), we not only used it on physiological grounds,
but also for ecological reasons. Over the course of the year, coccolithophores
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in the North Pacific do experience the whole range of temperatures used here
(http://disc.sci.gsfc.nasa.gov/giovanni/, maps in the supplementary material).”

COMMENT: Finally, the manuscript seems to follow reliable experimental procedures
and design and is overall well written.

Specific comments and technical corrections: Abstract The abstract would benefit from
a statement with the importance and aim of the study as well as a clear conclusion.

REPLY: We added the following. “The global warming debate has sparked an unprece-
dented interest in temperature effects on coccolithophores. The calcification response
to temperature changes reported in the literature, however, is ambiguous. The two
main sources of this ambiguity are putatively differences in experimental setup and
strain-specificity. In this study we therefore compare three strains isolated in the North
Pacific under identical experimental conditions.

In summary, global warming might cause a decline in coccolithophore’s PIC contribu-
tion to the rain ratio, as well as improved fitness in some genotypes due to less coccolith
malformations”

COMMENT: Page 1, line 20 - Replace "E. huxleyi" with " Emiliania huxleyi ".

REPLY: P1, L1. Corrected.

COMMENT: Page 1, line 28 – Increasing PIC production (Figure 1C) was only pos-
itively correlated with the percentage of incomplete coccoliths in one strain? Do the
authors mean significantly?

REPLY: P1, L6-7. Yes, we have clarified it in the text.

COMMENT: Page 2, line 1-3 – It could be related to time shortage of other steps of the
coccolith formation.

REPLY: P1, L7-8. In principle yes, but it is hard to see which steps that could be.
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COMMENT: Page 2, line 8 – Clarify the final sentence.

REPLY: P1, L12. We added the following “This clarifies the ambiguous picture fea-
turing in the literature, i.e. discrepancies between PIC:POC-temperature relationships
reported in different studies using different strains and different experimental setups”

COMMENT: Introduction Page 3, line 9-10 – Correct and clarify.

REPLY: P1, L18-19. Corrected, now it reads “As a photosynthetic organism, E. huxleyi
shifts the seawater carbonate system towards [CO3 2-], but as a calcifier it shifts the
seawater carbonate system towards [CO2].”

COMMENT: Page 3, line 10-14 – Long sentence. Improve “. . . traditionally in
particular. . .”.

REPLY: P1, L19-22. Now it reads: Therefore, part of the interest in E. huxleyi derives
from its role in the global carbon cycle. Especially extensive blooms (Westbroek et al.,
1993; Paasche, 2001), might impact air–sea gas-exchange (Robertson et al., 1994;
Buitenhuis et al., 1996).

COMMENT: Page 3, line 14-16 – The sentence should include information concerning
stratification, since it is a relevant point in the argument. Moreover, it needs to be
clearer.

REPLY: P1, L22-23. Now it reads “Climate change-induced surface water stratification
was shown to trigger E. huxleyi blooms (Harada et al., 2012).”

COMMENT: Page 3, line 17-18 – Improve the sentence.

REPLY: P2, L1-2. Now the text reads “The ratio of particulate inorganic carbon
(PIC) and particulate organic carbon (POC) influences surface water-atmosphere gas-
exchange as well as the composition of matter exported from surface waters to the
deep ocean (Ridgwell and Zeebe, 2005; Findlay et al., 2011).”

COMMENT: Page 3, line 19 – Replace “...PIC and the POC production...” with “...PIC
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and POC production...” and improve sentence.

REPLY: P2, L3. Done.

COMMENT: Page 4, line 12-13– Clarify the sentence.

REPLY: P2, L15-16. We added “. . . success of coccolithophores, because different
group of organisms might be differently affected by warming and therefore ecological
succession patterns, grazing pressure etc., might change”.

COMMENT: Material and methods When describing units, like “cells.ml-1”, I would
remove the “.”.

REPLY: This is not present in the BGD published version.

COMMENT: Page 5, line 8 – Explain “alternatively”.

REPLY: P2, L28. It refers to the strains synonyms, the text now reads “(RCC1710
−synonym of NG1− and RCC1252 −synonym of AC678 and MT0610E−)”.

COMMENT: Page 5, line 10 – Replace “North Sea seawater” with “North Sea water”.

REPLY: P2, L30. Done.

COMMENT: Page 5, line 11 – Is it relevant to state “filter cartridges”? Perhaps the filter
composition could be more interesting.

REPLY: We added the product information. “Sartobran 300 filter cartridges, Sartorius,
Germany)”.

COMMENT: Page 5, line 11-12 – Replace “nitrates and phosphates” with “nitrate and
phosphate”.

REPLY: P2, L31. Done.

COMMENT: Page 6, line 8 and 13– For how long were the samples stored before being
measured?
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REPLY: We added the information “Samples were stored for less than two months prior
to measurement”.

COMMENT: Page 6, line 17– Remove “,” after TA

REPLY: P3, L18. Done.

COMMENT: Page 6, line 22– I would add a “and” before “calcite”.

REPLY: P3, L21. Done.

COMMENT: Page 7, line 2– Storing the samples in a desiccator is important to dry the
samples before analysis, correct? How long were they stored in the desiccator?

REPLY: We added the information “Samples were dried for 24 hours in a drying cabinet
at 60◦C prior to measurement”.

COMMENT: Page 8, line 18– Start the sentence with text.

REPLY: P4, L19. Done, now it reads “From 10–30 ml of culture was filtered. . .”

COMMENT: Results Results could be better organized and more fluid. Reference to
effects of the carbonate system could be pooled in one / two paragraphs. Page 10, line
12– For which temperature(s)?

REPLY: P5, L17-18. From 15 to 25◦C, this is now specified in the text.

COMMENT: Page 10, line 25– Correct “pgcell-1”, “-1” should be superscript.

REPLY: P5, L26. This is corrected in the BGD published version.

COMMENT: Page 11, line 7-9– It is not clear to which carbonate system variable it is
being referred here. It would be useful to have a short explanation on the material and
methods section concerning the reasoning for following the carbonate system in the
experiment. Is it part of your hypothesis? Moreover, the legend of Table 2 should state
whether the values are initial, final or averages of the incubations.
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REPLY: P6, L1-2. We amended Table 2 and modified as follows. “There was no con-
sistent explanatory variable for cellular PIC, POC, and TPN when analyzing the three
strains independently” in Results. And “The seawater carbonate system was monitored
because temperature and coccolithophore production alter the system. We employed
the dilute batch method (Langer et al. 2013) to minimize production effects” in Material
and Methods.

COMMENT: Page 14, line 10-15- The paragraph should be clearer.

REPLY: P7, L18. We agree, now the text reads “Only in strain RCC1710, the percent-
age of incomplete coccoliths presented a significant increase with temperature (Fig.
6b, Table 4). Higher percentages of incomplete coccoliths in strain RCC1710 were
found at 25◦C. ANOVA results showed. . .”.

COMMENT: Discussion Page 14, line 19– In spite of being referred in the text, this title
does not refer growth rate.

REPLY: P7, L23. We agree, and changed the headline accordingly.

COMMENT: Page 14, line 21– I would replace “versus” with “in relation to”.

REPLY: P7, L24. We appreciate the comment, but we have decided to leave it as it is
originally written.

COMMENT: Page 14, line 22-23– Specify how many strains and add their isolation
sites or areas.

REPLY: P7, L25-26. Here we were just giving examples, it is now clarified.

COMMENT: Page 15, line 6- Why do you only show data for 2 strains and 2 tempera-
tures?

REPLY: P7, L31-32. We wanted to confine the information to the necessary minimum.
However, we now added the missing data.
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COMMENT: Page 15, line 5- Add reference to support the statement.

REPLY: P7, L30-31. This statement does not require a reference, because this is our
own reasoning. We think that this intuition will resonate strongly with many readers, so
we regard it as a literary device to improve readability.

COMMENT: Page 15, line 6- Percentage of incomplete coccoliths is higher under 20-
25◦C than 10-15◦C in RCC1252. Thus, if one would consider the temperatures used
to determine the coccolith production time, both strains would show similar trends, or
not? The lack of significance precludes a strong conclusion concerning this parameter.

REPLY: We do not understand the reasoning of this comment.

COMMENT: Page 15, line 10- What about coccolith mass?

REPLY: We discussed this in page 8, lines 4-6.

COMMENT: Page 16, line 14- The authors refer a previous study (Sett et al., 2014)
that showed a different relation between PIC:POC and temperature in the introduction
section. This should be referred in the discussion section.

REPLY: Page 8, line 21. We now cite Sett et al. 2014.

COMMENT: Page 17, line 6- Add references supporting “... most strains live at sub-
optimal temperatures in the field.”.

REPLY: Page 8, line 33. We added the references.

COMMENT: Page 17, line 10-13- Clarify what is meant with “short timescales”.

REPLY: Page 9, line 3. Done. ”. . .might even affect surface water carbonate chemistry
on short timescales, i.e. one year”.

COMMENT: Page 17, line 19-20- Specify which artificial conditions could play a role in
producing malformations of coccoliths.

REPLY: We added the following. “. . . artificial conditions such as cell densities of 10ˆ6
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cells/ml, cells sitting on the bottom of the culture flask, stagnant water, confinement in
a culture flask. . ..”

COMMENT: Page 18, line 13-15- One of the strains tested in this study is considered
to belong to the warm-water group while the others not. Why is it referred in the text
and how can it affect the observed responses to increasing temperatures?

REPLY: As explained in lines 23-25 page 9, RCC1252 should show the same response
pattern as RCC1238 and BT-6, if the warm water group strains share common features.
Since it does not show the same response, the fact that RCC1252 belongs to the warm
water group does not mean anything in this context.

COMMENT: References Young and Westbroek, 1991 cited on page 15 line 21 is miss-
ing in the references. Several references have typos, namely missing italics, incorrect
formatting of the 2 of CO2 (should be subscript) and accents.

REPLY: The missing reference is already added in the BGD published version. We will
correct all the other typos.

COMMENT: Page 30, line 7– Incorrect date, it should be 1993.

REPLY: This error is not present in the BGD published version.

COMMENT: Legends Table 5 and Figure 2, 3, 4- Species should be in italic and pre-
sented in a consistent form, either E. huxleyi or Emiliania huxleyi.

REPLY: We agree, the species names in italics are already correct in the BGD pub-
lished version.

COMMENT: Figure 1, page 37, line 4- missing a space between “(E) and”.

REPLY: Typo already corrected in the BGD published version.

COMMENT: Tables Table 5- The percentage of incomplete coccoliths is considered a
strain-specific response, why? The author’s should clarify the choice of responses in
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the legend of the table. Was it based on significance?

REPLY: Yes it was based on significance. We have now clarified this point in the caption
of the table.

COMMENT: Figures Figure 1, 5 and 6 are hard to analyze due to size / resolution.
Labels (A, B. . .) of the figures and text should follow the same formatting. Figures that
do not start with 0, should show an interruption on the axis. Finally, when the unit is in
the axis title it is not necessary to have it close to the numbers (see for instance Figure
6).

REPLY: The resolution of figures and the labels are already corrected in the BGD pub-
lished version. According to your comment, we have removed the unnecessary “%”
symbols.

Interactive comment on Biogeosciences Discuss., doi:10.5194/bg-2015-591, 2016.
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