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Dear Editors,

We have read and considered the comments made by reviewer 1 to our manuscript.
We found these comments pertinent and think they will improve the manuscript. In
the following we detail our responses to specific questions and are prepared to im-
plement these corrections/changes should the article be accepted for publication in
Biogeosciences.

Answers to main comments:
C1

1) We agree with this comment and we will merge some figures and add a supplemen-
tary part for tables and/or figures that are not indispensable in the text. Figures 1, 8,
10, 11, 12 and table 3 will be placed in a supplementary material. Figures 5 and 6
will be merged such as figures 13 and 14. Table 5 will be removed and values will be
described in the text of the manuscript.

2) As the reviewer points out, our physiological model can be applied to datasets other
than the Langer et al. (2013) dataset and the dataset we obtained with our own batch
experiments. In our opinion Langer et al. (2013) is the best dataset available for our
modeling exercise because sampling for measurement of medium and cellular chem-
ical composition was done with a high frequency in this experiment. We hope our
approach will also be used with other datasets in the future. However, we chose not to
include other datasets in the present manuscript because this would have significantly
increased the length of the manuscript without adding much in terms of the new mod-
eling method proposed. We think that the modeling we present is strong enough to
support our conclusions on the environmental controls on E. huxleyi distribution in the
deep ecological niche of South Pacific Gyre.

3) We will improve the language and make the text more concise. The sub-sections
4.1.1 to 4.1.3 will be deleted from the manuscript.

Answers to additional comments:

1) The change will be implemented as recommended.

2) The change will be implemented as recommended.

3) This will be changed to “a poorly known but potentially important ecosystem for
coccolithophores”.

4) The change will be implemented as recommended.

5) The change will be implemented as recommended.
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6) It is true that we did not specify that we only added nitrate and phosphate to the
medium and that we did not add the NH4Cl indicated in the reference medium in order
to avoid the problem of multiple nitrogen sources. This will be explained in the revised
text.

7) We agree with this comment and will state in the revised text that prior to experiments
cells were only acclimated to temperature, light and carbon chemistry conditions, but
not to low nutrients. Acclimation to low nutrient concentrations is not possible in a batch
approach, because acclimation presupposes constant conditions. The central feature
of a batch culture, by contrast, is that nutrient concentrations change over the course
of the experiment.

8) The change will be implemented as recommended.

9) Samples were always taken in the afternoon between noon and 4pm, and always in
the same sampling order. Each culture bottle sampling operation took approximately
45 min, preventing samples from different bottles from being taken at the same time.
However, each analytic value was averaged over the three replicates. This will be
specified.

10) This is correct and the statement about coccolith width measurements will be re-
moved.

11) We will mention that the error for pH measurements is 0.02 pH units.

12) We will mention that the conversion from the concentration of Ca to particulate
inorganic carbon (PIC) is based on a 1:1 stoichiometry between Ca2+ and PIC. i.e. all
the calcium in the filters is considered to originate from calcium carbonate (Fagerbakke
et al., 1994).

13) It is true that we made a mistake on this point. The C/N ratio for the nitrate uptake
calculation is not necessary for this calculation because the PON data are available for
the control experiments. To correct this point we will change the Monod plot (Fig. 7)
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and the part in the text that describes this point. This will entail only minor difference
in the model results because the C/N ratios for the control experiments were near the
Redfield ratio: for example the C/N ratio for the control NO3 experiment of Langer et
al. (2013) was 5.72.

14) To clarify notation, we propose to use KR for nutrients in general, KN for the nitrate
half-saturation constant and KP for the phosphate half-saturation constant.

15) The change will be implemented as recommended

16) This is an interesting comment. In fact, we would like to be less assertive in the
revised manuscript with regards to P-limitation being attained in the low-light PO4-
limited culture. We propose to discuss the following hypotheses:

(1) P-limitation was not attained in the low light and low PO4 experiment. The cells
were P-limited. This can be inferred from a) the POP quota, which is lower than that
of the control; b) the POP:POC ratio (POC:POP), which is also lower (higher) than
that of the control; c) a deviation of the growth curve from exponential growth starting
on day 16 (out of 19) at the very latest. While a decline in POP quota is an early
sign of limitation, the decline in growth rate is a late appearing sign, indicating severe
limitation. The cessation of cell division (stationary phase) is merely the last stage in
the process of becoming P-limited over the course of a batch culture.

(2) Cells used another source of phosphorus such as organic phosphorus. However,
no other sources of phosphorus other than the added phosphate were present in the
culture medium except possible organic sources present in the initial seawater. If or-
ganic phosphorus sources were available in the medium, cells in the high light low PO4
experiment would not have been expected to reach the stationary phase. This hypoth-
esis is not rejected but seems not to be the reason for this absence of a stationary
phase.

17) We made a mistake in calculating the magnitude of the error bar which is in fact
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smaller that we thought; we will thus remove this sentence.

18) The change will be implemented as recommended.

19) We mention the Leonardos and Geider (2005) experiment because it is the only
experiment to our knowledge where nutrient-and light co-limitation was carried out. We
will mention that this experiment was carried out with a non-calcifying strain.

20) We will change the sentence to ” . . .to ensure that changes in the carbonate system
were within a minimal range (< 10% except for the P-limited experiment where the DIC
change were 12 and 13%; Table 1)”.

21) This sentence will be rephrased according to comment 16.

22) The change will be implemented as recommended.

23) As mentioned in main comment 3, these sub-sections will be removed from the
manuscript.

24) We will modify this sentence in order to be clearer: “According to Gregg and Casey
(2007) the key to their success in the global oceans is to find areas where nutrients
and light are low enough to inhibit growth of diatoms and chlorophytes, but where there
is sufficient vertical mixing to prevent excessive their sinking losses or where they can
find nutrients at depth under low illumination levels.”

25) We agree that there is a contradiction and propose to modify the relevant sen-
tence. In fact, in stratified, sunlit portions of the upper ocean, coccolithophore blooms
occur after diatom blooms have depleted the nutrients. This advantage over diatoms in
nutrient-depleted waters is a consequence of the greater affinity for nutrients of coccol-
ithophores. Overall, coccolithophores have an advantage in low nutrient and low light
compared to diatoms and chlorophytes (Balch, 2004; Gregg and Casey, 2007). This
explains their development in the low-light, low-nutrient waters in some regions of the
ocean (Beaufort et al., 2008; Haidar and Thierstein, 2001; Jordan and Winter, 2000).
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26) This sentence will be change and was actually not clear. What we wanted to say
is that phosphate measurements in the depth range 0-100 m in the GYR station of the
BIOSOPE transect were always above 0.1 micromoles per litre, which suggests that
PO4-limiting conditions are not attained in this water column (Moutin et al.,2008).

27) The sentence is confusing and will be simplified.

28) A short discussion of grazing and vertical export as parameters that contribute to
defining the distribution of coccolithophore populations will be included in the revised
manuscript.

29) The sentence in question will be split into two.

30) We need to modify this sentence. While it is not possible to obtain reliable half-
saturation constants for nutrient uptake in a batch experiment (a chemostat experiment
is necessary), other parameters such as the maximum growth rates and maximum
uptake rates can indeed be estimated in a batch experiment. As far as we know the only
literature found to estimate the half-saturation constant for nutrient uptake for E. huxleyi
using a batch culture is from Eppley et al. (1969). However, we think that the transient
character of batch cultures makes the determination of half-saturation constants very
difficult. We propose to circumvent this difficulty by modeling the batch experiments
with a simple Droop model that enables us to extract information on nutrient affinity
(the half saturation constant) from the transient results of the batch experiment

31) Reference to the final revised version of Beaufort et al. (2008) will be made.

32) POC: PON and POC:POP will be reported and the decimal point will be used
instead of the comma in the final manuscript.
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