Reviewer — Toby Westberry
We thank Toby Westberry to his toughtful review.
General Comments:

In this paper, Huot and co-authors present a dataset of phytoplankton photosynthetic parameters
collected in the Arctic Ocean (Beaufort Sea), and explore predictive re- lationships which
describe their observed variability. The case is well-stated that the Arctic Ocean is undergoing
rapid climate change, and remote assessment and mon- itoring of these changes relies on proper
characterization of in situ variability. To this end, Arctic ecosystems have been underrepresented
in field datasets used to develop ocean color based primary production models. The data
presented here and the resultant functional relationships derived from them seek to bridge this
need. The paper is well written and the authors nicely compare their dataset with historical data
collected in the region and point out similarities and differences.

I have only two points of “general” concern. First, there has historically been some uncertainty as
to what exactly the 14C method measures. Most recently, Halsey et al. (2010; 2011) have
presented some intriguing results showing that what the 14C method measures is dependent upon
incubation duration and growth rate of the phy- toplankton. In particular, typical short-term
incubations (~1-3 hours) show something far from net primary production and much closer to
gross primary production. One conclusion from that work is that we should avoid short-term 14C
incubations entirely. Barring that, we must consider that the dataset employed in the present
paper will have some significant error (>40%) which cannot be resolved without knowledge of
corre- sponding growth rate of the natural phytoplankton assemblage. Some recognition and
discussion of this needs to be presented.

To our knowledge there is not a perfect method to measure primary production,
long term incubation suffer from bottle effects. These can be particularly important in the
mixed layer where incubation at a constant depth is not representative of the irradiance
received by the phytoplankton population of the mixed layer. Short incubations reduce
these artifacts but are straddling the gross and net primary production measurements
depending on the timescale of the measurement. The Hasley papers pointed out by the
reviewer makes this point very clearly through experimental determination of gross and net
photosynthesis.

Of course our intention with this paper was not to address these questions.
Nevertheless, we agree with the reviewer that an attempt to contextualize our measurement
can be useful for future users. We have added the following paragraph to our paper :

Short-term incubations allowed us to obtain a large number of samples in a
relatively short time. The construction of PvsE curves at many depths allows easy modeling
of primary production for any irradiance at any depth. As with the longer-term incubations,
short-term incubation, however, suffer from their limitations (Cullen, 2001; Marra, 2002).
In the case of short-term incubations, the most limiting problem lies in the interpretation of
the measurements, in particular whether the gross or net primary production was
measured. To know where the measurement fall between these two extremes, the growth



rates must be known (Dring and Jewson, 1982; Halsey et al., 2010; Halsey et al., 2011); we
did not have such measurement during the cruise. Previous measurements performed in the
Arctic, however, suggest that given the right model, calculation made with PvsE curves of
the daily-integrated primary production obtained from 2 to 4 h incubation provide
equivalent results to deck incubations for 24 hours (Harrison et al., 1985). The same
authors note that temperate waters do not show the same results.
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Second, and perhaps more philosophically, what is the purpose of predicting Pmax_chl at depth?
Cells below the depth of the mixed layer are generally light limited, right? That is, Pmax_chl is
likely only realized by the phytoplankton inhabiting the surface mixed layer, right? And when
mixed layers are deep, even that statement may not be true, particularly at extremely high
latitudes where incident irradiance is generally low. If true, some further justification is needed
for the primary goal of the paper. Perhaps I’'m wrong here, but this could be addressed by
evaluating the in-water irradiances relative to the estimated Ek’s.

There are many reasons to study and describe photosynthetic parameters that go
beyond the estimates of primary production : studies of photoacclimations or
photoadaptations in arctic water could make good use of a comparison with our dataset. As
such, we feel that it is justified to describe and publish these parameters whatever the level
of saturation of the photosynthetic apparatus is at any depth.

This said, the question of the reviewer piqued our curiosity and we made a quick
comparison in the figure below. The x-axis represents the maximum PUR irradiance that



would have been measured at the sampling location for a given sample for the whole cruise
divided by the E,,  for that sample. The maximum irradiance was computed using the
maximum irradiance measured on the deck during rosette casts multiplied by the percent
irradiance at the sampling depth. There is a clear decreasing relationship with depth, but
many deep samples have values that are around 2 or greater indicating that the irradiance
is greater than E,;; and that the primary production from these samples cannot simply be
computed using a linear relationship.
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Specific Comments:

The point for distinguishing whether a water sample is “dominate” by microplankton or not is
0.65 thorughout the paper. Why are values shown in Figure 6 truncated at 0.3?

The colorscale used was incorrect, it was representing a value that was directly
proportional to the Microplankton fraction but not the microplankton fraction. We have
made a new figure. The figure is very similar to the previous one since the two colorscale
are linearly related. Thank you for pointing this out.

There are no reference to Figures 8B&C anywhere in the text.



This was corrected by adding appropriate reference in the paragraph discussion Figure 8.

Technical Corrections:The paper is generally well-written and I did not find any technical
problems. References:
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