Response to reviews of The Influence of Gulf Stream Eddies and Meanders on Near-Surface Chlorophyll

We thank the three reviewers for the comments and suggestions on how we can improve our manuscript.  As you will see, nearly all of the recommended changes have been made – in only a few cases have we chosen not to follow the referees’ advice, and in those circumstances we have provided a detailed explanation. 
Our responses are shown in bold and the relevant edited text is included as italicized text in indented paragraphs.
Sincerely,


Peter Gaube and Dennis McGillicuddy  

===================================
Comments from the reviewers:
===================================
Reviewer 1: ACCEPT
The authors conduct a joint observational and modeling studies of Gulf Stream eddies and meanders to quantify the importance of wind-driven upwelling and entrainment on chlorophyll, both of which play a role. 
This is a paper I (favorably) reviewed previously for DSR, where I raised a few stylistic concerns.  These have sort of been attended to in this revision, although clearly the authors have had more work to do elsewhere. 
The content of the paper was fine in the previous version, and still is so.  In summary, I recommend the paper be published in DSR. 
We thank Reviewer #1 for the helpful comments made during the last round of reviews and are pleased to see that their assessment of our revised manuscript concluded in their comments being adequately addressed.


===================================
Reviewer 2: ACCEPT
Ln 175: Should “the eddies intensification” just be “eddy intensification”?
We thank reviewer # 2 for the helpful suggestions.  The line in question has been modified as follows (Line 173):
The expected temporal evolution of CHL as a result of upwelling/downwelling during early life stages is expected to be positive in cyclones and negative in anticyclones with the greatest rate of change occurring during eddy intensification (Gaube et al. 2014).
Ln397-398: The last sentence in the figure caption is not necessary since it already in the text.
The sentence in question was added at the request of a previous reviewer.  Therefore, we have chosen to retain the statement out of respect of their request.
Ln 500-504: Most of this information should be in the methods and not the figure caption.
We have moved some of the information to the methods section, starting at line 399:
The GS region is defined here by an envelope with northern and southern boundaries 2° north and 7° south of the north wall, which enclose the area of large CMS amplitudes associated with the GS (Figure 2c, f and i). The GS north wall was defined by the mean location of the 15° isotherm at 200 m, as suggested by Fuglister (1963), and is indicated by a solid black curve in all panels. The observed GS north wall was computed from climatological temperature profiles collected in the World Ocean Atlas 2005 (Locarnini et al. 2006).  
We chose to retain the discussion of the interpolation of the observations to a common grid in the figure caption.
===================================
Reviewer 3: MAJOR REVISION
Summary:
Gaube and McGillicuddy analyze SSH and chlorophyll data measured from space along with two eddy-resolving coupled physical/biological models. One of the simulations includes "eddy-induced" Ekman pumping while the other does not. The region of interest is the "Gulf Stream Region".
The main conclusions  are: (1) surface chlorophyll concentrations increase within anticyclone eddies as they get older. (2) the simulation including  "eddy-induced" Ekman pumping  reproduces this increase, while the simulation without "eddy-induced" Ekman pumping  does not.
The hypothesis is that "eddy-induced" Ekman pumping  increases the nutrient supply to the surface which leads to increased phytoplankton growth, which can sustain a higher phytoplankton standing stock, which eventually shows itself as higher surface chlorophyll concentrations to space.
Evaluation:
The approach, combining the satellite data with the two simulations, is very good and the research is of high interest to the wider audience addressed by Deep-Sea Research. What I miss, however, is a discussion on controls of phytoplankton growth (and associated dynamics of chlorophyll) in the region and an evaluation if the applied models realistically reproduce these controls. Such a discussion would strengthen the paper considerably.
We again thank the reviewer for this suggestion.  Please see our response below.
Here is what I think is the weak point:
The authors assume that phytoplankton/chlorophyll dynamics in the region of interest is governed by the availability of nutrients. But their assumption does not apply for the whole model domain and throughout the year: e.g. World Ocean Atlas surface values of nitrate in January typically exceed 2mmolN/m^3 over much of the region of interest and 2mmolN/m^3 is a high value and characterizing nutrient replete conditions rather than nutrient-limited ones.  
[bookmark: OLE_LINK1]We agree that seasonally phytoplankton growth may not be limited by nutrients in some regions of the model domain.  Our focus is on the influence of eddies on near-surface CHL, in particular, on the temporal evolution of CHL in anticyclones in observations and the two simulations.  To test if nutrients are indeed limiting in anticyclones, in the composite average sense, we constructed composite averages of surface nutrients (Fig. R1) and compare them to their half-saturation constants (see now included as a new Table 2 in the manuscript and also included below).  For diatoms in the simulation, both NO3 and NH4 are below their respective half-saturation constants in eddies of both polarities (Table 2 and Fig. R2a and b), suggesting that nitrate and ammonium concentrations likely act to constrain diatom growth ratesare indeed limiting.   Small phytoplankton do not appear to be limited by NO3 or NH4 in eddies (Table 2 and Fig. 2b).  The surface concentration of PO4 does not appear to be limiting phytoplankton growth in Gulf Stream eddies.  (Table 2 and Fig. R2c). Figure R1: Composite averages of eddy-centric macro nutrient concertationconcentration.  Contours are of SLA anomalies.  Composites are shown from the simulation with eddy/wind interaction, composites from the simulation without this interaction are very similar.  Units are in mmol m-3.

The apparent nitrate limitation in the composite averages raises the question of how surface nitrate and ammonium concentration are consistently below the half-saturation constants for diatoms, yet CHL increases throughout the lifetime of an anticyclone (e.g., Figs. 8b and d).  This is likely a result of upwelled nitrate being consumed by the phytoplankton in as it enters the euphotic zone, preventing an accumulation of nutrients at the surface. 
As our analysis aims to elucidate the eddy-driven trends in CHL, and their mechanism, we propose that our analysis of year-round data is valid.  We have made edits to the manuscript which are detailed in the response to Reviewer #3’s comment below. 
Maybe it does not make sense to include winter time data where (top-down control, or light-limitation, or both prevail) in the analysis? In any case, I think a brief discussion on where/when nutrient limitation is to be expected would make the paper more appealing.  
As we discussed above, in the composite averages sense, nitrate and ammonium in anticyclones appear to impose a limitation on diatom growth rates.  We explored how composite-averages of CHL” differed from summer to winter.  The spatial structure and magnitude of the CHL” composites in winter and summer are remarkably similar, as are their magnitudes (Fig. R2).
We agree with the reviewer that in the winter, other controls (esp. grazing and light limitation) may pose the primary control on CHL biomass.  The two simulations are posed with identical photoacclimation and grazing formulations.  To test the relative influence of these controls, additional simulations could be constructed where these parameters are modified.  It is our opinion that this is well beyond the scope of the current study, but we thank the reviewer for suggesting that we discuss this limitation in the manuscript.Figure R2: Composite averages of CHL” overlaid with contours of SLA in summer (left two columns) and winter (right two columns).

The following paragraphs have been edited, starting at line 793, including the addition of a new data table (Table 2).  Underlining indicates edits made during this round of revisions. 
[bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK36][bookmark: _GoBack]In addition, climatologies of nutrient concentrations indicate that at times, phytoplankton growth may not be limited by nutrients (Conkright et al. 2002).  Analysis of the eddy-centric composites of surface macro-nutrient (NO3, NH4, PO4) concentrations in the simulations indicated that on average, both NO3 and NH4 are below their respective half-saturation constants for uptake by diatoms in eddies of both polarities (Table 2).  This suggests that nitrogen is indeed limiting for diatoms in an average sense, suggesting that nitrate and ammonium concentrations likely act to constrain diatom growth rates.   Small phytoplankton do not appear to be limited by NO3 or NH4 in eddies (Table 2).  The surface concentration of PO4 does not appear to be limiting phytoplankton growth in Gulf Stream eddies.  
Both top-down (grazing) and seasonal alleviation of nutrient limitation could result in temporal trends in eddy-centric CHL.  However, without in situ estimates of vertical and horizontal fluxes of nutrients and grazers in evolving GS eddies and meanders, the conclusions drawn from the simulations presented herein cannot be confirmed.  Repeat occupations of evolving GS eddies and meanders (The Ring Group 1981, Joyce 1985, Wiebe & McDougall 1986, Wiebe & Joyce 1992), including studies of the grazer community and tracer release experiments to constrain fluxes [e.g. Ledwell et al. (2008)], could be used to test the model-based conclusions presented here.
[image: ]

Further, I suggest including the equations of the biogeochemical model including a list of all model parameters (maybe in an appendix). 
We thank the reviewer for the recommendation, but respectfully have decided not to include such a list as the model is well described in the literature.  We point to many references describing the model in section, in particular at line 288:
The coupled physical/biological model used in this study is described in detail in Anderson et al. (2011).  
We also cite numerous papers describing the equations in the biogeochemical model, starting at line 297:
The biological module is the 24-box biogeochemical element cycling (BEC) model that includes three phytoplankton groups: diatoms, small phytoplankton and diazotrophs and a single zooplankton community that grazes upon the three phytoplankton classes (Moore et al. 2004, Moore et al. 2006, Moore & Doney 2007).  
Also a (short) evaluation of simulated surface nutrient fields would make the paper more convincing. Such an evaluation should give guidance on the question if the simulated "nutrient-limited" regions/seasons are corresponding to observed "nutrient-limited" regions/seasons. 
We hope that our presentation of the macronutrient composites above has helped to shed some light on how eddies may influence surface nutrient concentration.  
This is of special importance as there is a strong mismatch between simulated and observed chlorophyll variability (spurious chlorophyll maxima in Fig. 2 described by the authors themselves on pg. 25 ln. 468). 
We thank the reviewer for suggesting that the simulated nutrient fields may be responsible for the differences in the mean and variance of the basin-scale CHL fields.  It is quite possible that the simulated nutrient fields differ from observations.  It is important to note that the simulations were initiated from climatological nutrient concentrations (Anderson et al. 2011) and therefore the nutrient field may have drifted following model spin-up.  In our discussion of the differences of the mean CHL fields, we noted that (at line 464) “… that the large differences between the observed and simulated CHL fields likely result from model errors.” 

===========================================================
===========================================================
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Table 2: Half-saturation constants (k) of macro nutrients in the simulation
with eddy-induced Ekman pumping and their composite-averaged values in the
cores of anticyclonic and cyclonic eddies. All concentrations reported in units
of mmol m=3.

NO; NH, PO,

k Diatoms 2.5 0.08 0.02
k Small Phyto. 0.5 0.005 0.005
Anticyclonic Eddies 0.9  0.025 0.06
Cyclonic Eddies 1.2 0.055 0.09
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