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September 4, 2012
Dr. Kevin Sellner
Guest Editor, Deep-Sea Research II
Dear Dr. Sellner,

I am pleased to resubmit the following revised manuscript for publication in Deep-Sea Research II:

McGillicuddy, D.J., Townsend, D.W., Keafer, B.A., Thomas, M.A., and D.M. Anderson. Georges Bank: a leaky incubator of Alexandrium fundyense blooms.
My co-authors and I are grateful for the constructive comments provided by the two referees, and we have incorporated nearly all of their suggestions into the revised version.  A detailed narrative of our responses to each of the referees’ comments (in bold) follows.

We also made some minor changes not requested by the referees.  Specifically, the dots in the legends of Figures 6 and B6 were made bigger to improve readability.  Also, we note in the caption of Figure 2 that the live counts from fall 2007 are presented for informational purposes only and not included in further analysis.  To avoid any possibility for confusion, we also added statements to the captions of Figures 9 and 10 indicating that the live counts from fall 2007 were not included in those plots.  Lastly, we revised the paragraph in the conclusions section that deals with regional differences in toxicity, including a reference to the Deeds et al. manuscript in preparation for submission to this volume.
For your convenience, I have attached both a “clean” and a change-tracked version of the revised manuscript.  I hope you will find the revised manuscript suitable for publication.
Sincerely,

Dennis J. McGillicuddy, Jr.

Reviewer #1:

General:

The manuscript reports on a rich database that, in my opinion, is not matched by the description and discussion in the text. Several aspects of the manuscript (see below) would benefit from a more thoughtful consideration of the full database and more information on how the environmental conditions relate to what is known about Alexandrium biology. I support publication of a revision that considers my concerns.
We thank the referee for this assessment.

Specific:

Pg5: Detailed surveys: refer to Table 1.
Done.

Fig. 1 contains no station positions, only circulation.
Reference corrected to Figure 2.

Is there any lab culture information on the relative toxicity of A. tamarense and A. fundyense?

We now make reference to inter-species variations in toxicity in the Conclusions (see comment on p. 15 below).  The Anderson et al. 1990 reference pertains directly to A. tamarense and A. fundyense.
Pg6: “of of”.
Corrected.

Pg9: The vertical sections across the bank are quite small. Can these be re-scaled?
We tried many different renditions of this graphic, and feel this is the best we can do while still including all 8 variables in a single figure.  In order to make the sections larger we would have to split the variables out into multiple figures, which would make intercomparisons more difficult and require more space.  We chose not to do so, but defer to the editor if such changes are deemed necessary.

Only the vertical sections from May 2007 are discussed in any detail. Appendix A is offered without comment. I believe that a brief description of the vertical profiles from other times within Appendix A is a minimum condition for inclusion in the manuscript. Otherwise, this looks like a data dump.
We respectfully disagree with the referee on this point.  The material in Appendix A serves two important purposes.  First, in section 3.2 it justifies our use of a single set of sections (Figure 3 from May 2007) as an example of the general patterns we observed.  Appendix A allows readers to judge for themselves how representative the chosen example is.  Second, 
in section 4.4 it serves to substantiate our claim that there is no systematic relationship between A. fundyense concentration and chlorophyll a, phosphate or silicate—whereas a pattern does emerge with temperature, salinity, nitrate plus nitrite, and ammonium.  If we were to not provide this material as an appendix, the reader would have no way to judge the veracity of these statements.  As such, we think it is very important to include this material.  One change we did make to address the referee’s concern is to explicitly state that the May 2007 data presented in Figure 3 are an example of the patterns we see, backed up by the complete atlas in the appendix.  This change is made in the first reference to Figure 3 in section 3.2.
Pg.10: Why not reference Fig. 5 for seasonal variability?
Reference to Figure 5 added.

Pg 11: A brief summary of the compatible patterns described in Appendix B would be useful here.
We have clarified the compatible pattern as the “May – August seasonal window for blooms on Georges Bank”.

Is the only use of Fig. 7 a reference to the lower right panel?
The primary purpose of Figure 7 is to illustrate the spatial structure of the water mass change from late May / early June to late June / early July 2008, and how that compares to 2007—and for that purpose there is a reference to Figure 7 in the second sentence of the paragraph in question.  The reference to the lower right panels in Figure 7 pertains to the origin of the water mass change, and that is located further down in the same paragraph.

Pg12: Is it possible to put the drifter path on Fig. 8.
Done.
Pg13: Again, I believe that Appendix A is poorly used.
See response above.
Can the abundance of a nutrient also be a symptom of little use? 
Although it is possible that the “abundance” of ammonium (3µM) could reflect a lack of utilization, we emphasize that the ammonium concentrations associated with the highest concentrations of A. fundyense range from the limit of detection up to 3µM.  We have toned down the sentence in question to say that the observations “are consistent with” use of ammonium as a source of nitrogen, replacing the stronger language “suggesting” use of ammonium.
What is known about the nutritional requirements of Alexandrium from culture work?
At the end of the paragraph in question we now make reference to the fact that utilization 
of ammonium has been demonstrated both in laboratory culture of A. tamarense (Leong et al. 2004) and in experimental enrichment of natural populations of A. fundyense (Hattenrath et al. 2010).  
Pg14: What is generally known about environmental conditions that favor Alexandrium growth and mortality?
We have added a paragraph on this subject to the end of section 4.4.  It focuses on growth rate because so little is known about how environmental conditions affect mortality of A. fundyense.

“Given the wide range of temperatures at which A. fundyense resides in the region, it is primarily salinity that makes the Georges Bank population distinct from a hydrographic point of view (Figure 10).  However, the higher salinities characteristic of the Georges Bank environment are not sufficient to bring about an appreciable difference in maximal growth rate, as laboratory cultures suggest weak salinity dependence in this range (Etheridge and Roesler 2005; Prakash 1967).  Thus the distinctness of the hydrographic niche of the Georges Bank population may be of relatively minor consequence from an ecological point of view, except for its utility as a diagnostic of oceanographic isolation from the surrounding populations.”
Pg15: Can the suggestion of different toxin quota and genetically distinct Alexandrium subpopulations be expanded? Does this mean different sources or different responding subpopulations of a general pool to different growth conditions?
We have expanded the discussion of differences in toxicity and toxin composition, and it is now a separate paragraph in the Conclusions section:

“Additional support for the hypothesis that A. fundyense populations on Georges Bank are quasi-separate is provided by observations of toxigenic properties.  Petitpas et al. (this issue) report cellular toxin quotas that are consistently lower on Georges Bank than in the coastal Gulf of Maine.  Deeds et al. (this issue) document differences in toxin composition between Georges Bank and the coastal Gulf of Maine in two out of the three years sampled.  The underlying causes for these variations are not clear, as toxin production can be affected by a variety of factors including nutritional status, growth phase, and environmental conditions—all of which can be distinct for different species, and even isolates within species (Anderson et al. 1990; Etheridge and Roesler 2005; Poulton et al. 2005).  Leong et al. (2004) found intracellular toxin production in cultures of A. tamarense varies as a function of nitrogen source, with ammonium yielding a higher toxicity than nitrate or urea.  Given that cellular toxin quotas are actually lower on Georges Bank where the population appears to be relying on ammonium, the observed variations in toxicity are more likely driven by physiological differences.  Indeed, comparisons of microsatellite markers among various subpopulations in the region suggest that the Georges Bank population is genetically distinct (M. Richlen, personal communication).”  
Can the tidal pumping that contributes to the nutrient TSN niche of Alexandrium also be responsible for the delivery of seed cells? Is a subsurface delivery conduit from coastal cyst beds, 
like in the Bay of Fundy, a possible source of seed cells based on the flow patterns in Fig. 1? Does what is known about Alexandrium excystment and vegetative cell behavior allow for such a scenario? 
As per the referee’s suggestion, we have amplified our initial treatment of this topic in the first paragraph of the Conclusions:  “It is possible that near-bottom suspended cysts could be transported onto the bank from adjacent deep basins by the same tidal pumping mechanism that contributes to the cold, salty, nutrient-rich hydrographic environment.  However, the deep basins have not yet been sampled for suspended cysts (Pilskaln et al. this issue), so it is not possible to assess this potential.”

Reviewer #2:

This is a well written and straightforward paper that essentially explores/describes the seasonal and interannual bloom dynamics of A. fundyense in the Gulf of Maine.  Having seen much of this work and the underlying hypotheses presented at various meetings, it's nice to see a publication coming out on it and it would obviously fit well with the Special Issue. I would recommend publication after some minor edits are fixed and two more moderate issues are addressed. 

We thank the referee for this assessment.

The two issues are that (1) some more references need to be added about the use of ammonium by Alex. This is an intriguing idea that has not been fully explored in the past, and it clearly lays the groundwork for some more detailed studies. I know there is not that much in the literature (at least for the Gulf of Maine specifically) but the hypothesis fits well with the publications of Love et al. 2005 (who hypothesized that the large pool of DON was being converted to ammonium and used by Alex) and Hattenrath et al. 2010 (who showed anthropogenic nutrients, including ammonium, driving Alex growth). 
We have added a reference to Leong et al. (2004), demonstrating utilization of ammonium by A. tamarense in laboratory culture, and a reference to Hattenrath et al. (2010) documenting use of ammonium in experimental enrichment of natural populations of A. fundyense.  The reference to Love et al. (2005) seems a bit remote as there are no direct observations of ammonium uptake—only the speculation that DON is converted to ammonium and subsequently taken up by A. fundyense.

I would also point out that there's not much discussion about the apparent contradiction between Alex associated with cold, salty [i.e. high nitrate) water and also being associated with low nitrate and high ammonium. I would argue that the nitrate was drawn down by the community (possibly including Alex) and that Alex does better on ammonium than the other members of the assemblage. The authors say something similar in the discussion, but I think it could be discussed in more detail. 
We devote a paragraph to this topic in the Conclusions section, quoted below.  I am not sure what else we could say that would not be repetitive, so we have chosen in this case not to follow the referee’s suggestion.
“A. fundyense cells on Georges Bank occupy a hydrographic environment that is colder and saltier than their coastal counterparts, and it is tempting to speculate on the processes that lead to this distinct niche.  Tidal pumping is thought to be the primary mechanism by which cold, salty, nutrient-rich water is brought up onto the bank, primarily along the northern edge (Franks and Chen 2001; Horne et al. 1989; Hu et al. 2008; Ji et al. 2008).  The bulk of the new nitrate is presumably taken up by phytoplankton other than A. fundyense, given that it makes up such a small component of the autotrophic biomass.  Apparently, as nitrate is removed and the phytoplankton species assemblage transitions to one that is fueled by recycled production, A. fundyense begins to proliferate…”  

The second issue is that Figure 9 is very pretty, but there are plenty of quantitative statistical tests that could (should) be applied to demonstrate the relationship(s). Depending on your preference, canonical correlation, MDS, ANOVA, or even multiple linear regressions should be able to more quantitatively link the environmental variables to Alex abundance. 

At the referee’s suggestion, we applied a number of statistical analyses to the data, including both MDS and cluster analysis.  None of these revealed any new relationships amongst the variables beyond that which we have already described, so we did not include either MDS or cluster analysis in the revised manuscript.  However, we did assess the statistical robustness of the hydrographic niche of A. fundyense on Georges Bank (Figure 11) by fitting a simple linear/quadratic model to the cell concentration data C as a function of temperature (T) and salinity (S).  The model takes the form log(C+1) = a + bT + cS + dT2 + eS2 + ε.  As expected, the coefficients for salinity sensitivity (c and e) for the Georges Bank data were significantly different (p = 0.01,0.02 respectively) from those for the eastern and western Gulf of Maine observations.  The coefficients for temperature sensitivity (b and d) were not significantly different among the regions (p = 0.3,0.4 respectively).  This material has been added to the end of section 4.4.
Some other minor comments are included below. The first few comments are from one of my grad students whom I asked to read the paper as well. 

In the introduction they talk about PST levels far in excess of regulatory limits, is it necessary for them to mention what the regulatory limits are, or is assumed those that are reading the paper will know? 
In our opinion the regulatory threshold of 80 µg STX per 100 g of shellfish wet weight is an unnecessary detail in this context—the point is that PSTs were above the threshold for safe human consumption.

I was surprised that they did not do PST measurements though they mention toxicity measured in earlier years (1990 and 1992). They talk about the issues with toxicity in the area studied but then don't measure it themselves. I see now that maybe Petitpas is going to be talking about toxicity in this same issue? 
Yes, the connection with toxicity measurements made in the GOMTOX program is made in the Conclusions section, by way of reference to Petitpas et al. (this issue) and a new reference to Deeds et al. (this issue).
Also, they talk about the classical paradigm of plankton species succession in the introduction and the conclusions but I don't see any evidence that they really took this into account during their results. Maybe it isn't really important for this paper but it was something I was thinking about especially when they were talking about nutrients and the time of year. 
We do indeed return to this issue of species succession in the Conclusions section, linking this idea with the oceanography of Georges Bank:  “…Apparently, as nitrate is removed and the phytoplankton species assemblage transitions to one that is fueled by recycled production, A. fundyense begins to proliferate.  As this succession unfolds, the clockwise 
around-bank circulation tends to displace the community from the location of the initial injection of nutrients, which may explain why highest concentrations of A. fundyense are often found on the Southern Flank.”
p. 3: provide genus/species for the scallop
Done.
p.5: Figure 1 doesn't have the station positions, unless you mean the general regions where stations were occupied. 
Reference corrected to Figure 2.

p. 6: remove "of" where it says of of 
Fixed.

p. 9: While it may generally be true that the cells are spread through the water column, using Figure 3, the cells exhibit a fairly strong vertical gradient over the crest (given that it's a log scale) in the 2nd transect from the bottom (south) where the T and S are more homogenous. 
We have clarified this point by adding the following sentence: “It should be noted that although the vertical distribution is more uniform in the shallowest areas of the bank, the population is not entirely well-mixed—nor are the hydrographic properties.”

p. 13: this is mostly a personal annoyance but you shouldn't use 1-sentence paragraphs. 
The sentence in question was merged into the preceding paragraph.

Figure 2: even blown up to a fairly large size on my computer, the white dots are difficult to see. I would suggest either making the symbol size larger or switching to black, or both. 
Dots changed to black.

Dennis J. McGillicuddy Jr., Senior Scientist
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