
Sato et al. conducted a field study to investigate the distribution of non-cyanobacterial diazotrophs 

(NCDs), especially Gamma A, around the Kuroshio region and used a combination of dilution 

experiments and quantitative PCR to explore the top-down control of microzooplankton grazing on 

Gamma A. The topic is interesting and will attract many audiences interested in marine nitrogen 

fixation. Overall, the manuscript is well-written. However, some issues need to be addressed prior to 

publication. 

 

We thank Referee#4 for the insightful and constructive comments. In the revised manuscript, 

we have revised the terminology for growth rates as suggested and added an explanation on the 

effect of nutrient concentration on Gamma A abundance. Additionally, as recommended by 

Referee #5, we conducted a generalized linear mixed model (GLMM) analysis instead of a simple 

correlation analysis to assess the potential factors controlling Gamma A abundance. Details are 

provided below.  

 

General comments 

My major concern is about the calculation of the growth rate of Gamma A and the whole phytoplankton 

community via the dilution technique. The authors mention three kinds of growth rates: the maximum 

growth rate (μmax), the net growth rate without nutrient enrichment (μ0), and the net growth rate with 

nutrient enrichment (μen). The μmax is the growth rate of phytoplankton (Gamma A) under nutrient-

replete conditions. It is not the in situ growth rate because phytoplankton growth could be limited by in 

situ nutrient concentrations. It is reasonable to name it the maximum growth rate, although it is rarely 

seen in previous dilution papers. The μ0 and μen are the apparent growth rates in the 100% seawater 

bottles, which involved the effects of microzooplankton grazing. They should equal the instantaneous 

growth rate (μ) – grazing mortality rate (m). Therefore, to calculate the in situ instantaneous growth 

rate, we can use the net growth rate in the bottles without nutrient enrichment and the grazing rate: μ= 

μ0 + m. Please refer to Marrec, P., et al. (2021), Seasonal variability in planktonic food web structure 

and function of the Northeast U.S. Shelf. Limnol Oceanogr, 66: 1440-

1458.https://doi.org/10.1002/lno.11696. To my understanding, comparing μmax and μ can reveal the 

effects of nutrient addition on phytoplankton's growth rate and evaluate whether the in situ nutrient 

condition limits it. By contrast, the μ0 and μen involve grazing loss, and it is hard to identify the effects 

of nutrients. 

 

  We appreciate this comment and agree with Referee #4. We have revised the terminology for 

growth rates throughout the manuscript. In the revised manuscript, we now use nutrient-amended 

instantaneous growth rate (µn), in situ (without nutrient-amended) instantaneous growth rate (µ0), 

and nutrient-amended net growth rate (kn), following Marrec et al. (2021) (L163–172). We also 



updated Figure S1 to clarify these growth rates as shown below. Additionally, we compared the 

nutrient-amended instantaneous growth rate (µn) with the in situ instantaneous growth rate (µ0) 

to assess the effects of nutrient additions on the growth rates of phytoplankton and Gamma A 

(Figure 5). Consistent with the original manuscript, we found no significant effect of nutrient 

amendment. 

  

 

Part of Figure S1. Schematic illustrating mortality and growth rates (µn: nutrient-amended 

instantaneous rate. m: mortality rate by microzooplankton grazing. µ0: instantaneous rate without 

nutrient-amendment. kn: nutrient-amended net growth rates) 

 

The authors would like to highlight the top-down control of microzooplankton biomass on Gamma A. 

However, nutrient concentration is one of the important factors. Although nutrient addition did not 

increase the growth rate of Gamma A in the dilution experiments, it affects the growth rate directly but 

not the abundance. The abundance of Gamma A is significantly correlated with nutrient concentration, 

which would indicate the nutrient effects on Gamma A's distribution. Therefore, I suggest discussing 

this part more comprehensively. 

 

  We appreciate the constructive comment. As a result of generalized linear mixed model analyses, 

nitrate and temperature had negative and positive effects, respectively, on Gamma A distribution 

across all light depths in the study region. This is consistent with a recent data compilation of 

global Gamma A abundance (Turk-Kubo et al., 2023). In addition, microzooplankton grazing 

showed negative effect on Gamma A abundance in the 25% light depth where dilution 

experiments were conducted. We therefore consider that warm and oligotrophic conditions were 

prerequisites for Gamma A proliferation, and that under such conditions, active 



microzooplankton grazing likely controls Gamma A distribution. We added this discussion at 

L344–350. 

  

Specifical comments 

  

Line 20: microzooplankton grazing mortality rate 

 

 Corrected 

 

Line 26: microzooplankton grazing mortality rate of Gamma A 

 

 Corrected 

  

Lines 27-28: The nutrient concentration also affects the distribution of Gamma A, as Table 2 shows a 

significant correlation between them. This sentence seems to negate the effect of nutrients. 

 

 We revised the sentence as follows (L27–28).  

"This suggests that microzooplankton grazing, as well as nutrient concentration, plays a vital role 

in constraining Gamma A distribution in the Kuroshio region. " 

  

Line 85: “quantify” should be better than “understand”. 

  

 Corrected 

 

Line 97: How much seawater was collected for Chl a samples? What kind of membrane is used for 

Chl a filtration? Please provide the details. 

 

  We added the following sentences about Chl a samples collection (Line 98–101).  

"For Chl a analysis, seawater (250 ml) was filtered on 25-mm diameter Whatman GF/F filters 

(Whatman, Maidstone, UK). Chl a was extracted using N, N-dimethylformamide and measured 

using a Turner Design 10 AU fluorometer or Trilogy fluorometer (Turner Designs, California, 

USA). " 

  

Line 160: I cannot understand how to calculate the net growth rates without nutrient enrichment. It 

should be the net growth rate of the 100% seawater without nutrient addition, i.e., the apparent growth 

rate estimated from these two bottles. 



 

In the revised manuscript, we no longer use the net growth rate without nutrient enrichment. For 

details on the growth rates used in the revised manuscript, please refer to our response to the 

General Comment.  

 

Line 227: The average value of the maximum growth rate of Gamma A should be mentioned. 

  

We added the average value for the nutrient-amended instantaneous growth rate (previously 

referred to as the maximum growth rate in the original manuscript) as follows. 

"The nutrient-amended instantaneous growth rate (µn) of Gamma A ranged between 0.37–1.76 

d–1 (average: 1.05 ± 0.42 d–1) with the maximum at the St. SY2104 in the spring and the minimum 

at the St. C2800 in the winter (Fig. 4 (b), Table S1). " 

 

Fig. 4: What is the optimal growth rate? It did not occur in the main text. 

  

We apologize for this careless mistake. The term “optimal growth rate” should be replaced with 

“nutrient-amended instantaneous growth rate (µn)”. We corrected. 

 

Line 251: the grazing mortality rate of Gamma A 

  

 Corrected 

 

Line 251: Add the result of the significance test after this statement. 

  

 We added the result of statistical analysis after the sentence. 

 

Line 293: “In situ μmax ”is strange because μmax is the maximum growth rate with nutrient enrichment 

of phytoplankton. It is not the growth rate under in situ conditions. Same problem in line 297. 

  

 We agreed. We revised as suggested. 

 

Line 300: not only… but also Gamma A has… 

  

 Corrected 

 

Lines 312-313: what do “ a distinct ecological strategy” mean? Please provide more details. 



  

Thank you for the comment. We added more details like below (L330–333). 

"Our study inferred that Gamma A may have a distinct ecological strategy for iron- and/or 

phosphate-stress from cyanobacterial diazotrophs. For example, as a non-photosynthetic 

bacterium, Gamma A might have lower iron requirements than cyanobacterial diazotrophs, which 

require iron for both photosynthesis and nitrogen fixation." 

 

Line 320: change “including” to “especially” and add a comma before “remains”. 

  

 Corrected. 

 

Line 340: According to Fig. 4c, some points are far from the 1:1 line, indicating lower grazing rates at 

some stations. Therefore, this statement is imprecise without mentioning these points. 

  

We agree. We revised the sentences as suggested like below (L364–365).  

" While Gamma A showed the lower grazing mortality rate than its growth rate at some stations, 

the grazing mortality of Gamma A is generally balanced by the growth rate (Fig. 4(c); t test, p > 

0.05)." 

 

 

Line 347: Delete “successfully” 

  

 Corrected. 

 

Line 347: Add “around the Kuroshio region” after “Gamma A”. 

  

 Corrected 

 

Line 351-352: I cannot understand this sentence. Why fixed nitrogen can be introduced into food webs 

on a global scale? Please rephrase it. 

 

We apologize for the unclear sentence. Because Gamma A is broadly distributed in subtropical 

and tropical oligotrophic regions, we consider that nitrogen fixed by Gamma A could be 

introduced into food webs across wide areas of the ocean. We have rephrased the sentence as 

follows (L377–379). 

"Given the widespread presence of Gamma A in subtropical/tropical oligotrophic waters, 



nitrogen fixed by Gamma A may be broadly introduced into food webs, particularly in warm 

oligotrophic regions." 
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