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“ Spatiotemporal heterogeneity in diazotrophic communities reveals novel niche zonation on the 

continental shelf of the East China Sea” by Guangming Mai et al. 

We thank the editor and the reviewers for the constructive advice in the previous round of review, 

which we believe has led to a substantially improved manuscript. We have carefully examined the 

thoughtful, detailed comments provided by the reviewer #1 in this review, and accommodated them, in 

so far as possible. Our point-by-point responses are provided below in blue fonts with changes shown in 

red. Please note that all the line numbers mentioned in the response refer to those in the marked-up 

manuscript. 

 

Response to comments from Reviewer #1 

The manuscript has improved in several respects, particularly in the expansion of the methodological 

description and clarification of some technical points. However, these additions have not fully resolved 

my original concerns. Since novelty of this study largely hinges on the modeling framework, the validity, 

purpose, and advantages of the chosen model must be clearly demonstrated. At present, I am still not 

convinced by the explanation of MaxEnt and why it is preferable to more direct and standard statistical 

approaches. 

Response:  

We thank the Reviewer #1 for the comment. We have further revised the manuscript to justify our 

choice of the MaxEnt. We have integrated this justification into the Materials and Methods section to 

demonstrate the model’s validity and appropriateness for our framework. 

 

Major comment 

It remains unclear why a univariable MaxEnt–GAM framework is more suitable than generalized linear 

models (GLMs) or generalized additive models (GAMs) with multiple environmental predictors, in 

which each diazotrophic phylotype is treated as a response variable. Multivariable GLMs and GAMs are 

widely used to examine species–environment relationships, can accommodate nonlinear responses, and 

allow explicit treatment of covarying environmental effects (e.g., through variable selection, VIF, and 

information‐theoretic criteria such as AIC). 

  



Response:  

We thank the Reviewer #1 for the comment. We have further clarified the use of univariable 

MaxEnt–GAM framework over multivariable GLMs/GAMs in the Materials and Methods (section 2.5.3). 

Line 221-241: “Realized niches of diazotrophs in relation to environmental variables on the 

ECS shelf were determined in a combined framework implementing the univariate Maximum 

Entropy (MaxEnt) (Phillips et al., 2006) and GAM, as described by Irwin et al. (2012) and Xiao et 

al. (2018). This method was chosen over the standard multivariate generalized linear model (GLM) 

or GAM for several reasons to overcome the challenges in analyzing marine ecological data. While 

the multivariate models can capture species-environment relationships and nonlinear effects, they 

require reliable presence/absence records and treat non-detections as true absences, an assumption 

often invalid in undersampled, patchy marine systems where absences frequently indicate missed 

detection rather than actual exclusion. The MaxEnt component of our framework circumvents this 

issue by modeling presence data against background environmental conditions, making it more 

robust for sparse and patchy biological observations. Additionally, environmental variables in 

oceanic systems are often highly collinear (e.g., NOx and SRP), which in a multivariate model can 

obscure individual predictor effects, destabilize parameter estimates, and produce ecologically 

ambiguous response curves. Although collinearity may be reduced by variable selection techniques 

(e.g., variance inflation factors), it comes at the cost of excluding some key drivers that affect 

species niche traits. In contrast, the univariate approach examines the response along each 

environmental gradient, providing clear and interpretable niche estimate for robust, cross-

phylotype comparisons (Irwin et al., 2012). Finally, the combined framework used here can 

independently model two ecologically distinct niche components: the probability of occurrence (via 

MaxEnt) and the expected abundance when present (via GAM), thus avoiding the conflation and 

bias caused by the zero values in abundance data inherent to multivariate models. This framework 

has proven robust for sparse and heterogeneous biological data within environmental matrices, as 

demonstrated in prior studies of phytoplankton niches in the western Pacific marginal seas (Xiao 

et al., 2018; Zhong et al., 2020).”. 

  



At present, the manuscript does not sufficiently explain why a univariable MaxEnt–GAM approach is 

preferable to a multivariable GAM framework for examining environmental responses, nor what specific 

ecological insights are gained by using MaxEnt that could not be obtained more directly through these 

alternative and more standard approaches. While the MaxEnt–GAM framework appears nice approach, 

I would encourage the authors to more clearly articulate the rationale for its use to strengthens the 

conclusion. 

Response:  

We thank the Reviewer #1 for the comment. We have clarified in the Materials and Methods (Section 

2.5.3) why a univariable MaxEnt–GAM framework is adopted instead of multivariable GAMs, and have 

also strengthened the specific ecological insights that can be demonstrated by using this approach but 

not the other alternative approaches in the Conclusion (Section 5). 

Line 221-241: “Realized niches of diazotrophs in relation to environmental variables on the 

ECS shelf were determined in a combined framework implementing the univariate Maximum 

Entropy (MaxEnt) (Phillips et al., 2006) and GAM, as described by Irwin et al. (2012) and Xiao et 

al. (2018). This method was chosen over the standard multivariate generalized linear model (GLM) 

or GAM for several reasons to overcome the challenges in analyzing marine ecological data. While 

the multivariate models can capture species-environment relationships and nonlinear effects, they 

require reliable presence/absence records and treat non-detections as true absences, an assumption 

often invalid in undersampled, patchy marine systems where absences frequently indicate missed 

detection rather than actual exclusion. The MaxEnt component of our framework circumvents this 

issue by modeling presence data against background environmental conditions, making it more 

robust for sparse and patchy biological observations. Additionally, environmental variables in 

oceanic systems are often highly collinear (e.g., NOx and SRP), which in a multivariate model can 

obscure individual predictor effects, destabilize parameter estimates, and produce ecologically 

ambiguous response curves. Although collinearity may be reduced by variable selection techniques 

(e.g., variance inflation factors), it comes at the cost of excluding some key drivers that affect 

species niche traits. In contrast, the univariate approach examines the response along each 

environmental gradient, providing clear and interpretable niche estimate for robust, cross-

phylotype comparisons (Irwin et al., 2012). Finally, the combined framework used here can 

independently model two ecologically distinct niche components: the probability of occurrence (via 



MaxEnt) and the expected abundance when present (via GAM), thus avoiding the conflation and 

bias caused by the zero values in abundance data inherent to multivariate models. This framework 

has proven robust for sparse and heterogeneous biological data within environmental matrices, as 

demonstrated in prior studies of phytoplankton niches in the western Pacific marginal seas (Xiao 

et al., 2018; Zhong et al., 2020).”. 

Line 648-652: “Moreover, our adoption of the univariate MaxEnt-GAM framework provides 

ecological insights that are less accessible through conventional multivariate approaches, 

elucidating trade-offs among co-occurring diazotrophic phylotypes (e.g., the separation of UCYN-

A from diatom‑diazotroph symbioses) and broadening global phytoplankton niche domains.”. 

 

A similar concern applies to the use of simple correlation analyses. The authors state that correlations 

were used to avoid collinearity and to enable direct comparison; however, pairwise correlations do not 

remove the influence of covariables and therefore cannot disentangle direct from indirect effects. Given 

the available sample size, a multivariable GLM or GAM framework that quantifies the relative 

importance of each environmental variable would likely provide a more straightforward and interpretable 

approach. 

Response:  

We thank the Reviewer #1 for the constructive suggestion on the statistical approach. Following the 

recommendation, we have re-analyzed our data using a generalized additive model (GAM) framework 

to quantify the relative contribution of each environmental variable. The Materials and Methods and 

Results sections have been updated accordingly. We believe this revision rigorously improves the 

statistical analysis. 

Line 212-218: “Furthermore, a multivariate generalized additive model (GAM) with Tweedie 

distribution was used to estimate the relative contribution of environmental variables to variations 

in diazotroph abundances and NFRs, with explained deviance hierarchically partitioned (Lai et al., 

2024). Concurvity among variables was assessed, and all pairwise indices below 0.8 were kept to 

enhance model robustness. To identify key environmental drivers, we applied an automatic 

smoothness selection method, which effectively shrinks non‑significant terms to zero degrees of 

freedom and thus enables automatic variable selection (Marra and Wood, 2011).”. 

 



Line 390-393: “Hierarchical variance partitioning in GAMs further indicated that the 

measured factors explained 0.6–97.5% of the spatial variation in diazotroph abundances and NFRs 

(Fig. 7B). Temperature and salinity accounted for the majority (59.2% on average) of the explained 

variation, followed by nutrients and N:P ratio (37.5% on average).”. 

 

 

Figure 7. Relative contribution of environmental variables to diazotroph abundances and N2 fixation rates (NFRs) 

across distinct water masses on the East China Sea shelf during autumn and spring. (A) Correlation of diazotrophic 

phylotypes with environmental variables, water masses and NFRs, as indicated with Pearson coefficients. (B) 

Relative contribution of environmental variables to diazotroph abundances and NFRs, as indicated with the total 

deviance explained. Total, combined nifH gene abundances of the eight diazotrophs detected; CDW, Changjiang 

diluted water; CW, Coastal water; TSW, Taiwan Strait water; KSW, Kuroshio surface water; KSSW, Kuroshio 

subsurface water; *p < 0.05; **p < 0.01; ***p < 0.001. 

 

Other comments 

The interpretation of the niche mean (μ) remains unclear and internally inconsistent. As defined in the 

manuscript, μ is a weighted mean of the response curve and is described as representing the “central 

environmental condition.” This definition implies a central tendency or preferred condition. However, in 

the Discussion, μ is reinterpreted as reflecting environmental tolerance when model‐derived niche 

means conflict with observed abundance patterns and simple correlation analyses. This shift in 

interpretation should be clarified and made conceptually consistent throughout the manuscript. 

Response:  

We thank the Reviewer #1 for the comment. We have revised the Materials and Methods (Section 

2.5.3) to explicitly define μ as the “abundance-weighted mean environmental condition” for the 



diazotrophic phylotypes within the study area, and reaffirmed that σ represents the tolerance range. We 

have also added the clarifications regarding μ in the Discussion section in the revised manuscript. 

Line 259-260: “where μ represents the abundance-weighted mean environmental condition 

(i.e., the realized niche occupied by the phylotype in the study area), while σ indicates the 

phylotype’s tolerance range for a given variable.”. 

Line 565-572: “For instance, while Trichodesmium typically dominated in high-temperature, 

NOx-deficient waters (e.g., Jiang et al., 2025; Nguyen et al., 2025; Tang and Cassar, 2019), our 

modeling results indicate its realized niches characterized by cool temperatures (μtemperature = 23.5°C) 

and elevated NOx levels (μNOx = 6.93 μM). This change in niche means reflects a displacement of 

Trichodesmium population on the shelf during the physical transport of water masses along the 

temperature and nutrient gradients. Meanwhile, the broad niche breadths (σtemperature = 3.5°C; σNOx 

= 5.11 μM) also confirm the capacity of Trichodesmium to persist across these sub-optimal 

temperatures and variable nutrient conditions.”. 

 

UCYNC and GammaA are treated as nitroplast. However, these relationships remain suggested rather 

than conclusively demonstrated and should therefore be described more cautiously. 

Response:  

We thank the Reviewer #1 for the comment. We have described UCYN-C and γ-24774A11 as 

“putative diatom nitroplasts” in the revised manuscript. 

Line 13-18: “An overall spatial heterogeneity among some of the major diazotrophic 

phylotypes was unveiled, with the filamentous cyanobacteria Trichodesmium, diatom-diazotroph 

symbioses (Het-1 and Het-2), the unicellular cyanobacterial diazotrophs (UCYN-B) and 

Haptophyta-associated nitroplasts (UCYN-A) dominating the upper 30 m of the warm, nitrogen-

limited offshore region intruded by the Kuroshio and Taiwan Strait water, whereas diatom-

associated putative nitroplasts (UCYN-C and γ-24774A11) were abundant both at the surface and 

50-m depth.”. 

Line 146-152: “Recent studies have demonstrated UCYN-A2 as a nitroplast in the haptophyte 

Braarudosphaera bigelowii (Coale et al., 2024; Cornejo-Castillo et al., 2024). Similarly, UCYN-C 

and γ-24774A11 have been proposed as putative nitroplasts in diatoms (Schvarcz et al., 2022, 2024; 

Tschitschko et al., 2024). In contrast, other UCYN-A sublineages such as UCYN-A1 have not yet 



been confirmed to possess the same defining characteristics in their association with haptophytes 

(Coale et al., 2024; Kantor et al., 2024). Therefore, for clarity and consistency with prior literature, 

we classified UCYN-A2 as a haptophyte nitroplast, UCYN-C and γ-24774A11 as putative diatom 

nitroplasts, while designating UCYN-A1 as other UCYN-A sublineages.”. 

Line 344-345: “The putative diatom nitroplasts (i.e., UCYN-C and γ-24774A11) were most 

abundant (>103 copies L–1) at depths of 0–50 m (Fig. 4, S6U–Z), demonstrating moderately deeper 

distributions than Hets.”. 

 

As noted in my initial review, and as emphasized in White et al. (2020), calculation and reporting of the 

limit of detection (LOD) for N₂ fixation rates is now standard and strongly recommended practice. The 

LOD should be calculated and reported following Eq. 5 in White et al. (2020). 

Response:  

We thank the Reviewer #1 for the comment. After reexamining the calculation of N2 fixation 

detection limit, we have adopted a minimum difference of 0.00146 atom% in the 15N enrichment of 

particulate nitrogen (PN) between the initial and the final measurements. Although White et al. (2020) 

caution against using this value for PN mass <10 μg, our samples exceeded 16 μg. Thus, this threshold 

sufficiently accounts for the analytical uncertainty in PN isotopic measurements (White et al., 2020). We 

have revised the calculation of LOD accordingly. 

Line 185-188: “The NFRs were determined following Montoya et al. (1996). The LOD for the 

NFRs was calculated according to White et al. (2020), defined as a minimum difference of 0.00146 

atom% in 15N enrichment of particulate nitrogen between the initial and the final measurements. 

This LOD corresponds to a range of 0.11–0.76 nmol N L–1 d–1 across the stations (Table S2).”. 
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