
Response to Anonymous Referee #2 (original comments in black, responses in blue) 

This manuscript reports spring nutrient variabilities determined in Sansha Bay, which 

is heavily influenced by mariculture activities. Then they used a two end-member 

mixing model and a mass balance model (LOICZ) to construct a nutrient budget for the 

bay, which is a key selling point of the paper. 

Only one spring data is not rich enough. And the logic of writing is weak. It lacks detail 

and explanation of many statements and calculations, and it is full of speculations and 

weak discussion. Thus, it is quite difficult for the reader to follow the calculation. Most 

structures, data analysis, and discussion appear too similar to Han et al., 2021 (JGR) 

but without citation. Quite limited new knowledge is given from this manuscript. 

Furthermore, it also needs some major editing of grammar, sentence structures, and too 

many textual detail flaws. Biogeosciences is a high-quality journal, but the manuscript 

is far from the requirements of this journal (including the dataset, innovation, and 

writing (calculation)). Some improvements can be made to increase the readability and 

quality of the paper. My detailed suggestions are below. 

[Response]: We thank the Reviewer for his/her time and efforts in reviewing our paper. 

This study aims to use Sansha Bay, characterized by very intensive mariculture 

activities but very limited terrestrial nutrient input, as a case to assess the role of 

mariculture as a driver of changes in the coastal environment and propose to science-

based decision-making for transforming the mariculture activities in coastal waters into 

a more sustainable model. To do so and built upon a thorough literature data synthesis 

of the nutrient evolution (Fig 2(c) in the original manuscript), we further conducted a 

comprehensive bay-wide survey to examine quantitatively the variation in nutrient 

characteristics in spring, when environmental parameters such as nutrient and 

temperature changes easily lead to the algal blooms, particularly in mariculture areas, 

causing adverse effects on mariculture species. More importantly, we then zoomed into 

the fish farming system to establish a mass balance of N and P to assess the release of 

nutrients from the fish farming system using different feeds. This mass balance estimate 

was built on a comprehensive literature/parameter review along with our own lab 

experiments, including the determination of N and P contents for the mariculture 

species. Finally, we analyzed the external nutrient input/removal in this ecosystem that 

is affected by intensive mariculture (fish, kelp and oyster farming), river input and 



exchange with offshore coastal waters. Our results indeed showed that the addition of 

nutrients in Sansha Bay is predominantly attributed to mariculture activities. Here, we 

also analyzed the proportions of different forms of N and P released in the fish farming 

system and evaluated sustainable development pathways for mariculture, taking into 

account factors such as feed types. 

In response to the Reviewer’s general comments, we are thoroughly revising our 

manuscript to highlight the novelty of the study as spelled out above and also, following 

the suggestions from the Reviewer to optimize the structure and the logic flow, and to 

enhance the readability. Briefly, (1) we further reorganize the logic of “Section 1 

Introduction”. (2) We supplement and modify the calculation details in “Section 2.4 

Budget of N and P in the fish farming system” (please refer to Response to Reviewer 

#1) and revise the statements that were not fully supported by the way presented. (3) 

We adjust the structure of Sections 3.3 & 3.4 as follows: 

3.3 Nutrient budget in the mariculture system 

3.3.1 Nutrient release from the fish farming system 

3.3.2 Model sensitivity analysis for nutrient release 

3.3.3 Nutrient removal by fish, macroalgae and oyster harvesting 

3.4 Nutrient budget in Sansha Bay 

We apologize for the oversight of not including the Han et al. (2021) citation, which 

was somehow deleted during the many rounds of revisions prior to our initial 

submission. The endmember mixing model has been a longstanding approach used by 

our group, as evidenced by a series of publications (e.g., Han et al., 2012; Wang et al., 

2016; Su et al., 2017; Zhao et al., 2020). The Han et al. (2021) paper provides valuable 

insights specifically focused on nutrient stoichiometry and the biological responses at 

the same site, influenced by intensive mariculture. We are incorporating this reference 

back into our revised manuscript. 

Major comments: 

1 The Introduction is not well structured, and the logic is confused. The author may 

rewrite the first paragraph. The ideas mentioned in the Introduction should be relevant 

to the highlighted points in your following sections. For example, “Norwegian salmon 

farming industry....”, “upwelling”, “58%-62% carbon”, are they mentioned/important 

in your Discussion? 



[Response]: The main logic of “Section 1 Introduction” is as follows: Firstly, we 

introduced the rapid development of coastal aquaculture in China, followed by 

highlighting the environmental issues associated with mariculture, particularly 

concerning nutrient releases, along with the remaining science to be resolved. Then, we 

introduced the adoption of IMTA method to mitigate nutrient pollution and enhance the 

sustainability of mariculture. Finally, we selected Sansha Bay as the case study, 

focusing on the impact of mariculture on nutrient dynamics and aiming to provide 

scientific support for the sustainable development of mariculture through research. 

In the revision, we further reorganize the logical flow of “Section 1 Introduction” and 

remove phrases such as "58-62 % carbon" that are not directly relevant to the main 

theme. However, we choose to keep examples such as the “Norwegian salmon farming 

industry” and “upwelling” to illustrate the different impacts of mariculture on nutrient 

dynamics. The Norwegian mariculture industry, as a typical representative of European 

aquaculture, still released significant amount of nutrients into the environment (Wang 

et al., 2012; Wang and Olsen, 2023); conversely, mariculture in the Yellow Sea 

weakened coastal upwelling, leading to a reduction in nutrient supply (He et al., 2022). 

Thus, these two examples highlight the complexity and ambiguity of mariculture on 

nutrient dynamics in the environment. 

2 Alkalinity-salinity relationship is a useful tool to analyze (two) endmember mixing 

processes in general coastal areas. For intensive mariculture, is it possible that the base 

value of alkalinity itself is too large and unable to reflect the variations of three end-

member mixing? Can the authors analyze the properties of end-member mixing via T-

S diagram to see if there are other endmembers, which may be due to longer residence 

time and/or locations (for example, the authors defined mariculture zone/stations 

around Sandu Island (S1, S2, S6, S26, etc. In Figure 6). How is the uncertainty derived? 

[Response]: In this semi-enclosed bay of intensive mariculture, the alkalinity values 

(~2200 μmol kg-1) is comparable to those of the coastal areas in China (Zhao et al., 

2020; Guo et al., 2023). And, there is a good linear relationship between alkalinity and 

salinity (Fig. R1(a)). This two-endmember water mass mixing scheme is further 

supported by the linear relationship between Si(OH)4 and salinity (Fig. R1(b)) which is 

unaffected by feed input. 

In response to the Reviewer's request, we plot the T-S diagram (Fig. R1(c)), which 



shows to some extent the temperature fluctuation caused by the daily variations in 

surface solar heating. Overall the T-S diagram further illustrates the mixing trend of the 

two endmembers. 

Moreover, we select the Ca2+ as a conservative tracer (Wang et al., 2016; Su et al., 2017) 

to validate our endmember mixing model. It can be seen that the predicted values of 

Ca2+ (Ca2+
pre) are in good agreement with the field observations (Ca2+

meas) (Fig. R1(d)), 

which strongly supported our model predictions. 

The uncertainty in the budget calculation is propagated from the standard deviations 

(SD) of the measurements of the multiple parameters in the equation. We will provide 

a more detailed explanation in the revision. 

 

Figure R1. (a) Total alkalinity (TA) versus salinity diagram. (b) Si(OH)4 versus salinity 

diagram (Figure 6(c) in the original manuscript). (c) Potential temperature versus 

salinity in Sansha Bay, with temperature data from Jiaoxi Stream stations missing. The 

color bar represents water depth. (d) Predicted Ca2+ (Ca2+
pre) versus measured Ca2+ 

(Ca2+
meas), the predicted values were calculated based on the two-endmember mixing 

model.  

3 The interpretation and the estimation for the “mass balance of N and P in fish farming 

systems” in section 2.4 is not clear. It is difficult to follow the calculation processes. I 

cannot see the values of the parameters according to Table S1. In addition, is the “total 



waste discharge (L)” the same as “feed loss (L)”? The author adopted some parameters 

from reference, it would be better if the authors could assess if is it feasible for this 

study first.  

[Response]: In the revision, we are rewriting “Section 2.4 Budget of N and P in the fish 

farming system” on how we constructed the mass balance model. Briefly, (1) we 

explain the source and sink terms of nutrients and presentations of each parameter in 

the mass balance equation. (2) we revise the parameter names in Table S1 to match the 

abbreviations used in the revision. (3) we provide explanations why the values of some 

parameters from the reference can be adopted here. 

Yes, in the original manuscript, the “total waste discharge (L)” and “Feed loss (L)” are 

considered the same. In the version, they are unified as "Feed loss (Floss)”. 

4 Section 2.5 kelp and oyster removal. The authors considered kelp and oyster and 

emphasized that the bay is an IMTA system, are there any other key/primary mariculture 

species/production in the bay? How to assess the individual species production related 

to the growth period and the sampling period? On the other hand, the oyster zone is 

located in Yantian Harbor. Does the oyster production/removal will influence the 

nutrient flux/budget in the bay/stations? Can the much more detailed functional areas 

of various aquaculture (fish, kelp, oyster, etc.) be shown on the map? 

[Response]: We appreciate the comments. Please refer to our response to Reviewer #1 

where we have detailed our revision on growing seasons and practices of mariculture 

species and parameters variation.  

Yes, there are other mariculture species in Sansha Bay, such as gracilaria and razor 

clams. However, kelp cultivation accounts for approximately 88% of algal cultivation, 

oysters are one of the main shellfish species cultivated, and the production of L. crocea 

represents nearly 80% of the total fish farming in the bay 

(http://tjj.ningde.gov.cn/xxgk/tjxx/tjnj/). Therefore, in our study, we selected these 

three main cultured species.  

Since our manuscript focuses on the amount of nutrients removed by species at the 

mature harvest stage, it is not necessary to consider the influence of the growing period. 

As we consider Sansha Bay as a whole when assessing the nutrient budget, the 

geographical location of oyster does not affect the results. 



We add a functional area map of aquaculture in Sansha Bay in the Supporting 

Information. 

5 Section 3.3, it is quite difficult to follow the nutrient release estimation. How is the 

nutrient flux derived? What the data 21±1% and 10±1% come from? Is there any single 

cage for trash fish feed and formulated feed fish farming in the bay? How did they 

obtain the numbers in the manuscript? 

[Response]: We adjust Sections 3.3 & 3.4, dividing Section 3.3 into three subsections 

to elaborate on the topic. Please refer to the overall comment as of above. 

The calculation processes of nutrient fluxes in the fish farming system will provide in 

Section 2.4 of the revised manuscript.  

“21 ± 1 %" and "10 ± 1 %" represent the proportion of N and P entering the fish biomass 

compared to the N and P of feed input, respectively. 

We note that the cages are generally not used for culturing the trash fish feed. Trash fish 

feed is usually made from low-value fish caught in the open sea that are not suitable for 

consumption, which are ground into minced meat using a meat grinder and then fed 

(Cao et al., 2015; Quan, 2017). Formulated feed is generally a slow-sinking pellet feed 

product produced by the enterprises (Quan, 2017). The data for trash fish feed and 

formulated feed were calculated by multiplying the fish production by feed conversion 

rate. 

Minor comments: 

Line 100, it is suggested to quote more classical hydrology and biogeochemical 

literature. 

[Response]: The suggestion is taken. We add some classic literature on the China 

Coastal Current (Zhang et al., 2022), the Taiwan Warm Current (Qi et al., 2016), and 

the South China Sea Warm Current (Yang et al., 2008; Huang et al., 2019). And we 

retain the citation to Huang et al. (2019), as this paper provided a comprehensive 

overview of the current patterns in the East China Sea and the South China Sea. 

Line 113, 69%, what is the data source, reference? 

[Response]: We calculated this percentage based on the mariculture area and water area 

in Sansha Bay. The area of mariculture was derived from the Ningde Statistical 



Yearbook (http://tjj.ningde.gov.cn/xxgk/tjxx/tjnj/202111/t20211104_1544289.htm), 

and the bay area was obtained from Han et al. (2021), and included the intertidal and 

water area. We add the footnotes to provide the data source in the revision. 

Line 159, It is a nutrient manuscript. The measurement methods of nutrients are 

important but the authors did not cite any published paper.  

[Response]: We add references where applicable for sampling method, measurement 

principles, and procedures for nutrients in the revision.  

Line 226, “Nitrogen” should be “N” 

[Response]: Modified as suggested.  

Line 26, “Fao” should be capitalized “FAO” 

[Response]: Modified as suggested. 

Line 253, Chl a in the manuscript is too low with regards to the mariculture bay. Is there 

any in situ field measured Chl a data? Compare to historic references? The author 

displays Chl a in Figure 5e but does not introduce clearly, the value for Chl a is as high 

as 0.8 μg L-1? 

[Response]: Yes, we measured Chl-a data at individual sampling stations. The range 

was 0.19-0.75 μg L-1 (average value: 0.40 ± 0.11 μg L-1).  

According to Xie et al. (2021), the annual average concentration of Chl-a in Sansha 

Bay from 1999 to 2012 is shown in Table R1. Our data are consistent with historical 

data, indicating the characteristic of low Chl-a and high nutrient levels in Sansha Bay. 

The primary reason for this phenomenon is nutrient competition (Huang et al., 2017), 

allelopathy (Cheng and Cheng, 2015), and shading effects (Fong and Zedler, 1993) 

caused by macroalgal cultivation, which inhibit the growth of phytoplankton (Xie et al., 

2021).  

We add an explanation for the Chl-a data in the revision. 

Table R1. The annual average concentrations of Chl-a from 1999 to 2012 

Year 1990 2000 2005 2007 2010 2012 

Chl-a (μg L-1) 0.87 0.97 1.01 0.67 0.61 0.70 



Line 315, Jia et al., 2003 is omitted in the References. 

[Response]: We add the citation in the revision. 

Line 395, how did the authors obtain 32.8% and 34.8%? 

[Response]: The percentages were the proportion of nutrient sinks to nutrient sources. 

That is, it refers to the ratio of DIN and DIP fluxes from river and feed inputs to the 

exchange flux with the offshore coastal waters (depicted in Figure 10 of the manuscript). 

In the revision, we clarify the percentages. 

Figures 6,7, the color should be constant.  

[Response]: Modified as suggested. 

Figure 7, most of the stations in the “mariculture zone” are actually of salinity >25, 

meanwhile, the relationship between DIN and DIP is ~23.38. The DIN/DIP ratio for the 

mariculture zone seems to be dominated by only two dots in Fig. 7a. 

[Response]: Yes, the mariculture stations are located in the range with a salinity > 25.  

Concerning the stoichiometric ratios of DIN and DIP in different regions, we can 

redefine their categorization for clarification. By combining the stations in the 

mariculture zone with those having S > 25 for linear regression (Fig. R2 (a-2)), the 

fitted slope is 20.06 ± 1.31. When we perform linear regression after removing two 

discrete points (black dashed ellipse), the fitted slope is 22.60 ± 1.33. Although the 

presence of these two discrete points cause a slight change in the slope, it still exceed 

the Redfield ratio (Redfield et al., 1963). Additionally, we provide the DIN:DIP ratio 

data for the mariculture stations (Table R2), where it is evident that the ratios for the 

two discrete stations (red box) are not significantly different from the others. 

 

Figure R2. Dissolved inorganic nitrogen to phosphorus (DIN:DIP) ratios in Sansha Bay. 

Green, gray, and red circles represent stations with salinity < 25, salinity > 25 and the 



mariculture zone, respectively. In (a-1), the equations represent the fitting equations for 

the three categorized. While in (a-2), the equation y = (20.06 ± 1.31) x - 0.06 represents 

the fitting equation for stations within the mariculture zone and those with salinity > 25, 

and y = (22.60 ± 1.33) x - 2.79 represents the fitting equation after removing the two 

discrete points from the mariculture zone. 

Table R2. The DIN:DIP ratios in mariculture stations of Sansha Bay 

Mariculture Station CDL10 CDL9 CB8 CHL7 CL6 CL2 CL1 

DIN:DIP 17.64 15.34 18.59 17.87 15.81 18.21 19.22 

Map 1, have you compared the satellite map with Google Earth map and/or other 

images? The mariculture zone is probably underestimated. 

[Response]: Yes, we have compared our result with Google Earth map (Fig. R3). The 

results indicate that our classification fits well on Google map. 

 

Figure R3. The accuracy verification of classification results. (a) Google earth map; (b) 

Overlay of classified mariculture zones in Google earth map. 

Table 1. Four stations (LJ21, LJ22, ND41, and ND42) in offshore coastal waters should 

be introduced in the MS, and be shown on the map. What is the formulation for u? It 

seems the uncertainty u is too large for Vex, FDIN, and FDIP? Is it feasible to say 

outflow for DIN and DIP? 

[Response]: In the revision we will show the four stations for offshore coastal waters 

on the map and in the main text. 

u is propagated from the standard deviations (SD) of the measurements of the multiple 

parameters in the equation. Taking Vex as an example, Vex can be calculated by the 

following equation in Text 2 of the Supporting Information: 



Vex=(Vriv×Sriv+Vres×Sres)/(Ssys−Soce). The uncertainty of Vex (uex) can then be expressed 

as a function of six parameters, that is, f (Vriv, Sriv, Vres, Sres, Ssys, Soce): 

uex

=

√
  
  
  
  
  

(
∂(f)

∂[Vriv]
× σVriv)

2

+ (
∂(f)

∂[Sriv]
× σriv)

2

+ (
∂(f)

∂[Vres]
× uVres)

2

+ (
∂(f)
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× ures)

2

+(
∂(f)

∂[Ssys]
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2

+ (
∂(f)

∂[Soce]
× σoce)

2  

Even if the error of each parameter is small, after propagation a large u may result. 

However, the calculated true values for the nutrient outflow flux are similar to those 

estimated by Han et al. (2021), indicating their validity and reasonability. 
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