
Dear Prof. Dai, 

Thank you for your kind consideration and constructive comments for our manuscript entitled 

‘Acrylic acid and related dimethylated sulfur compounds in the Bohai and Yellow Seas during 

summer and winter’. We are grateful to the anonymous reviewers for their constructive suggestions, 

which is of great help to improve the manuscript. Please find our final responses (in blue) and changes 

(in red) to all comments (in black) in this document. 

 

Response to reviewer #1 

Comments from reviewer #1 are in black while our responses are in blue and changes in the 

manuscript are in red. 

 

Review of BG-2019-172 by Wu et al. This paper describes the DMS/P and AA surface ocean cycling 

in the Bohai and Yellow Seas during winter and summer. The authors also measured depth profiles 

and porewater concentrations, as well as performed incubation experiments to derive 

production/degradation rates. This paper contains valuable data, but only a small amount of new 

science. By now, the community has a generally good understanding of DMS dynamics and the 

controlling factors. We know that phytoplankton, bacteria, and environmental parameters influence 

DMS/P cycling (and related compounds). Nonetheless, it appears that the authors did not measure 

phytoplankton or bacterial parameters. They attempt to explain processes without measuring the 

parameters involved. This paper is generally more suited to a journal like ESSD. 

 

Thanks for all the constructive comments and helpful suggestions to improve this manuscript.  

We found phytoplankton and bacterial data of these two cruises in two published papers (Zhang 2018; 

Liang et al., 2019). We have discussed how these parameters influenced AA and DMS/P cycling in 

revised manuscript. In addition, our study proved other sources of AA (e.g. terrestrial inputs from 

rivers and production from DMSPp) in surface seawater through on-deck incubation experiments. 

Although some observations and studies on the distributions of DMS and DMSP in the Bohai Sea 

and the Yellow Sea have been conducted (Yang et al., 2014; 2015; Li et al., 2016), the study aiming 

at winter has not been reported as well as the relationship between AA and DMS/P, which could 

reflect if temperature was a key controlling factor on biogenic sulfur cycling. Furthermore, our study 

was the first time to collect AA samples in porewater in Chinese marginal seas, although more work 

needs to be done to further understand the source and fate of AA in marine sediments. We have 

strengthened these particularities in Section 1 of the revised manuscript, as indicated below. 

“Many aspects of DMS and DMSP including spatio-temporal distributions, degradation, sea-to-

air fluxes, and particle size fractionation have been well documented (Lana et al., 2011; Levine et al., 

2012; Yang et al., 2014; Espinosa et al., 2015; Tyssebotn et al., 2017). Up to date, however, the 

biogeochemistry of AA itself in the oceans and the roles of AA in the marine sulfur cycle and the 

microbial community has received only limited attention. Tan et al. (2017) and Wu et al. (2017) 

reported spatial distributions of AA in the Changjiang Estuary and the East China Sea. Liu et al. (2016) 

investigated the spatial and diurnal variations of AA in the Bohai Sea (BS) and Yellow Sea (YS) 

during autumn and measured the apparent production rates of AA through DMSP degradation by 

incubations. However, seasonal variations, source and removal of AA, and the key factors controlling 

these processes still remain unclear, and thus further studies are needed to better understand the 

biogeochemical cycle of sulfur in the oceans. In this study, we investigated horizontal and vertical 

distributions of dissolved AA (AAd) and related dimethylated sulfur compounds in the BS and YS in 

different seasons (summer and winter) to determine if temperature, phytoplankton and bacteria 



species and abundance were key controlling factors on AA dynamics. In addition, it was the first time 

to collect AAd samples in porewater of surface sediment during summer in the BS and YS. We also 

examined the degradation of dissolved DMSP (DMSPd) and AAd simultaneously through on-deck 

incubations during summer and winter to understand production and consumption mechanisms of 

AA, DMS, and DMSP, to explore the influencing factors (i.e. changes of bacteria species and 

abundance) of microbial degradation, and to indicate other potential sources of AA. This study is 

expected to provide insightful information on sulfur cycling from the view of AA in the marginal 

seas.” (L55-71) 

 

Specific comments:  

1. The English throughout the entire manuscript needs to be slightly revised. Overall, the language is 

fine, but there are still many mistakes.  

 

Thanks for your suggestions. We have checked the entire manuscript to polish it and correct mistakes. 

  

2. Section 2.3 Were there particulate measurements of anything (no filtering to measure total DMS/P, 

etc.)? Did you measure duplicates or triplicates? How exactly was precision and the limit of detection 

determined? 

 

We measured total DMSP (DMSPt, no filtering) and dissolved DMSP (DMSPd, filtering with 0.7 μm 

GF/F). We did not measure particulate DMSP (DMSPp) directly, but DMSPp can be calculated using 

DMSPt minus DMSPd.  

Duplicates were measured.  

Because DMSP is converted to DMS and then measured, the precision and the limit of detection for 

DMSP are same as those for DMS, namely, the analytical precision is generally better than 10% and 

the detection limit is 0.4 nmol L-1,  

We have added these descriptions to Section 2.3, as indicated below. 

“A 10 mL aliquot of seawater without filtering was used for total DMSP (DMSPt) analysis.” 

(L110) 

“This method gave the same precision and detection limit for DMSP as DMS.” (L116-117) 

“Analytical samples for DMS, DMSPd, DMSPt, AAd, Chl a, and nutrients were run in duplicate.” 

(L135-136) 

 

3. Section 2.3 Were nutrients measured? Phytoplankton pigments or flow cytometry? 

 

Nutrients were measured. The Utermöhl method was used for phytoplankton counting described in 

Zhang’s thesis (2018). We have added analytical procedures in Section 2.3, as indicated below. 

“In addition, the concentrations of nutrients (including PO4
3-, NO3

-, NO2
-, NH4

+, and SiO3
2-) 

were analyzed using a nutrient automatic analyzer (Auto Analyzer 3, SEAL Analytical, USA). 

Phytoplankton data recorded by Utermöhl method and bacteria data measured by qPCR were 

collected from Zhang (2018) and Liang et al. (2019), respectively.” (L132-135) 

 

4. Section 3.5 Were bacterial parameters measured? Why not? Did you see evidence of first order 

rates? Did you discover something new with the incubation experiments? 

 

We are sorry for not measuring the bacterial parameters, but we found a published paper (Liang et 



al., 2019) discussing the bacterial parameters of the same cruises. We have used this data to support 

our experiments and cited this paper in revised manuscript.  

In our published paper (Wu et al., 2015) which studied the acrylic acid (AA) degradation in details, 

we did incubation experiments for 8 h and sampled every 2 h. It was found that AA degraded quickly 

in first 2 h, the degradation rates reduced gradually, and the loss curves fit the first-order equation. 

Kiene (1996) also demonstrated that apparent first order rate constants (k) for the loss of DMSPd 

were estimated by plotting the natural log of the DMSPd concentration vs time.  

Besides the DMSPd degradation experiments, we carried out the AA biological and photochemical 

degradation experiments simultaneously. We found the total consumption (biological + 

photochemical) rates of AA were always higher than the production rates of AA from DMSPd at 

different stations during these two cruises, which provided evidence for other sources of AA in this 

study area. 

 

The following references are added. 

 

Liang, J., Liu, J., Wang, X., Lin, H., Liu, J., Zhou, S., Sun, H., and Zhang, X.-H.: Spatiotemporal 

dynamics of free-living and particle-associated Vibrio communities in the northern Chinese 

marginal seas, Appl. Environ. Microbiol., 85, e00217-00219, 2019. 

Zhang, D.: The study of phytoplankton and biosilicon in the Yellow Sea and the Bohai Sea (in Chinese 

with English abstract), MS thesis, Tianjin University of Science & Technology, Tianjin, China, 

2018. 

  



Response to reviewer #2 

Comments from reviewer #2 are in black while our responses are in blue and changes in the 

manuscript are in red. 

 

Wu et al. measured DMS(P) and AA concentrations across different oceanographic regimes, depths 

and seasons, rate measurements of DMS(P) and AA degradation and production, and AA 

concentrations in porewaters. AA is a product of DMSP cleavage and potentially an important carbon 

source, but little is known about global AA dynamics. I commend the authors for their expansive 

assessment of AA dynamics in the context of DMS(P) cycling. These measurements reflect an 

important contribution to knowledge about AA’s role in the marine microbial ecosystem. However, 

the current manuscript requires significant improvements for accuracy and presentation clarity.  

 

We have carefully considered the reviewer' comments and suggestions and conducted the revision 

seriously. We are very grateful to the reviewer for all the constructive comments and helpful 

suggestions to improve this manuscript. 

 

Specifically: 

1. Statistical tests are missing/incomplete throughout the manuscript. Any conclusions deemed 

significant should be supported by statistics. Overall, results should be made more quantitative. 

 

According to the reviewer’s suggestion, we have added more quantitative descriptions and statistics 

to support conclusions deemed significant in the revised manuscript. 

 

2. More biological measurements are necessary to support conclusions. Only Chla concentrations are 

reported, which is well established to be a poor predictor of DMS(P) concentrations. This is not a 

focus here as authors have already reported they can add more biological parameters. 

 

We agree with the reviewer. We have discussed the effects of other biological parameters including 

nutrients, phytoplankton and bacterial abundance on AA and DMS(P) distributions and dynamics in 

the revised manuscript. 

 

3. There are a significant number of citation errors in (both missing and incorrect citations) and I 

highly suggest the authors review their citations fully before resubmitting. Additionally, many 

conclusions are “overstated”, meaning the strength of the wording should be edited. 

 

Thank you for your suggestion. We have checked all citations very carefully and corrected the errors. 

And the strength of the wording has been improved dramatically in the revised manuscript. 

 

4. The clarity of the manuscript would greatly benefit from dividing the Results into Results and 

Discussion. As it reads now, the results for each section are being explained in pieces but no full story 

of all the results is tied together. 

 

According to the reviewer’s suggestion, we have divided the previous Results section into Results 

and Discussion sections in the revised manuscript. 

 

5. Finally, the motivation of the manuscript should be clearer. I fully recognize that these 



measurements of AA will improve knowledge, but why is it important to fill that gap? What 

unknowns do these results answer about AA cycling? Given the expansive AA measurements, this 

manuscript could test more specific hypotheses. Additionally, for writing clarity, I would recommend 

focusing the questions towards AA, and using the DMS(P) as supporting evidence. Stating clear 

hypotheses at the beginning of the manuscript, addressing any significant errors mentioned below 

and splitting Results and Discussion will make for a very strong manuscript that will significantly 

improve knowledge about AA cycling. 

 

Many aspects of DMS and DMSP have been well documented, but the processes affecting AA 

concentrations in marine waters are poorly known. Furthermore, AA is an important source of carbon 

to the microbial community and high concentration of AA can inhibit bacterial activity, which is very 

important for studying marine sediment ecosystem. Therefore, it is important to fill the gap. 

These results indicated other potential sources of AA (e.g. terrestrial inputs from rivers) besides 

production from DMSPd, determined if temperature was a key controlling factor on AA dynamics 

through winter and summer comparison, and provided new measurements of AA in porewater. 

We supposed that changes of phytoplankton and bacteria species and abundance played important 

roles on AA dynamics and expected these hypotheses could be test in this manuscript. 

We meant to focus on AA and use the DMS(P) as supporting evidence. We have emphasized this in 

the revised manuscript. 

According to the reviewer’s suggestion, we have stated the above-mentioned hypotheses in Section 

1 as indicated below, addressed significant errors and split into Results and Discussion in the revised 

manuscript. 

“Many aspects of DMS and DMSP including spatio-temporal distributions, degradation, sea-to-

air fluxes, and particle size fractionation have been well documented (Lana et al., 2011; Levine et al., 

2012; Yang et al., 2014; Espinosa et al., 2015; Tyssebotn et al., 2017). Up to date, however, the 

biogeochemistry of AA itself in the oceans and the roles of AA in the marine sulfur cycle and the 

microbial community has received only limited attention. Tan et al. (2017) and Wu et al. (2017) 

reported spatial distributions of AA in the Changjiang Estuary and the East China Sea. Liu et al. (2016) 

investigated the spatial and diurnal variations of AA in the Bohai Sea (BS) and Yellow Sea (YS) 

during autumn and measured the apparent production rates of AA through DMSP degradation by 

incubations. However, seasonal variations, source and removal of AA, and the key factors controlling 

these processes still remain unclear, and thus further studies are needed to better understand the 

biogeochemical cycle of sulfur in the oceans. In this study, we investigated horizontal and vertical 

distributions of dissolved AA (AAd) and related dimethylated sulfur compounds in the BS and YS in 

different seasons (summer and winter) to determine if temperature, phytoplankton and bacteria 

species and abundance were key controlling factors on AA dynamics. In addition, it was the first time 

to collect AAd samples in porewater of surface sediment during summer in the BS and YS. We also 

examined the degradation of dissolved DMSP (DMSPd) and AAd simultaneously through on-deck 

incubations during summer and winter to understand production and consumption mechanisms of 

AA, DMS, and DMSP, to explore the influencing factors (i.e. changes of bacteria species and 

abundance) of microbial degradation, and to indicate other potential sources of AA. This study is 

expected to provide insightful information on sulfur cycling from the view of AA in the marginal 

seas.” (L55-71) 

 

Major comments 

Line 109: Only dissolved AA was measured. Please make this clear and consistent with abbreviations 



for DMSP. 

 

Yes, only dissolved AA was measured. We have checked the entire manuscript and used the 

abbreviation AAd for the dissolved AA in the revised manuscript. 

 

Line 161, 209, 234,241: Riverine/terrestrial runoff is argued to be a critical input of AA into the 

systems studied but are lacking direct evidence. Are there actual measurements of riverine AA 

concentrations in Liu 2001 that could be reported? How do their measurements compare to yours? 

 

Liu (2001) found 90 kinds of organic pollutants including acrylic acid in Yalu River, but the exact 

concentrations were not reported. We could not compare our results with theirs directly, but we 

thought it could be a direct evidence for the terrestrial input of AA. 

 

Line 173: I only see that DMSPt and Chla coupled (e.g. lowest DMS corresponds to highest Chla). 

Please edit so as not to overstate trends, and use qualitative statements and tests for significance. 

 

We are sorry for confusing you. As horizontal distributions of DMS and DMSP in surface seawater 

of the BS and the YS has been described by Jin (2016) and Sun (2017), we did not cite those figures 

from their MS theses in our previous manuscript, which made you not see their coupled relationships 

with Chl a. We have added figures of DMS, DMSPd and DMSPp distributions in surface seawater 

during summer and winter and described their relationships using quantitative statements and tests 

for significance, as indicated below. 

“Jin (2016) and Sun (2017) found significant positive correlations between DMS(P) and Chl a 

during summer (DMS: r = 0.418, n = 50, p < 0.01; DMSPd: r = 0.351, n = 50, p < 0.05) and winter 

(DMS: r = 0.629, p < 0.01; DMSPp: r = 0.527, p < 0.01), respectively.” (L312-314) 

 

Line 174, 198: Correlations are likely impacted by measuring only dissolved AA, as the majority of 

AA produced from DMSPd degradation would be expected to be stored intracellularly, whereas the 

majority of DMS produced would be expected to be found in the dissolved phase. As well, DMS is 

more diffusive and reactive, and therefore inputs of DMS are likely more complicated than dissolved 

AA (Tyssebotn et al. 2017). Please consider these comments in the Discussion. 

 

Thanks for your suggestion. We have added these comments in the Discussion section of revised 

manuscript, as indicated below. 

“However, AAd showed no correlations with Chl a, nutrients, DMS, and DMSP in the whole 

study area during summer and winter, which were likely impacted by measuring only dissolved AA. 

The majority of AA produced from DMSPd degradation would be expected to be stored 

intracellularly (Kinsey et al., 2016; Tyssebotn et al., 2017), whereas the majority of DMS produced 

would be expected to be found in the dissolved phase (Spiese et al., 2016).” (L316-319) 

 

Line 175-177: It is well-established that Chla rarely correlates with sulfur compounds because 

production is specific to community composition/location (Lana et al. 2011; Galí et al. 2015; 

McParland and Levine 2019). I suggest authors review comments about these relationships 

throughout manuscript. Incorporating new parameters (phytoplankton type abundances and bacterial 

abundances) will better reflect the role of biology in these dynamics. 

 



Thanks for your suggestion. We have reviewed comments about these relationships throughout the 

manuscript and incorporated phytoplankton type abundances and bacterial abundances to better 

reflect the role of biology in these dynamics in the revised manuscript.  

 

Line 178-192: Such high AA concentrations in porewater is very interesting, and should be better 

highlighted…these concentrations are ~an order of magnitude greater than in the water column! I 

suggest making qualitative comparisons with previously measured AA concentrations and 

highlighting the significance of these new measurements. 

 

According to the reviewer’s suggestion, we have made quantitative comparisons with previously 

measured AA concentrations in porewater and highlighted the significance of these new 

measurements in the revised manuscript, as indicated below.  

“The AAd concentrations in porewater in our study were much higher than those (50-60 nmol 

L-1) in Gulf of Mexico reported by Vairavamurthy et al. (1986). The differences might be owing to 

the differences in sampling, analytical methods and locations. In their study, sediment porewater was 

obtained by centrifugation of thawed samples that had been kept deep-frozen and they measured only 

two samples using electron capture gas chromatography, whereas we collected porewater via Rhizon 

soil moisture samplers connecting to vacuum tubes and analysed samples using a high performance 

liquid chromatograph. The pressure in vacuum tube might cause cell break in sediments and thus 

release more AAd in porewater. Moreover, the bacteria abundance and species in the sediments of 

the BS and YS in 2015 might be different from those in Gulf of Mexico in 1986. Wang (2015) 

reported δ- and γ-proteobacteria were the dominant taxa in the sediments of the BS and YS, proportion 

ranging between 24%-70%. Meanwhile, DddY, which is the only known periplasmic DMSP lyase 

(Li et al., 2017), is widely present in δ- and γ-proteobacteria and can cleave the large amounts of 

intracellular DMSP (mmol L-1 levels) concentrated by DMSP catabolizing bacteria (Wang et al., 

2017). Therefore, all those factors led to high AAd concentrations in porewater of surface sediments.  

Slezak et al. (1994) discovered that bacterial activity was retarded at AA concentrations > 10 

µmol L-1 in long-term incubations of seawater cultures (24 to 110 h). Therefore, AAd in porewater 

might reduce bacterial metabolism and thus impact the microbial community in sediments, which is 

very important for studying marine sediment ecosystem.” (L368-382) 

 

Line 182: Why are the concentrations so different? Location/sediment types? This would be an ideal 

place to discuss bacterial abundances from previous studies if appropriate. 

 

Yes, location and sediment types could be the reason for different concentrations. According to the 

reviewer’s suggestion, we have discussed bacterial abundances in the revised manuscript, as indicated 

below. 

“Moreover, the bacteria abundance and species in the sediments of the BS and YS in 2015 might 

be different from those in Gulf of Mexico in 1986. Wang (2015) reported δ- and γ-proteobacteria 

were the dominant taxa in the sediments of the BS and YS, proportion ranging between 24%-70%. 

Meanwhile, DddY, which is the only known periplasmic DMSP lyase (Li et al., 2017), is widely 

present in δ- and γ-proteobacteria and can cleave the large amounts of intracellular DMSP (mmol L-

1 levels) concentrated by DMSP catabolizing bacteria (Wang et al., 2017).” (L374-378) 

 

Line 188: If AA in porewater and bottom water are not significantly correlated, what is the supporting 

evidence for the statement that the source of high AA in bottom water is porewater? 



 

We are sorry for the inaccurate statement. Nedwell et al. (1994) reported that DMS could emit from 

sediments to water column, so we speculated AA could also emit form porewater to bottom seawater. 

We will sample vertical cores of sediment to measure the variations of AA concentrations in bottom 

seawater with time using the method referred in Nedwell et al. (1994) in future cruises. At this time, 

we have revised that statement as “We speculated AA might emit form porewater to bottom seawater”. 

(L383) 

 

Line 209-212: Figure 3 as well as associated text are confusing. Are these relationships significant? 

Are the slopes significantly different than zero? (They do not look so). I’m also confused why AA 

was normalized to salinity as this is the x-axis? You’ll get the same answer. As is, I would remove 

Figure 3. The relationships do not look significant and do not support conclusions. 

 

Thank you for your suggestion, we have removed Figure 3. 

 

Line 226: I’m confused by conclusion that this negative correlation is linked to enhanced lyase 

activity? If low salinity promotes lyase activity, then we would expect a positive correlation of salinity 

and DMSPt (i.e. low salinity=more lyase activity=less DMSPt/DMSPp due to cleavage). 

 

We agree with the reviewer. We have revised that sentence as below.  

“DMSP showed positive correlations with temperature and negative correlations with salinity 

along the three transects during summer, while DMS and DMSP presented negative correlations with 

temperature and salinity during winter, which might be due to a co-correlation of these abiotic 

parameters themselves.” (L333-336) 

 

Line 234: At the surface, where terrestrial runoff is expected to impact concentrations, the excess 

does not appear to be ‘significant’…(AA at 10m ~60nM, DMSPt at 10m ~55nM, difference =5). 

Please edit this statement for clarity using quantitative statements and/or justify the use of 

‘significance’ when describing the excess difference in AA and DMSPt. 

 

As the Yellow River is the world’s largest river in terms of sediment load and flows into the NYS 

and the depth of transect B12-17 is less than 70 m, AA may be absorbed on those sediments and sink 

to bottom. Therefore, terrestrial runoff may impact AA concentrations along the vertical profiles of 

transect B12-17 rather than only at the surface. Along the transect B12-17, the average AA 

concentration was 34.60 nmol L-1 and more than 2 times of that of DMSPt (15.45 nmol L-1). 

According to the reviewer’s suggestion, we have removed the word ‘significant’ and state it using 

quantitative statements, as “the average value of AA was more than 2 times of that of DMSPt”. (L205) 

 

Line 247: Is there a statistically significant relationship between Chla and DMSPt? Please use 

qualitative statements, rather than listing the order of concentrations. 

 

No statistically significant relationship was found between Chl a and DMSPt. We have revised that 

sentence as below. 

“This suggested that large amounts of phytoplankton biomass might induce high concentrations 

of DMSPt.” (L351-352) 

 



Line 255: Please revise this statement…yes DMSP could be a cryoprotectant, but this is most relevant 

to ice algae and temperatures in freezing conditions. 

 

Thank you for your suggestion. We have deleted that statement. 

 

Line 280: This entire section (3.5) needs statistical tests to support statements. Example: are the rates 

of DMS production significantly lower than rates of DMSPd degradation in summer? (Remember to 

report the statistical test and p-values in text/methods). 

 

Thank you for your suggestion. We have added statistical tests and p-values and edit the strength of 

the wording for the section 3.3 and 4.3 in the revised manuscript. 

 

Line 280: Was Chla measured at beginning of experiments? This could better support statements 

about biomass productivity altering rate measurements (Cho and Azam 1990). 

 

We are sorry for not measuring Chl a at beginning of experiments. We have the Chl a data at these 

stations. It may not have a big difference from the Chl a concentrations at beginning of experiments 

because the seawater used for experiments were also sampled from the Niskin bottles. We have 

discussed the relationships between Chl a and reaction rates in the revised manuscript, as indicated 

below.  

“In addition, almost all the production/degradation rates during summer and winter were 

independent with Chl a, which were also consistent with the results of Motard-Côté et al. (2016) and 

Tyssebotn et al. (2017).” (L393-394) 

 

General comment: There is a significant order of magnitude difference between absolute AA 

concentrations presented here and recently published measurements from the Gulf of Mexico. As 

well, uptake rates of AA were are an order of magnitude less than the degradation rates of AA 

measured here (Tyssebotn et al. 2017). Please acknowledge these previous measurements and 

describe potential reasons for differences. The AA dynamics presented here by Wu et al. are an 

exciting contribution to our knowledge of AA and should be compared with all previous work. 

 

Thank you for your suggestions. We have compared the absolute AA concentrations and degradation 

rates of AA with previous work and explored the reasons for the differences in the revised manuscript, 

as indicated below. 

“AAd concentrations in the BS and YS during summer were an order of magnitude higher than 

those (0.8-2.1 nmol L-1, median 1.5 nmol L-1) in the northern Gulf of Mexico in September 2011 

(Tyssebotn et al., 2017). The reasons for these differences might be related to differences in sample 

storage, analytical methods and study areas. We stored samples at 4 °C, while Tyssebotn et al. (2017) 

stored at -20 °C. In addition, our study area was highly affected by anthropogenic activities.” (L286-

291) 

“The microbial degradation rates of AAd in the BS and YS during summer were extremely 

higher than the total biological uptake of AAd (0.07-1.8 nmol L-1 d-1) in the northern Gulf of Mexico 

in September 2011 (Tyssebotn et al., 2017), which might be due to the differences in the initial 

concentrations. Specifically, our study added exogenous AAd at the beginning of incubation. 

Nevertheless, we both found the microbial degradation rates at inshore stations were higher than those 

at offshore stations. In addition, almost all the production/degradation rates during summer and winter 



were independent with Chl a, which were also consistent with the results of Motard-Côté et al. (2016) 

and Tyssebotn et al. (2017).” (L389-394) 

 

General comment: I recommend the authors consider how the measurements of AA dynamics here 

could help inform a better understanding of the bacterial ‘switch’ hypothesis for which the 

environmental drivers of are still debated (Kiene et al. 2000; Slezak et al. 2007; Levine et al. 2012). 

 

Thanks for your suggestions. We have discussed how bacteria species and abundance affect the 

microbial degradation of AA in the revised manuscript, as indicated below.  

“In addition, the seasonal differences of bacteria abundance and light intensity also made great 

contributions to the different rates of microbial degradation and photochemical degradation, 

respectively. According to Liang et al. (2019), the abundances of Vibrio (γ-proteobacteria) averaged 

1.4×106 copies L-1 in summer, which is significantly higher than in winter (Mann-Whitney test, p < 

0.01), with a mean value of 1.9×105 copies L-1. Significant seasonal differences in total bacterial 

abundance were also observed (Mann-Whitney test, p < 0.001). Meanwhile, the average light 

intensity in summer was 49400 lx, which was also higher than that in winter (34050 lx). All those 

factors led to high degradation/production rates in summer. In addition, Liang et al. (2019) also found 

that the dominant bacteria groups displayed different changing patterns in their abundance with 

seasons and sea areas. Specifically, the abundance of V. campbellii was higher in the YS than in the 

BS in summer (p < 0.05), whereas the abundance of V. caribbeanicus drastically decreased from the 

BS to the YS (p < 0.05). Therefore, the different microbial degradation/production rates of DMSPd, 

DMS, and AAd in different sea areas might result from the differences in bacteria species and 

abundance in the BS and YS. Moreover, the capabilities of diverse bacteria species to degrade AAd 

were different, which resulted in the inconsistence of AAd microbial degradation rates and rate 

constants in the comparison between inshore and offshore stations.” (L407-420) 

 

Minor comments 

Overall the manuscript should be ‘cleaned up’ in terms of English but also small text errors. Some 

errors ‘overstate’ the significance of the statement, but most do not inhibit reading. 

 

Thank you for your suggestions. We have polished the entire manuscript and corrected text errors 

and wording errors. 

 

Line 29: Please rephrase statement about acid rain. DMS is correlated with the natural acidity of rain 

(as stated now, implies that DMS is the cause of acid rain). 

 

Thanks for your suggestion. We have revised this sentence as “DMS is correlated with the natural 

acidity of rain.” (L29) 

 

Line 41: Please rephrase minor producers to ‘low producers’. 

 

Thanks for your suggestion. We have replaced ‘minor producers’ with ‘low producers’. (L41) 

 

Line 41: I suggest removing the “For example” part of this sentence as you state all of the well-known 

high producers (i.e. it is not an example). When describing low producers mention other low producer 

types (McParland and Levine 2019). 



 

According to the reviewer’s suggestion, we have removed the sentence of high producers and describe 

other low producer types, as indicated below. 

“DMSP distributions are also controlled by phytoplankton species, among which diatoms, 

flagellates, prochlorophytes and cyanobacteria are low minor producers of DMSP (McParland and 

Levine 2019).” (L40-41) 

 

Line 43: this sentence is repeating line 39, please be more concise and edit accordingly 

 

According to the reviewer’s suggestion, we have deleted the sentence in line 43 and rephrased the 

sentence in line 39, as indicated below. 

“As an antioxidant, a cryoprotectant, or an osmolyte in marine phytoplankton, the production of 

DMSP is influenced by environmental parameters such as salinity (Stefels, 2000), temperature (Kirst 

et al., 1991), and oxidative stress (Sunda et al., 2002).” (L37-39) 

 

Line 47: AA should be defined here (even though it is properly defined in Abstract) 

 

Yes. We defined AA as the abbreviation of acrylic acid in L44 when it was first mentioned in text. 

 

Line 54: Kinsey and Kieber 2016 is incorrect citation for this statement 

 

We have cited another reference of Noordkamp et al., 2000 for this statement. (L52) 

 

Line 55: The use of ‘always’ here is too strong for the current state of knowledge 

 

Thank you for your suggestion, we have removed ‘always’ in the revised manuscript.  

 

Line 58: Alcolombri et al. 2015 is incorrect citation, this paper does not measure anything in situ. 

Additionally, I would expand these citations as there are so many more studies that have conducted 

the work described in this sentence besides the two. 

 

We have removed that citation and added others including “Lana et al., 2011; Levine et al., 2012; 

Tyssebotn et al., 2017”. (L56-57) 

 

Line 80: complicated 

 

We have replaced ‘complicate’ with ‘complicated’. (L82) 

 

Line 86: How was surface sediment sampled? And where? What time of day collected? 

 

Sediments were collected using a stainless-steel box-corer and sub-sampled to a depth of ca. 3 cm. 

They were sampled at 12 stations shown in Table 1 during summer cruise. We have added the 

sampling method of surface sediment in the revised manuscript and sampling time in revised Table 

1, as indicated below. 

“Sediments were collected using a stainless-steel box-corer and sub-sampled to a depth of ca. 3 

cm at 12 stations shown in Table 1 during summer cruise.” (L96-97) 



Table 1 The AAd concentrations in porewater of surface sediments and in bottom seawater during 

summer 2015. 

Station H10 H12 H14 H16 H19 H23 H25 H26 B12 B13 B61 B63 

Sampling time 
08-19 

06:59 

08-19 

15:28 

08-19 

21:48 

08-20 

03:11 

08-20 

14:35 

08-21 

00:21 

08-21 

08:03 

08-21 

11:24 

08-28 

17:20 

08-28 

19:58 

09-02 

14:42 

09-02 

19:54 

Porewater AAd 

(μmol L-1) 
34.54 13.52 99.89 38.36 128.61 136.42 99.45 122.68 41.31 46.50 15.63 102.40 

Bottom AAd 

(nmol L-1) 
14.34 13.41 12.32 17.54 15.59 13.25 16.23 19.01 16.74 102.98 18.95 23.68 

 

Line 91: How was DMS sampled? 

 

Water samples were transferred from the Niskin bottles to 250 mL brown glass bottle through silicone 

tubing. While filling the bottles, the samples were allowed to overflow from the top of the bottle to 

eliminate any headspace in an effort to minimize partitioning into the gas phase. A 2 mL aliquot of 

seawater sample extracted from the 250 mL brown glass bottle using a 2 mL glass syringe and filtered 

by syringe filtration through 25 mm Whatman glass fiber (GF/F) filter (Li et al., 2016) was directly 

injected into a glass bubbling chamber. We have added these sentences in the revised manuscript. 

(L93-96, L100-102) 

 

Line 94: Was the pre-filtered DMS sample gravity filtered? Please provide a citation for this method. 

Also, what size GF/F filter was used? 

 

The pre-filtered DMS sample were filtered by syringe filtration through 25 mm GF/F filter. We have 

added a citation for this method. (L101-102) 

  

Line 101, 117, 120: Were analytical samples run? (in duplicate, triplicate?) 

 

Analytical samples were run in duplicate. We have added this sentence at the end of Section 2.3 in 

the revised manuscript. (L135-136) 

 

Line 102: Again, what size GF/F filter was used? 

 

47 mm GF/F filter was used here. We have added the size in the revised manuscript. (L109) 

 

Line 104: How long were the samples allowed to oxidize for? 

 

The samples were allowed to oxidize for 2 days. We have added a sentence in the revised manuscript 

as indicated below. 

“To fully oxidize pre-existing gaseous DMS, the DMSPt and DMSPd samples were incubated 

in the dark at room temperature for 2 days.” (L112-113) 

 

Line 124: Has this methodology for incubations been performed before? Please cite if so. 

 

Yes. GBT inhibition method for DMSPd degradation was performed by Kiene and Gerard (1995). 

Methods for photochemical and microbial degradation of AA were performed by Wu et al. (2015). 



We have added these citations in the revised manuscript. (L145, L157, L163-164) 

 

Line 126: Why were syringes used for incubation? Were they gas-tight? 

 

Yes. These syringes were gas-tight. It was convenient to collect samples at 0, 3, and 6 h if using 

syringes. We could just push the plunger to let seawater flow out. Meanwhile, it kept the rest seawater 

in syringes isolated from air. 

 

Line 131: I don’t believe Kiene et al. or Vila-Costa et al. address preferential GB uptake? 

 

We are sorry for misunderstanding these articles. We have revised that sentence and cited another 

reference, as indicated below. 

“and acts as a competitive inhibitor of DMSP (Kiene et al., 1998).” (L146-147) 

 

Line 132: Please address how rates were calculated? Were regressions/fits statistically significant? 

 

According to the reviewer’s suggestion, we have added description about rates calculation, as 

indicated below. 

“Linear regression equations were fit to the DMSPd, DMS and AAd time course data and the 

apparent rates were estimated as the differences between the slopes of samples with and without GBT.” 

Regressions at most stations were statistically significant. (L148-149, L155-157, L162-164) 

 

Line 147: Kiene 1996 is incorrect citation, they did not measure AA in their study? 

 

No, Kiene (1996) did not measure AA in his study. He determined the kinetics of DMSP(d) 

degradation by running one with spike additions of DMSP and the other one without additions as 

control. We thought this method could be applied to AA degradation, so we cited this article. We 

have removed this citation as the reviewer suggested. 

 

Line 150: Suggestion if you do split into a Results and Discussion section… results for Section 3.1 

and 3.2 should be combined for a clearer description of the differences in summer and winter. 

 

According to the reviewer’s suggestions, we have split into Results and Discussion sections and 

combined results for Section 3.1 and 3.2. 

 

Line 151: How are the contours spaced? Center of sea contour looks like 5 ug/L, not 7.07ug/L? 

 

Kriging method was used for interpolating contours. These circles inside the contour of 5 μg L-1 were 

too small to be marked as their real concentrations. As we measured, the center point was station B61 

with the Chl a concentration of 7.07 μg L-1. 

 

Line 163, 170: Chengshan Cape and Changjiang Estuary not on maps 

 

According to the reviewer’s suggestion, we have added Chengshan Cape and Changjiang Estuary on 

maps. 

 



Line 172: The comment about MS thesis belongs in methods 

 

According to the reviewer’s suggestion, we have moved the comment about MS thesis to Material 

and Methods section. (L117-118) 

 

Line 178-192: I suggest moving results for porewaters to be part of the depth profile results as it 

seems more relevant to depth distributions, not surface distributions. 

 

According to the reviewer’s suggestion, we have moved results for porewaters to be part of the depth 

profile results. (L234-240, L368-387) 

 

Line 185-187: This sentence should be re-written for clarity 

 

According to the reviewer’s suggestion, we have re-written this sentence, as indicated below. 

“Wang (2015) reported δ- and γ-proteobacteria were the dominant taxa in the sediments of the 

BS and the YS, proportion ranging between 24%-70%. Meanwhile, DddY, which is the only known 

periplasmic DMSP lyase (Li et al., 2017), is widely present in δ- and γ-proteobacteria and can cleave 

the large amounts of intracellular DMSP (mmol L-1 levels) concentrated by DMSP catabolizing 

bacteria (Wang et al., 2017).” (L375-378) 

 

Line 198: ‘was not correlated with’ (remove the word ‘any’) 

 

According to the reviewer’s suggestion, we have removed the word ‘any’.  

 

Line 203: I think this should read ‘main phytoplankton type’? Species likely changed based on the 

small/big cell statement following 

 

Yes, we have revised ‘species’ to ‘types’. (L309) 

 

Line 204: should read ‘small diatoms in winter and larger diatoms in summer’ 

 

According to the reviewer’s suggestion, we have revised to ‘small diatoms in winter and larger 

diatoms in summer’. (L310) 

 

Line 214: As you discuss everything in context of North to South in the preceding text, for clarity I 

would order these transects in the same way (same for the order in Figures 4,5 and Table 1). 

 

Thanks for your suggestion, we have ordered these transects North to South in text, Figures 4, 5 and 

Table 1. 

 

Line 213: If you split Results section, results of Section 3.3 and 3.4 could be combined for clarity. 

 

According to the reviewer’s suggestion, we have split into Results and Discussion sections and 

combined results of Section 3.3 and 3.4 in the revised manuscript. 

 

Line 218: “Concentrations of Chla, AA, DMS” remove this sentence, it should be a part of caption. 



 

According to the reviewer’s suggestion, we have removed that sentence in the revised manuscript. 

 

Line 219: ‘Both Chla and DMS did not displayed…’ this sentence does not make sense to me 

 

We have revised that sentence to ‘but Chl a and DMS did not displayed…’. (L213) 

 

Line 230: suggested change “…and highest concentrations were observed in…” 

 

Thank you for your suggestion. We have changed that sentence to “…and highest concentrations 

were observed in…”. (L201) 

 

Line 239: Correlations are not causation… using the word ‘prove’ is an overstatement, please edit. 

 

Thank you for your suggestion. We have changed the word ‘prove’ to ‘indicate’. (L340) 

 

Line 241: I’m confused by this statement. What did Asher et al. 2017 find that indicates the order of 

average concentrations demonstrates that both DMSPd and DMSPp produce DMS? Please edit. 

 

Asher et al. (2017) referred different sources of DMS including the intra-cellular cleavage of 

phytoplankton DMSPp catalyzed by the enzyme DMSP lyase and the photochemical and biological 

reduction of DMSO to DMS in the Introduction section. Here we thought higher of DMS than DMSPd 

meant DMS is not merely produced through the cleavage of DMSPd, so we cited Asher’s paper. We 

have revised this sentence, as indicated below. 

“The higher values of DMS than DMSPd might be produced through the intra-cellular cleavage 

of phytoplankton DMSPp catalyzed by the enzyme DMSP lyase and the photochemical and biological 

reduction of dimethylsulfoxide (DMSO) to DMS (Asher et al., 2017).” (L342-344) 

 

Line 255-260: DMS(P) correlations with both salinity and temperature may be due to a cocorrelation 

of these abiotic parameters themselves, please use caution in stating these conclusions and incorporate 

statistical tests appropriately. 

 

We agree with the reviewer. We have added this comment in the revised manuscript, as indicated 

below. 

“DMSP showed positive correlations with temperature and negative correlations with salinity 

along the three transects during summer, while DMS and DMSP presented negative correlations with 

temperature and salinity during winter, which might be due to a co-correlation of these abiotic 

parameters themselves.” (L333-336) 

 

Line 258-259: Kiene and Service 1991 looked at DMS production from dissolved DMSP, not 

particulate. I believe you are discussing a correlation of total DMSP. Please edit for clarity. 

 

Thanks for your suggestion. We have deleted this sentence in the revised manuscript. 

 

Line 269: This should be “Figs. 4 and 5” I believe? 

 



We are sorry for the typos. We have corrected “Figs. 3 and 4” to “Figs. 4 and 5” in the revised 

manuscript. (L360) 

 

Line 294: should be “low bacterial abundance” instead of ‘poor’ 

 

We have deleted this sentence in the revised manuscript. 

 

Line 336: what does “and so on” refer to? An unknown source? Please be more specific. 

 

According to the reviewer’s suggestion, we have revised “and so on” to “other unknown sources”. 

(L429) 

 

Figure/Table comments 

Figure 2: I find the labels of summer/winter and Chla/AA on the plots very helpful but please also 

label the panels (a,b,c,d) in figure and reference in the caption (consistent with other figures) 

 

According to the reviewer’s suggestion, we have labeled the panels (a, b, c, d) in Figure 2 and referred 

them in the caption, as indicated below. 

 

  

  



Fig. 2. Horizontal distributions of Chl a (μg L-1) and AAd (nmol L-1) in the surface water of the BS 

and YS during summer and winter. a: Chl a in summer; b: AAd in summer; c: Chl a in winter; d: 

AAd in winter. 

 

Figure 3: As mentioned above, I do not think this figure is necessary and it may be more useful to 

replace with similar surface plots of DMS and DMSP for summer and winter (like Figure 2). 

 

According to the reviewer’s suggestion, we have removed that figure and replaced with surface plots 

of DMS and DMSP for summer and winter shown in Jin (2016) and Sun (2017), as indicated below. 

 

Summer  

 
Winter 



 
Fig. 3. Horizontal distributions of DMS (nmol L-1), DMSPd (nmol L-1), and DMSPp (nmol L-1) in the 

surface water of the BS and YS during summer and winter. Data in summer and winter presented 

here were described by Jin (2016) and Sun (2017) respectively. 

 

Figure 4 and 5: Again, reversing the order that the transects are presented to be North to South will 

make figure clearer. Also the method for interpolating contours should be reported (either in figure 

captions or methods), and the black dots (I assume sampling points) should be described. Adding 

temperature for other transects would make for better consistency. 

 

We have ordered the transects North to South, reported the kriging method for interpolating contours 

in figure captions, described the black dots as sampling points, and added temperature for other 

transects, as indicated below. 

“Fig. 4. Vertical profiles of temperature (°C), Chl a (μg L-1), AAd (nmol L-1), DMS (nmol L-1), 

DMSPd (nmol L-1), and DMSPt (nmol L-1) along transect B57-63, transect B12-17, and transect H19-

26 during summer. Kriging method is used for interpolating contours. The black dots represent 

sampling points. 

Fig. 5. Vertical profiles of temperature (°C), Chl a (μg L-1), AAd (nmol L-1), DMS (nmol L-1), 



DMSPd (nmol L-1), and DMSPt (nmol L-1) along transect B12-16 and transect H19-26 during winter. 

Kriging method is used for interpolating contours. The black dots represent sampling points.” 

 

Table 1: Again, I recommend ordering table to be North to South. Caption should better define what 

‘Surface’ refers to (all three sampling sites?) and what depth the transect values reported are. 

 

We have ordered the transects North to South. ‘Surface’ refers to “surface seawater of the whole 

study area (the BS and YS)”. The transect values are the average of the whole vertical profile of each 

transect. We have defined these in Table 1 caption in the revised manuscript, as indicated below. 

 

Table 1 Summary of the mean values (ranges) and the significance of seasonal differences of 

AAd, DMS, DMSPd, and DMSPt at surface seawater of the BS and YS and at whole vertical profiles 

of transects during summer and winter. The significance of seasonal differences was obtained using 

Mann-Whitney test. 
  AAd (nmol L-1) DMS (nmol L-1) DMSPd (nmol L-1) DMSPt (nmol L-1) 

Summer 

Surface 30.01 ± 21.12 (10.53-92.29) 6.12 ± 3.01 (1.10-14.32)* 6.03 ± 3.45 (1.05-13.23)* 28.86 ± 14.15 (8.70-63.03)* 

B57-63 36.36 ± 23.57 (11.08-73.06) 5.51 ± 2.01 (2.57-8.79) 1.56 ± 0.84 (0.72-3.37) 22.94 ± 21.28 (4.12-56.61) 

B12-17 34.60 ± 26.00 (12.77-102.98) 7.37 ± 4.50 (0.74-15.76) 1.12 ± 0.48 (0.36-2.01) 15.45 ± 17.98 (1.90-63.03) 

H19-26 22.24 ± 18.25 (13.19-85.86) 6.44 ± 5.14 (0.79-21.98) 3.05 ± 4.92 (0.61-21.59) 13.67 ± 12.90 (1.11-55.14) 

Winter 

Surface 14.98 ± 7.22 (4.28-42.05) 1.38 ± 0.41 (0.54-2.22)* 2.30 ± 0.80 (1.16-4.29)* 10.39 ± 4.14 (2.36-22.21)* 

B12-16 17.68 ± 5.21 (13.94-27.69) 1.99 ± 1.02 (1.12-4.56) 2.92 ± 0.82 (1.54-4.55) 11.44 ± 5.89 (5.33-24.50) 

H19-26 17.08 ± 6.72 (11.04-39.47) 0.96 ± 0.29 (0.52-1.35) 3.06 ± 1.07 (1.92-6.06) 11.88 ± 3.97 (6.12-19.92) 

Seasonal difference 

Surface p < 0.001 p < 0.001 p < 0.01 p < 0.001 

B12-16 p < 0.05 p < 0.05 p < 0.001  

H19-26  p < 0.001 p < 0.01  

* collected from published MS theses (Jin, 2016; Sun, 2017) 

 

 

Table 2: What correlation test was used? Additionally, please address in the methods how temperature 

and salinity were measured (i.e. CTD profile or was salinity actually measured?). 

 

Pearson correlation test was used here. We have added this sentence in figure caption as indicated 

below and addressed CTD profiles of temperature and salinity in Material and methods section. (L93) 

“Table 2 Correlations between AAd, DMS, DMSP, and other biogeochemical parameters in the 

BS and YS during summer and winter. Pearson correlation test was used here.” 

 

Table 4: Very minor, but the table would be easier to read if the abbreviation of BS and SYS are 

added above the transect station names. Also, these experiments were reported to be conducted in 

duplicate so please report biological errors for rate measurements. 

 

Thank you for your suggestions. We have added the abbreviation of BS and SYS above the transect 

station names and reported standard errors for rate measurements in revised Table 4, as indicated 

below. 

 
Summer 

Stations 
SYS NYS BS 

H19 H26 B12 B17 B57 B63 

DMSPd degradation rates (nmol L-1 h-1) 3.12 ± 0.69 3.72 ± 0.28 1.44 ± 0.39 1.83 ± 1.08 5.76 ± 0.47 4.20 ± 0.36 

DMSPd turnover times (h) 6.25 5.10 19.31 14.29 4.91 5.88 

DMS production rates (nmol L-1 h-1) 0.55 ± 0.32 0.29 ± 0.12 0.33 ± 0.05 0.69 ± 0.09 0.90 ± 0.46 2.71 ± 0.36 

AAd production rates (nmol L-1 h-1) 1.15 ± 0.31 1.90 ± 0.61 2.53 ± 0.64 1.15 ± 0.69 2.63 ± 0.35 5.20 ± 0.40 

AAd microbial degradation rates (nmol L-1 h-1) 25.36 ± 13.15 22.10 ± 0.89 15.07 ± 0.52 11.84 ± 0.45 16.17 ± 0.52 24.92 ± 3.18 

AAd photochemical degradation rates (nmol L-1 h-1) 3.16 ± 0.36 3.45 ± 2.08 0.91 ± 0.16 4.02 ± 0.34 0.67 ± 0.09 2.36 ± 0.14 

AAd microbial degradation rate constants (h-1) 0.07 ± 0.05 0.36 ± 0.25 0.07 ± 0.004 0.30 ± 0.02 0.50 ± 0.03 0.03 ± 0.005 

AAd photochemical degradation rate constants (h-1) 0.01 ± 0.009 0.02 ± 0.03 0.03 ± 0.006 0.14 ± 0.01 0.04 ± 0.005 0.12 ± 0.007 



Winter 

Stations 
SYS NYS 

H19 H26 B12 B16 

DMSPd degradation rates (nmol L-1 h-1) 2.26 ± 0.75 1.14 ± 0.50 1.92 ± 0.87 0.63 ± 0.59 

DMSPd turnover times (h) 16.53 39.68 31.55 46.73 
DMS production rates (nmol L-1 h-1) 0.08 ± 0.03 0.10 ± 0.02 0.09 ± 0.01 0.07 ± 0.05 

AAd production rates (nmol L-1 h-1) 1.48 ± 0.29 1.22 ± 0.28 0.30 ± 0.25 0.91 ± 0.02 

AAd microbial degradation rates (nmol L-1 h-1) 9.41 ± 0.59 4.73 ± 0.53 8.54 ± 0.08 18.66 ± 0.81 

AAd photochemical degradation rates (nmol L-1 h-1) 4.30 ± 0.14 2.31 ± 0.48 2.72 ± 0.21 0.97 ± 0.46 

AAd microbial degradation rate constants (h-1) 0.06 ± 0.01 0.36 ± 0.07 0.18 ± 0.002 0.29 ± 0.02 

AAd photochemical degradation rate constants (h-1) 0.13 ± 0.005 0.06 ± 0.02 0.13 ± 0.01 0.05 ± 0.02 

 

The following references are added. 

Kiene, R. P., Williams, L. P. H., and Walker, J. E.: Seawater microorganisms have a high affinity 

glycine betaine uptake system which also recognizes dimethylsulfoniopropionate, Aquatic 

microbial ecology, 15, 39-51, 1998. 

Kinsey, J. D., Kieber, D. J., and Neale, P. J.: Effects of iron limitation and UV radiation on 

Phaeocystis antarctica growth and dimethylsulfoniopropionate, dimethylsulfoxide and acrylate 

concentrations, Environmental Chemistry, 13, 195-211, 2016. 

Levine, N. M., Varaljay, V. A., Toole, D. A., Dacey, J. W., Doney, S. C., and Moran, M. A.: 

Environmental, biochemical and genetic drivers of DMSP degradation and DMS production in 

the Sargasso Sea, Environmental microbiology, 14, 1210-1223, 2012. 

Liang, J., Liu, J., Wang, X., Lin, H., Liu, J., Zhou, S., Sun, H., and Zhang, X.-H.: Spatiotemporal 

dynamics of free-living and particle-associated Vibrio communities in the northern Chinese 

marginal seas, Appl. Environ. Microbiol., 85, e00217-00219, 2019. 

Liu, Q.: Analysis and Identification of Organic Compounds and Sifting of Items of Toxic Organic 

Compounds for the Water of Yalu River, Urban Environment & Urban Ecology, 14, 41-43, 2001. 
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Oceanography, 64, 757-773, 2019. 
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Plankton Research, 38, 41-54, 2016. 
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Tyssebotn, I. M. B., Kinsey, J. D., Kieber, D. J., Kiene, R. P., Rellinger, A. N., and Motard‐Côté, J.: 
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Wang, K.: Chracteristics of bacterial community in the sediments of the Bohai Sea and Yellow Seas, 

revealed by 454- Pyrosequencing, MS thsis, Ocean University of China, Qingdao, 2015. 

Zhang, D.: The Study of Phytoplankton and Biosilicon in the Yellow Sea and the Bohai Sea, MS 

thesis, Tianjin University of Science and Technology, Tianjin, 2018. 
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Abstract. Spatio-temporal distributions of dissolved acrylic acid (AAd) and related biogenic sulfur compounds including 10 

dimethylsulfide (DMS) and dissolved and total dimethylsulfoniopropionate (DMSPd and DMSPt) were investigated in 

the Bohai Sea (BS) and Yellow Sea (YS) during summer and winter. AAd and DMS production from DMSPd degradation 

and AAd degradation were studied. Significant seasonal variations of AAd and DMS(P) were observed. AAd presented 

similar distributions during summer and winter, that is, relatively high values of AAd emerged in the BS and the northern 

YS and concentrations decreased from inshore to offshore areas in the southern YS. Due to strong biological production 15 

from DMSP and abundant terrestrial inputs from rivers in summer, AAd concentrations in surface seawater during 

summer (30.01 nmol L-1) were significantly higher than those during winter (14.98 nmol L-1). The average concentration 

sequence AAd > DMSPt > DMS > DMSPd at transects during summer illustrated particulate DMSP (DMSPp) as a DMS 

producer and terrestrial sources of AAd, whereas the sequence in winter was AAd > DMSPt > DMSPd > DMS. High 

values of AAd and DMS(P) were mostly observed in the upper layers with occasional high values at bottom. High AAd 20 

concentrations in porewater which could be transported into the bottom water might result from the cleavage of 

intracellular DMSP and reduce bacterial metabolism in sediments. In addition, the degradation/production rates of 

biogenic sulfur compounds were obviously higher in summer than those in winter and the removal of AAd was mainly 

attributed to the microbial consumption. Other sources of AAd besides the production from DMSPd was also proved. 

1 Introduction 25 

Dimethylsulfide (DMS), biologically derived from the enzymatic cleavage of dimethylsulfoniopropionate (DMSP), is the 

dominant volatile sulfur compound released from the ocean to the atmosphere (Lovelock et al., 1972; Dacey and 

Wakeham, 1986). The annual emission of DMS from the ocean contributes 28.1 (17.6–34.4) Tg S to the atmosphere 

(Lana et al., 2011). Moreover, DMS is correlated with the natural acidity of rain (Nguyen et al., 1992). DMS produced in 

surface waters can chemically influence the marine system, global sulfur cycle, and global climate. The CLAW hypothesis 30 

pointed that the oxidation products of DMS are the major sources of cloud condensation nuclei (CCN), which lead to an 

increase in aerosol albedo over the ocean and consequently to a decrease in solar radiation on Earth's surface (Charlson 

et al., 1987; Malin et al., 1992; Zindler et al., 2012), although recent studies argued that other sources, for example, bubble 

bursting at the ocean surface, are the major contributions to CCN on global scales (Quinn and Bates, 2011). Therefore, 

more studies are needed to further our understanding of the potential links between DMS and climate changes.  35 

DMSP, the biochemical precursor of DMS (Malin and Erst, 1997; Alcolombri et al., 2015), is produced by marine 

phytoplankton and marine heterotrophic bacteria (Keller et al., 1989; Curson et al., 2017). As an antioxidant, a 

cryoprotectant, or an osmolyte in marine phytoplankton, the production of DMSP is influenced by environmental 

parameters such as salinity (Stefels, 2000), temperature (Kirst et al., 1991), and oxidative stress (Sunda et al., 2002). 

DMSP distributions are also controlled by phytoplankton species, among which diatoms, flagellates, prochlorophytes and 40 



cyanobacteria are low producers of DMSP (McParland and Levine, 2019). Furthermore, DMSP provides considerable 

sulfur and carbon sources for microbial food web. In addition, the degradation of DMSP is mainly through two pathways. 

The major one is demethylation, a complicated process generating different ultimate products through different enzymes 

possibly including methanethiol, hydrogen sulfide, and acrylic acid (AA) (Taylor and Visscher, 1996; Bentley and 

Chasteen, 2004; Reisch et al., 2011). The other pathway is enzymatic cleavage of DMSP mostly into equimolar DMS and 45 

AA by phytoplankton (Steinke et al., 2002) and bacteria (Ledyard and Dacey, 1996), a minor pathway with its contribution 

to DMSP degradation only 10%, on average. (Reisch et al., 2011). 

As chemically the simplest unsaturated carboxylic acid, AA in coastal seawater is not only derived from DMSP cleavage, 

but also from anthropogenic contamination via river discharges (Sicre et al., 1994). The removal of AA is mainly through 

two mechanisms, that is, photochemical (Bajt et al., 1997; Wu et al., 2015) and microbial degradations (Noordkamp et 50 

al., 2000). AA plays diverse roles in the marine systems. For example, AA is an important carbon source to the microbial 

community (Noordkamp et al., 2000), while it also acts as an antibacterial agent (Sieburth, 1960; Slezak et al., 1994). 

Furthermore, the presence of AA functions as grazing-activated chemical defense and thus inhibits the predation of 

phytoplankton by microzooplankton (Wolfe et al., 1997).  

Many aspects of DMS and DMSP including spatio-temporal distributions, degradation, sea-to-air fluxes, and particle size 55 

fractionation have been well documented (Lana et al., 2011; Levine et al., 2012; Yang et al., 2014; Espinosa et al., 2015; 

Tyssebotn et al., 2017). Up to date, however, the biogeochemistry of AA itself in the oceans and the roles of AA in the 

marine sulfur cycle and the microbial community has received only limited attention. Tan et al. (2017) and Wu et al. 

(2017) reported spatial distributions of AA in the Changjiang Estuary and the East China Sea. Liu et al. (2016) investigated 

the spatial and diurnal variations of AA in the Bohai Sea (BS) and Yellow Sea (YS) during autumn and measured the 60 

apparent production rates of AA through DMSP degradation by incubations. However, seasonal variations, source and 

removal of AA, and the key factors controlling these processes still remain unclear, and thus further studies are needed 

to better understand the biogeochemical cycle of sulfur in the oceans. In this study, we investigated horizontal and vertical 

distributions of dissolved AA (AAd) and related dimethylated sulfur compounds in the BS and YS in different seasons 

(summer and winter) to determine if temperature, phytoplankton and bacteria species and abundance were key controlling 65 

factors on AA dynamics. In addition, it was the first time to collect AAd samples in porewater of surface sediment during 

summer in the BS and YS. We also examined the degradation of dissolved DMSP (DMSPd) and AAd simultaneously 

through on-deck incubations during summer and winter to understand production and consumption mechanisms of AA, 

DMS, and DMSP, to explore the influencing factors (i.e. changes of bacteria species and abundance) of microbial 

degradation, and to indicate other potential sources of AA. This study is expected to provide insightful information on 70 

sulfur cycling from the view of AA in the marginal seas. 

2 Material and methods 

2.1 Study area 

The BS, the largest inner sea in China, is surrounded by Tianjin City, Hebei Province, Shandong and Liaodong Peninsulas. 

The total water area of the sea is 7.7 ×104 km2 and the average water depth is 18 m. The hydrological conditions of the 75 

BS are substantially influenced by discharges from over 40 rivers, including the Yellow River, Haihe, Daliaohe, and 

Luanhe (Ning et al., 2010). Especially, the Yellow River, the world’s second largest river in terms of sediment load, 

brings large amounts of particulates and nutrients to the BS. The YS, which is separated from the BS by the Bohai Strait, 

is a shallow semi-enclosed marginal sea located between the Chinese mainland and the Korean Peninsula, with a total 

water area of 3.8 ×105 km2 and a mean depth of 44 m. The YS is divided into northern Yellow Sea (NYS) and southern 80 



Yellow Sea (SYS) by a line between Chengshan Cape on the Shandong Peninsula and Changshanchuan on the Korean 

Peninsula. The BS and YS are greatly affected by complicated water currents and two main water masses including the 

Bohai Sea Coastal Current (BSCC), the Yellow Sea Coastal Current (YSCC), the Korea Coastal Current (KCC), the 

Yellow Sea Warm Current (YSWC), the Changjiang River Diluted Water (CRDW), and the Yellow Sea cold water mass 

(YSCWM) (Lee et al., 2000; Su, 1998) (Fig. 1). Moreover, anthropogenic pollution in both China and Korea coasts has 85 

notable effects on the ecosystems including species diversity and community structure of phytoplankton and benthos in 

the BS and YS (Liu et al., 2011). 

2.2 Sampling 

Two cruises were conducted aboard the R/V ‘‘Dong Fang Hong 2’’ in the BS and YS from August 17th to September 5th 

2015 (summer) and from January 14th to February 1st 2016 (winter). The summer cruise covered 52 grid stations and 90 

three transects and the winter cruise contained 39 grid stations and two transects (Fig. 1). Seawater samples were collected 

using 12 L Niskin bottles mounted on a Seabird 911+ Conductivity-Temperature-Depth (CTD) sensor (Sea-Bird 

Electronics, Inc., USA). Temperature and salinity were measured by the CTD sensor. Water samples were transferred 

from the Niskin bottles to 250 mL brown glass bottle through silicone tubing. While filling the bottles, the samples were 

allowed to overflow from the top of the bottle to eliminate any headspace in an effort to minimize partitioning into the 95 

gas phase. Sediments were collected using a stainless-steel box-corer and sub-sampled to a depth of ca. 3 cm at 12 stations 

shown in Table 1 during summer cruise. 

2.3 Analytical procedures 

DMS concentrations in all samples were immediately measured onboard upon sampling with a purge-and-trap technique 

modified from Andreae and Barnard (1983) and Kiene and Service (1991). A 2 mL aliquot of seawater sample extracted 100 

from the 250 mL brown glass bottle using a 2 mL glass syringe and filtered by syringe filtration through 25 mm Whatman 

glass fiber (GF/F) filter (Li et al., 2016) was directly injected into a glass bubbling chamber and extracted with high purity 

nitrogen at a flow rate of 40 mL min-1 for 3 min. Then, the sulfur gases were dried through Nafion gas sample dryer 

(Perma Pure, USA) and trapped in a loop of Teflon tubing immersed in liquid nitrogen (-196 °C). After extraction, the 

Teflon tubing was heated in boiling water and desorbed gases were introduced into a 14B gas chromatograph (Shimadzu, 105 

Japan) equipped with a flame photometric detector and a 3 m × 3 mm glass chromatographic column packed with 10% 

DEGS on Chromosorb W-AW-DMCS. The analytical precision of DMS was generally better than 10% and the detection 

limit was 0.4 nmol L-1 (Yang et al., 2015a). 

A 4 mL aliquot of seawater was filtered under gravity through 47 mm Whatman GF/F filter (Kiene and Slezak, 2006) for 

DMSPd analysis. A 10 mL aliquot of seawater without filtering was used for total DMSP (DMSPt) analysis. In order for 110 

steady DMSP concentration and oxidation of endogenous DMS, 100 µL and 40 µL of 50 wt% sulfuric acid were added 

into samples for DMSPt and DMSPd analysis, respectively (Shooter and Brimblecombe, 1989). To fully oxidize pre-

existing gaseous DMS, the DMSPt and DMSPd samples were incubated in the dark at room temperature for 2 days. 

Before analysis, the samples were injected with 300 µL of 10 mol L-1 KOH solutions and stored in the dark at 4 °C for at 

least 24 h to allow a complete conversion of DMSP into DMS. DMS concentration measured was used to estimate DMSP 115 

concentration according to 1:1 stoichiometry (Dacey and Blough, 1987). This method gave the same precision and 

detection limit for DMSP as DMS. DMS and DMSP data in surface seawater has published in Master theses (Jin, 2016; 

Sun, 2017). 

Seawater samples for AAd analyses were collected directly from the Niskin bottles and filtered under gravity through a 

pre-cleaned 0.2 μm AS 75 Polycap filter capsule (a nylon membrane with a glass microfiber pre-filter enclosed in a 120 



polypropylene housing; Whatman Corporation, USA) (Wu et al., 2015). The filtrate was transferred to a 40 mL glass vial 

with a Teflon™-lined cap and stored at 4 °C. Porewater samples for AAd analyses were extracted from surface sediments 

via Rhizon soil moisture samplers (0.1 μm porous polymer, Rhizosphere Research, Wageningen, the Netherlands) 

according to Seeberg‐Elverfeldt et al. (2005). All porewaters were stored at 4 °C and filtered through 0.22 μm 

polyethersulfone syringe filters (Membrana Corporation, Germany) before analysis. AAd seawater and porewater samples 125 

were analyzed using a high performance liquid chromatograph (L-2000, Hitachi Ltd., Japan) according to Gibson et al. 

(1996). An Agilent SB-Aq-C18 column and the eluent of 0.35% H3PO4 (pH = 2.0) at a flow rate of 0.5 mL min−1 were 

used to separate AAd. The column eluate was detected by a UV detector at 210 nm. Analytical precision was between 

1.3% and 1.6% and the detection limit was 4 nmol L−1 (Liu et al., 2013).  

For Chlorophyll a (Chl a) analysis, 300 mL of seawater were filtered through Whatman GF/F filters. Then the filtrates 130 

were soaked in 10 mL of 90% acetone and kept in the dark at 4 °C. Contents of Chl a were measured using an F-4500 

fluorescence spectrophotometer (Hitachi, Japan) according to Parsons et al. (1984) after 24 h. In addition, the 

concentrations of nutrients (including PO4
3-, NO3

-, NO2
-, NH4

+, and SiO3
2-) were analyzed using a nutrient automatic 

analyzer (Auto Analyzer 3, SEAL Analytical, USA). Phytoplankton data recorded by Utermöhl method and bacteria data 

measured by qPCR were collected from Zhang (2018) and Liang et al. (2019), respectively. Analytical samples for DMS, 135 

DMSPd, DMSPt, AAd, Chl a, and nutrients were run in duplicate. 

2.4 Incubation experiments 

The incubation experiments for DMSPd and AAd degradation were conducted on deck using seawater collected at stations 

H19, H26, B12, B17, B53, and B63 in summer and at H19, H26, B12, and B16 in winter according to Wu et al. (2017). 

To determine degradation rates of DMSPd and production rates of DMS and AAd, unfiltered seawater samples were 140 

incubated in two 250 mL gas-tight glass syringes (wrapped in aluminum foil) in the dark at in situ temperature. Before 

the incubations, 80 μL of concentrated DMSPd solution (0.2 mmol L-1) were added into the two syringes to reach an 

initial concentration of DMSPd higher than 50 nmol L-1. One syringe was used as treatment group, the other was used as 

control by injecting with glycine betaine (GBT, final concentration of 50 μmol L-1, 1000× the concentration of added 

DMSPd) to inhibit microbial degradation of DMSP within a short time (Kiene and Service, 1993; Kiene and Gerard, 1995) 145 

because it is chemically and physiologically similar to DMSP and acts as a competitive inhibitor of DMSP (Kiene et al., 

1998). After 0, 3, and 6 h, 25 mL aliquots of samples were taken from the incubations for measurements of DMSPd, 

DMS, and AAd concentrations. Linear regression equations were fit to the DMSPd, DMS, and AAd time course data and 

the apparent rates were estimated as the differences between the slopes of samples with and without GBT. 

Two pathways of AAd degradation, that is, photochemical consumption and microbial consumption, were experimentally 150 

investigated in this study. For photochemical consumption of AAd, a drop of oversaturated NaN3 solution was added into 

300 mL seawater samples (the final concentration was approximately 1 mmol L-1) to eliminate microbial consumption of 

AAd. After filtration, the seawater samples were immediately injected into a 125 mL photic quartz tube and a 125 mL 

photophobic quartz tube (as a control) to initiate photochemical degradation. 10 mL aliquots of samples were taken for 

analyses of AAd at 0, 3, and 6 h. Linear regression equations were fit to the AAd time course data and the photochemical 155 

degradation rates of AAd were calculated based on the differences between the slopes of samples in the photic and 

photophobic quartz tubes (Wu et al., 2015).  

For microbial consumption of AAd, unfiltered seawater samples were used for incubations in 100 mL glass syringes 

(wrapped in aluminum foil) in the dark at in situ temperature. Prior to incubation, concentrated AAd was added into one 

syringe to reach an initial concentration 10-50 times as high as the background concentration. Another seawater sample 160 

without exogenous AAd addition was used as a control. 10 mL aliquots of samples were taken for determination of AAd 



at 0, 3, and 6 h. Linear regression equations were fit to the AAd time course data and the microbial degradation rates of 

AAd were estimated as the differences between the slopes of samples with exogenous AAd addition and the control (Wu 

et al., 2015). Duplicate samples were analyzed for AAd, DMS, and DMSPd in all the incubation experiments. 

3 Results 165 

3.1 Horizontal distributions of AAd in the BS and YS 

In summer, Chl a contents in surface seawater were in the range of 0.01-8.91 μg L-1, with an average value of 1.95 ± 2.31 

μg L-1. The contents in the BS were relatively high and an extremely high value (7.07 μg L-1) occurred in the center of 

the sea, while those concentrations decreased gradually from inshore to offshore areas in the NYS and the northern area 

of the SYS. The minimum value of Chl a emerged in the center of the SYS, while the maximum appeared in the southern 170 

area of the SYS (station H37).  

AAd concentrations in surface seawater during summer ranged from 10.53 to 92.29 nmol L-1, with a mean of 30.01 ± 

21.12 nmol L-1, and the concentrations generally decreased from the north to the south (Fig. 2 and Table 1). The average 

values in the BS and the NYS were 40.76 ± 24.80 and 38.89 ± 22.61 nmol L-1, respectively, higher than the average value 

of the whole study area, while the mean value in the SYS was 18.02 ± 7.70 nmol L-1, just more than half of the average 175 

value of the whole study area, even though the Chl a values were relatively high in the SYS. In addition, AAd was 

positively dependent on temperature in the NYS (Table 2). DMS and DMSP presented by Jin (2016) showed diminishing 

tendency from inshore to offshore areas (Fig. 3), which was coupled to the distribution pattern of Chl a. DMS and DMSP 

also presented higher values in the BS than in the YS, similar to the case of AAd.  

In winter, Chl a contents in surface seawater ranged from 0.16 to 0.99 μg L-1 (mean: 0.47 ± 0.21 μg L-1) and decreased 180 

from inshore to offshore areas in general. AAd concentrations varied from 4.28 to 42.05 nmol L-1 (mean: 14.98 ± 7.72 

nmol L-1), and high concentrations appeared near the Chengshan Cape where high values of Chl a, DMS, DMSP, 

phytoplankton abundance were also observed (Figs. 2 and 3) (Sun, 2017; Zhang, 2018). Chl a, AAd, DMS, and DMSPd 

all showed declining tendency from inshore to offshore areas in the SYS. Note that the AAd concentrations in the BS 

(15.94 ± 10.49 nmol L-1), the NYS (14.53 ± 7.64 nmol L-1), and the SYS (14.91 ± 6.31 nmol L-1) had no significant 185 

differences.  

3.2 Vertical distributions of AAd, DMS, and DMSP in the BS and YS 

In summer, three transects of B57-63, B12-17, and H19-26, which were located in the BS, the NYS, and the SYS, 

respectively, were chosen to study the vertical distributions of AAd, DMS, and DMSP. Along transect B57-63, the Chl 

a, AAd, DMS,DMSPd, and DMSPt concentrations were within the ranges of 0.15-7.07 μg L-1 (mean 1.58 ± 1.88 μg L-190 

1), 11.08-73.06 nmol L-1 (mean 36.36 ± 23.57 nmol L-1), 2.57-8.79 nmol L-1 (mean 5.51 ± 2.01 nmol L-1), 0.72-3.37 nmol 

L-1 (mean 1.56 ± 0.84 nmol L-1), and 4.12-56.61 nmol L-1 (mean 22.94 ± 21.28 nmol L-1), respectively. All of the 

compounds presented high values in the upper layers. Meanwhile, Chl a and AAd presented relatively high values at the 

bottom of station B61 and B57, respectively (Fig. 4).  

Along transect B12-17, the Chl a and DMS concentrations varied from 0.18 to 2.87 μg L-1 and from 0.74 to 15.76 nmol 195 

L-1, with means of 0.92 ± 0.96 μg L-1 and 7.37 ± 4.50 nmol L-1, respectively. Low values of Chl a occurred in the bottom 

seawater of the transect and in the water column of station B15, while Chl a and DMS presented maximum values at the 

15 m depth of stations B13 and 25 m depth of station B15, respectively (Fig. 4). Concentrations of DMSPd, DMSPt, and 

AAd were in the ranges of 0.36-2.01 nmol L-1, 1.90-63.03 nmol L-1, and 12.77-102.988 nmol L-1, with averages of 1.12 

± 0.48 nmol L-1, 15.45 ± 17.98 nmol L-1, and 34.60 ± 26.00 nmol L-1, respectively. Those concentrations declined 200 



generally with depth and highest concentrations were observed in the surface layers of station B12 and B13. Yang et al. 

(2015a) also found maximum values of DMS and DMSP in the upper water column along transect B12-17 during late 

fall, which were restricted mostly to the euphotic layer. High values of AAd also occurred in the bottom water of stations 

B13 and B17. DMSPd and DMSPt showed a strong positive correlation (Table 2), while AAd did not have a correlation 

with DMSP. Meanwhile, the average value of AAd was more than 2 times of that of DMSPt, the precursor of AAd, which 205 

demonstrated that terrestrial inputs were an important contribution to AAd along transect B12-17. 

Transect H19-26 was affected by the YSCWM in summer, as indicated by low temperature (<10 °C) below 40 m water 

depth. A tidal front divided the transect into a well-mixed shallow water area (station H19) and a stratified deep-water 

area occupied by the YSCWM (stations H21-H26) (Fig. 4). Concentrations of Chl a, DMS, DMSPd, DMSPt, and AAd 

were in the ranges of 0.12-1.50 μg L-1 (mean 0.58 ± 0.39 μg L-1), 0.79-21.98 nmol L-1 (mean 6.44 ± 5.14 nmol L-1), 0.61-210 

21.59 nmol L-1 (mean 3.05 ± 4.92 nmol L-1), 1.11-55.14 nmol L-1 (mean 13.67 ± 12.90 nmol L-1), and 13.19-85.86 nmol 

L-1 (mean 22.24 ± 18.25 nmol L-1), respectively. DMSPd, DMSPt, and AAd showed stratified distributions similar to 

temperature, but Chl a and DMS did not display obviously stratified distributions. The Chl a contents generally decreased 

from inshore to offshore areas with minimum values in the medium and bottom layers of offshore stations. High values 

of the sulfur compounds in the surface seawater and higher concentrations in the YSCWM region than those in the well 215 

mixed shallow water region were in line with the results of Yang et al. (2015b). In addition, there was a relatively high 

value of DMS in the bottom layer of station H23. There were no significant correlations among AAd, DMS, DMSPd, and 

DMSPt, though these compounds showed similar patterns of spatial distribution. DMSPt showed a positive correlation 

with temperature and a negative correlation with salinity (Table 2). Many other investigations also reported the analogous 

correlations (Shenoy and Patil, 2003; Deschaseaux et al., 2014; Wu et al., 2017). 220 

In winter, transect B57-63 was inaccessible for sampling due to frozen condition, thus we only reported the results of 

transect B12-16 in the NYS and transect H19-26 in the SYS. Along transect B12-16, the Chl a, DMS, DMSPd, DMSPt, 

and AAd concentrations were in the ranges of 0.17-1.56 μg L-1, 1.12-4.56 nmol L-1, 1.54-4.55 nmol L-1, 5.33-24.50 nmol 

L-1, and 13.94-27.69 nmol L-1, with averages of 0.53 ± 0.43 μg L-1, 1.99 ± 1.02 nmol L-1, 2.92 ± 0.82 nmol L-1, 11.44 ± 

5.89 nmol L-1, and 17.68 ± 5.21 nmol L-1, respectively. Furthermore, Chl a, DMS, and DMSPt presented homogeneous 225 

distributions from the surface to the bottom, while DMSPd and AAd were heterogeneously distributed with minimum 

values appearing at the surface and maximum values at the bottom (Fig. 5).  

Along transect H19-26, The concentrations of Chl a and DMSPt varied from 0.13 to 0.42 μg L-1 and from 6.12 to 19.92 

nmol L-1 with means of 0.28 ± 0.09 μg L-1 and 11.88 ± 3.97 nmol L-1, respectively. They declined from inshore to offshore 

areas, while DMS (0.52-1.35 nmol L-1, average 0.96 ± 0.29 nmol L-1) and DMSPd (1.92-6.06 nmol L-1, average 3.06 ± 230 

1.07 nmol L-1) showed decreasing trends from the surface to the bottom (Fig. 5). AAd concentrations ranged from 11.04 

to 39.47 nmol L-1 (mean 17.08 ± 6.72 nmol L-1) and did not present significant variations along transect H19-26 except 

the maximum value at the bottom of station H24.  

AAd concentrations in porewater of surface sediments during summer were 13.52-136.42 μmol L-1, with an average of 

73.03 ± 46.05 μmol L-1 (Table 3), but no significant correlation of AAd concentrations between porewater and bottom 235 

seawater was observed. The maximum value of AAd was observed at station H23, meanwhile, the AAd concentrations 

were all relatively high in sediment porewater of transect H19-26 in the SYS, with an average of 121.79 μmol L-1. Stations 

at transect H10-18 in the SYS and transect B12-17 in the NYS presented similar AAd concentrations (about 45 μmol L-

1), while stations (B61 and B63) at the BS showed big differences. Generally, AAd concentrations in porewater of surface 

sediments in the YS were higher than those in the BS. 240 

 



3.3 Degradation of DMSPd and AAd in the BS and YS 

The DMSPd and AAd degradation experiments were conducted using seawater at the endpoint stations of investigated 

transects in the BS and YS during the two cruises. Production and/or degradation rates of DMSPd, DMS, and AAd were 

summarized in Table 4. In summer, the rates of DMS production at all stations were significantly lower than the rates of 245 

DMSPd degradation (Mann-Whitney test, p = 0.01), while rates of AAd production at stations B12 and B63 were a little 

higher than the rates of DMSPd degradation. The rates of AAd production at all stations were higher than those of DMS 

production (Mann-Whitney test, p < 0.05). Enzymatic cleavage ratio of DMSP can be estimated using DMS production 

rate/DMSPd degradation rate. The ratios were within the range of 7.8%-64.5%, with a mean of 27.7%. The maximum 

rates of DMSPd degradation (5.76 ± 0.47 nmol L-1 h-1) and DMS (2.71 ± 0.36 nmol L-1 h-1) and AAd (5.20 ± 0.40 nmol 250 

L-1 h-1) production appeared at stations B57 and B63 in the BS, respectively. The minimum rates of DMS (0.29 ± 0.12 

nmol L-1 h-1) and AAd (1.15 ± 0.31 nmol L-1 h-1) production occurred at stations H26 and H19 in the SYS, respectively. 

Though the rates of AAd microbial degradation at all stations were extremely high compared to the rates of AAd 

production and AAd photochemical degradation due to the addition of exogenous AAd at the beginning of incubation, 

the comparison of AAd microbial degradation rates between different stations were still rational. Specifically, AAd 255 

microbial degradation rates at inshore stations were higher than those at offshore stations and the rates in the NYS were 

comparatively lower than those in the BS and the SYS. Moreover, the average AAd photochemical degradation rates in 

the SYS were higher than those in the BS and the NYS. Assuming that DMSPd and AAd degradation follow first-order 

kinetics, turnover times of DMSPd and rate constants of AAd microbial and photochemical degradation were calculated 

(Table 4).Turnover times of DMSPd in the BS and YS basically fell in the range of 0.03-2.8 d which were estimated in 260 

earlier studies using radioisotopes, inhibitors and low-level additions methods in worldwide oceanic regions (Ledyard 

and Dacey, 1996; Kiene and Linn, 2000a; Simó et al., 2000). In addition, the AAd microbial degradation rate constants 

at most stations were higher than the AAd photochemical degradation rate constants.  

In winter, almost all degradation/production rates lowered compared to those in summer. Furthermore, the turnover times 

of DMSPd in winter were much longer than those in summer (Mann-Whitney test, p < 0.05) but still fell in the range of 265 

earlier studies. The rates of DMS production were lower than the rates of DMSPd degradation and AAd production 

(Mann-Whitney test, p < 0.05) in winter, which were in accordance with those in summer. Even though the difference of 

DMS production rates was not large among these stations, the maximum rates of DMSPd degradation (2.26 ± 0.75 nmol 

L-1 h-1), DMS production (0.10 ± 0.02 nmol L-1 h-1), and AAd production (1.48 ± 0.29 nmol L-1 h-1) were all observed in 

the SYS, which were different from the case in summer. Enzymatic cleavage ratio of DMSP (3.5%-11.1%; average: 7.0%) 270 

in winter were much lower than in summer. The microbial degradation rates of AAd significantly decreased from summer 

to winter but the rate constants in winter did not show dramatic decline compared to those in summer and even slightly 

increased at some stations. The AAd microbial degradation rates and rate constants were higher than the photochemical 

rates and rate constants at most of the stations in winter, which were in accordance with those in summer.  

4 Discussion 275 

4.1 Biogeochemical processes influencing on AAd in the surface water of the BS and YS 

In summer, the average concentrations of PO4
3- in the BS (0.04 µmol L-1), the NYS (0.05 µmol L-1) and the SYS (0.04 

µmol L-1) were similar, however, the average NO3
-, NO2

-, and SiO3
2- concentrations in the BS (NO3

-: 0.89 µmol L-1; NO2
-: 

0.18 µmol L-1; SiO3
2-: 7.91 µmol L-1) were much higher than those in the NYS (NO3

-: 0.22 µmol L-1; NO2
-: 0.04 µmol L-

1; SiO3
2-: 3.26 µmol L-1) and the SYS (NO3

-: 0.52 µmol L-1; NO2
-: 0.10 µmol L-1; SiO3

2-: 4.17 µmol L-1). Therefore, the 280 

high total nutrients contents due to poor water circulations in the BS promoted phytoplankton productivity and 



consequently resulted in high Chl a contents in the BS (Wei et al., 2004; Wang et al., 2009). Meanwhile, the minimum 

value of Chl a emerged in the center of the SYS could be ascribed to limitation of phytoplankton growth due to low 

nutrient contents (concentration of total inorganic nutrients < 3 µmol L-1), while the maximum appeared in the southern 

area of the SYS was due to high concentration of nutrients (total inorganic nutrients concentration of about 15 µmol L-1) 285 

delivered via the CRDW (Wei et al., 2010). 

AAd concentrations in the BS and YS during summer were an order of magnitude higher than those (0.8-2.1 nmol L-1, 

median 1.5 nmol L-1) in the northern Gulf of Mexico in September 2011 (Tyssebotn et al., 2017). The reasons for these 

differences might be related to differences in sample storage, analytical methods and study areas. We stored samples at 

4 °C, while Tyssebotn et al. (2017) stored at -20 °C. In addition, our study area was highly affected by anthropogenic 290 

activities. Relatively higher AAd concentrations in the BS and the NYS than in the SYS during summer implied that 

terrestrial inputs might play an important role in controlling AAd distribution in the BS and the NYS. It has been reported 

that Yalu River flows into the NYS with large amounts of organic pollutants including AA (Liu, 2001), and highly 

populated Chengshan Cape may also be an anthropogenic source of AAd to the NYS. Furthermore, poor water circulation 

in the semi-enclosed NYS and inner BS favours local accumulations of AAd. On the contrary, SYS is a relatively open 295 

water area and thus is much less affected by terrestrial discharges. Moreover, AAd from DMSP degradation was not 

abundant in the SYS though the Chl a values were relatively high, which might be related to the dominance of primary 

phytoplankton species with low ability of AAd production. Specifically, diatoms, a type of algal with low ability of DMSP 

and AAd production, dominated in the SYS during summer (Liu et al., 2015). According to Zhang (2018), the maximum 

phytoplankton abundance in the SYS was 172.39 cell mL-1, among which diatom abundance occupied 146.81 cell mL-1. 300 

Furthermore, the diatom/dinoflagellates ratio was 28.96. In addition, some freshwater algae which do not produce DMSP 

and AAd have been found to distribute in the adjacent area of the Changjiang Estuary (Luan et al., 2006) and the north 

branch of the Changjiang Estuary flows into the SYS. All of those factors may have led to low AAd concentrations in the 

SYS.  

The Chl a contents were substantially lower in winter (< 1 μg L-1 overall) than those in summer due to lower temperature, 305 

light intensity, and phytoplankton activities, while the distribution patterns of Chl a in the two seasons were similar, which 

could be proved by Zhang’s (2018) results of phytoplankton abundance. Zhang (2018) found that the average 

phytoplankton abundance in winter (3.84 cell mL-1) was much lower than that in summer (29.81 cell mL-1), but diatoms 

(3.83 cell mL-1) were still the dominant type of phytoplankton in winter. Moreover, Sun et al. (2001) also found that 

diatoms in the study area were mainly made up of small diatoms in winter and larger diatoms in summer.  310 

AAd, DMS, and DMSP concentrations in surface seawater during winter were about 2-4 times lower than those during 

summer (Table 1) but presented similar distribution patterns. Moreover, Jin (2016) and Sun (2017) found significant 

positive correlations between DMS(P) and Chl a during summer (DMS: r = 0.418, n = 50, p < 0.01; DMSPd: r = 0.351, 

n = 50, p < 0.05) and winter (DMS: r = 0.629, p < 0.01; DMSPp: r = 0.527, p <0.01), respectively. These phenomena 

demonstrated that DMS(P) were mainly from biological production and the biological production was stronger in summer 315 

than in winter. However, AAd showed no correlations with Chl a, nutrients, DMS, and DMSP in the whole study area 

during summer and winter, which were likely impacted by measuring only dissolved AA. The majority of AA produced 

from DMSPd degradation would be expected to be stored intracellularly (Kinsey et al., 2016; Tyssebotn et al., 2017), 

whereas the majority of DMS produced would be expected to be found in the dissolved phase (Spiese et al., 2016). 

Therefore, AAd was not correlated with other biological parameters but DMS presented good correlations. In addition, 320 

terrestrial inputs might affect AAd distributions apart from biological production. Therefore, AAd presented high values 

near the Chengshan Cape with intense human activities, where was also the high value area of Chl a, DMS, DMSP, and 

phytoplankton abundance. Nonetheless, terrestrial inputs were weaker in winter than in summer, which resulted in the 



slightly higher AAd concentrations in the BS than in the YS. AAd, DMS, and DMSP both presented relatively high values 

in the BS and the NYS and reduced concentrations from inshore to offshore areas in the SYS during summer and winter, 325 

which were also consistent with the distribution patterns in the BS and YS during autumn (Liu et al., 2016). 

Positive correlation between AAd and temperature in the NYS during summer and in the BS during winter (Table 2) 

indicated that high temperature might enhance both the biological production and the terrestrial sources of AAd, and 

positive correlation between AAd and DMSPd in the SYS during summer suggested that AAd in the SYS was mainly 

produced by DMSPd degradation rather than the terrestrial inputs. 330 

4.2 Biogeochemical processes influencing on AAd, DMS, and DMSP in the vertical profiles of the BS and YS 

Along the three transects, high values of AAd, DMS, and DMSP emerged in the bottom water occasionally during summer 

and winter, which might result from the release from porewater (Andreae, 1985) (Figs. 4 and 5). DMSP showed positive 

correlations with temperature and negative correlations with salinity along the three transects during summer, while DMS 

and DMSP presented negative correlations with temperature and salinity during winter, which might be due to a co-335 

correlation of these abiotic parameters themselves. DMS and DMSP had negative correlations with nutrients along the 

three transects during summer and winter except positive correlations between DMS and nutrients (PO4
3- and SiO3

2-) 

along transect H19-26 during winter. In addition, positive correlations among DMS, DMSPd, and DMSPt along transect 

B57-63 and B12-17 during summer and positive correlation between DMSPt and Chl a along transect B12-16 during 

winter indicated DMSP as the phytoplankton-derived precursor of DMS (Table 2). 340 

In summer, the average concentration order was AAd > DMSPt > DMS > DMSPd along the three transects, which was 

consistent with the order in surface seawater (Table 1). The higher values of DMS than DMSPd might be produced 

through the intra-cellular cleavage of phytoplankton DMSPp catalyzed by the enzyme DMSP lyase and the photochemical 

and biological reduction of dimethylsulfoxide (DMSO) to DMS (Asher et al., 2017), while the higher values of AAd than 

DMSPt indicated that there were terrestrial sources of AAd besides the contribution from in situ DMSP degradation along 345 

the three transects. Though there were only small differences in the average concentrations of sulfur compounds among 

the three transects, the average concentrations of AAd showed significant differences (Kruskal-Wallis test, p < 0.05). For 

instance, AAd concentrations along transect B12-17 (NYS) and transect B57-63 (BS) were higher than those along 

transect H19-26 (SYS), which was in accordance with those distributions in surface seawater. The high concentration 

could be ascribed to anthropogenic addition. Average contents of both Chl a and DMSPt along the three transects followed 350 

the order: B57-63 > B12-17 > H19-26. This suggested that large amounts of phytoplankton biomass might induce high 

concentrations of DMSPt. 

In winter, the average Chl a and DMS concentrations along transect B12-16 were about twice as high as those along 

transect H19-26, which suggested that Chl a had a direct controlling effect on DMS production. However, the average 

concentrations of DMSPd, DMSPt, and AAd along transect H19-26 were quite similar to those along transect B12-16, 355 

which implied that the enzymatic cleavage of DMSP enhanced and river discharges did not dominate the concentrations 

of AAd in winter. The concentration order along both transect H19-26 and transect B12-16 was AAd > DMSPt > DMSPd > 

DMS. AAd concentrations were only slightly higher than DMSPt, while the DMSPd concentrations exceeded DMS in 

winter.  

A comparison of vertical profiles in different seasons (Figs. 4 and 5, Table 1) indicated that the DMS concentrations 360 

declined dramatically (by more than 5 nmol L-1) from summer to winter, and the DMSPd concentrations also displayed 

significant seasonal variations. The DMSPt concentrations were also a little higher in summer than in winter, consistent 

with the seasonal pattern of Chl a, which highlighted the control of phytoplankton in DMS(P) production in both the two 

seasons. The higher AAd concentrations in summer than in winter were a combined result of high phytoplankton biomass 



and terrestrial inputs in summer. On the whole, the reduced AAd concentrations from summer to winter along transect 365 

H19-26 were lower than those along transect B12-17(16), which suggested that terrestrial discharges are an important 

contribution of AAd concentrations in the NYS, and thus have greatly influenced the spatial distribution.  

The AAd concentrations in porewater in our study were much higher than those (50-60 nmol L-1) in Gulf of Mexico 

reported by Vairavamurthy et al. (1986). The differences might be owing to the differences in sampling, analytical 

methods and locations. In their study, sediment porewater was obtained by centrifugation of thawed samples that had 370 

been kept deep-frozen and they measured only two samples using electron capture gas chromatography, whereas we 

collected porewater via Rhizon soil moisture samplers connecting to vacuum tubes and analysed samples using a high 

performance liquid chromatograph. The pressure in vacuum tube might cause cell break in sediments and thus release 

more AAd in porewater. Moreover, the bacteria abundance and species in the sediments of the BS and YS in 2015 might 

be different from those in Gulf of Mexico in 1986. Wang (2015) reported δ- and γ-proteobacteria were the dominant taxa 375 

in the sediments of the BS and YS, proportion ranging between 24%-70%. Meanwhile, DddY, which is the only known 

periplasmic DMSP lyase (Li et al., 2017), is widely present in δ- and γ-proteobacteria and can cleave the large amounts 

of intracellular DMSP (mmol L-1 levels) concentrated by DMSP catabolizing bacteria (Wang et al., 2017). Therefore, all 

those factors led to high AAd concentrations in porewater of surface sediments.  

Slezak et al. (1994) discovered that bacterial activity was retarded at AA concentrations > 10 µmol L-1 in long-term 380 

incubations of seawater cultures (24 to 110 h). Therefore, AAd in porewater might reduce bacterial metabolism and thus 

impact the microbial community in sediments, which is very important for studying marine sediment ecosystem. In 

addition, we speculated that high concentrations of AAd in sediments might be transported into the bottom seawater as 

Nedwell et al. (1994) found that DMS was emitted to water columns from the sediments. Up to date, there are only very 

limited studies on AAd in sediment, we cannot go further to address potential factors influencing AAd concentrations in 385 

porewater. For better understanding the source and fate of AAd in marine sediments, a detailed investigation of multiple 

parameters such as dissolved organic carbon, DMS, and DMSP in sediments is needed. 

4.3 Degradation of DMSPd and AAd in the BS and YS 

The microbial degradation rates of AAd in the BS and YS during summer were extremely higher than the total biological 

uptake of AAd (0.07-1.8 nmol L-1 d-1) in the northern Gulf of Mexico in September 2011 (Tyssebotn et al., 2017), which 390 

might be due to the differences in the initial concentrations. Specifically, our study added exogenous AAd at the beginning 

of incubation. Nevertheless, we both found the microbial degradation rates at inshore stations were higher than those at 

offshore stations. In addition, almost all the production/degradation rates during summer and winter were independent 

with Chl a, which were also consistent with the results of Motard-Côté et al. (2016) and Tyssebotn et al. (2017). 

The production/degradation rates of DMSPd, DMS, and AAd presented similar distributions in different sea areas during 395 

different seasons. For instance, DMS production rates were lower than AAd production rates at all stations in both summer 

and winter, which implied that AAd is produced by DMSP through more complicated demethylation processes besides 

enzymatic cleavage, which is thought to be the sole pathway of DMS production from DMSP. Meanwhile, low enzymatic 

cleavage ratio (<50%) during both summer and winter indicated that the enzymatic cleavage is not a dominant pathway 

of DMSP degradation (Ledyard and Dacey, 1996; Kiene and Linn, 2000b). Note that AAd productions rates were a little 400 

higher than the DMSPd degradation rates at some stations during both summer and winter, which might be owing to the 

direct production from DMSPp at those stations besides the exogenous DMSPd during the incubation experiments. In 

addition, AAd microbial degradation rates were always higher than the photochemical degradation rates, which suggested 

that microbial degradation is a more important pathway of AAd removal relative to photochemical degradation. 

Nevertheless, the production/degradation rates of DMSPd, DMS, and AAd showed seasonal and spatial variations as well. 405 



Higher production/degradation rates of DMSPd, DMS, and AAd in summer than in winter indicated that temperature 

promoted the degradation/production rates. In addition, the seasonal differences of bacteria abundance and light intensity 

also made great contributions to the different rates of microbial degradation and photochemical degradation, respectively. 

According to Liang et al. (2019), the abundances of Vibrio (γ-proteobacteria) averaged 1.4×106 copies L-1 in summer, 

which is significantly higher than in winter (Mann-Whitney test, p < 0.01), with a mean value of 1.9×105 copies L-1. 410 

Significant seasonal differences in total bacterial abundance were also observed (Mann-Whitney test, p < 0.001). 

Meanwhile, the average light intensity in summer was 49400 lx, which was also higher than that in winter (34050 lx). All 

those factors led to high degradation/production rates in summer. In addition, Liang et al. (2019) also found that the 

dominant bacteria groups displayed different changing patterns in their abundance with seasons and sea areas. Specifically, 

the abundance of V. campbellii was higher in the YS than in the BS in summer (p < 0.05), whereas the abundance of V. 415 

caribbeanicus drastically decreased from the BS to the YS (p < 0.05). Therefore, the different microbial 

degradation/production rates of DMSPd, DMS, and AAd in different sea areas might result from the differences in bacteria 

species and abundance in the BS and YS. Moreover, the capabilities of diverse bacteria species to degrade AAd were 

different, which resulted in the inconsistence of AAd microbial degradation rates and rate constants in the comparison 

between inshore and offshore stations. 420 

In order to estimate the contribution of different sources and sinks of AAd in surface seawater of the BS and YS, we 

applied the following equation:  

dc/dt = rprod - rbio - rphoto + rother 

We assume AAd concentrations were at a steady state, so dc/dt = 0. AAd production rate (rprod) was calculated from the 

AAd production rate constant times the in situ concentration. The AAd microbial degradation rate (rbio) and photochemical 425 

degradation rate (rphoto) followed the same calculation method as rprod. rother represented other sources and sinks of AAd 

except production from DMSPd. According to these equations, the mean rprod, rbio, and rphoto in summer were 5.76 nmol 

L-1 h-1, 8.43 nmol L-1 h-1, and 2.83 nmol L-1 h-1, respectively, thus there were certainly other sources of AAd at a rate of 

5.50 nmol L-1 h-1. These sources might be production from DMSPp, riverine inputs and other unknown sources. In winter, 

the mean rprod, rbio, and rphoto were 1.65 nmol L-1 h-1, 2.66 nmol L-1 h-1, and 1.32 nmol L-1 h-1, respectively, thus the rate 430 

from other sources was 2.33 nmol L-1 h-1, which was less than half of the rate in summer. This coincided with the AAd 

concentrations in surface seawater we observed in summer and winter. 

5 Conclusions 

We studied the horizontal and vertical distributions of AAd, DMS, and DMSP in the BS and YS during summer and 

winter. Significant seasonal variations were observed in the study area. AAd concentrations were relatively higher in the 435 

surface seawater during summer than during winter due to strong biological production from DMSP and abundant 

terrestrial inputs from rivers in summer. The distribution patterns of AAd during summer and winter were similar, that is, 

relatively high values of AAd emerged in the BS and the NYS and concentrations decreased from inshore to offshore 

areas in the SYS. In vertical profiles, high values of AAd, DMS, and DMSP were mostly observed in the upper layers 

with occasional high values in the bottom layers along three different transects. The average concentration sequence was 440 

AAd > DMSPt > DMS > DMSPd among all the three transects during summer, illustrating DMSPp as a DMS producer 

and terrestrial sources of AAd, whereas the sequence in winter along transects was AAd > DMSPt > DMSPd > DMS. 

DMS and AAd presented a stronger decrease from summer to winter than DMSP along transects. We also measured the 

AAd concentrations in porewater of surface sediments. The extremely high values of AAd concentrations in porewater 

can be attributed to the abundant bacteria and active bacteria DMSP lyases in sediments. Moreover, the DMS and AAd 445 



production from DMSPd degradation and AAd degradation rates were always higher during summer than during winter. 

The AAd microbial degradation rates and rate constants were higher than the photochemical degradation rates and rate 

constants during both summer and winter. The AAd production and degradation experiments also proved other sources 

of AAd besides the production from DMSPd. 
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Figure Captions 

Figure 1: Locations of the sampling stations in the BS and YS during summer (a) and winter (b). (c) Schematic circulations 

and water masses in the BS and YS (Su, 1998; Lee et al., 2000). BSCC: Bohai Sea Coastal Current; YSCC: Yellow Sea Coastal 

Current; KCC: Korea Coastal Current; YSWC: Yellow Sea Warm Current; CRDW: Changjiang River Diluted Water; 

YSCWM: Yellow Sea Cold Water Mass.  650 

Fig. 2. Horizontal distributions of Chl a (μg L-1) and AAd (nmol L-1) in the surface water of the BS and YS during summer and 

winter. a: Chl a in summer; b: AAd in summer; c: Chl a in winter; d: AAd in winter. 

Fig. 3. Horizontal distributions of DMS (nmol L-1), DMSPd (nmol L-1), and DMSPp (nmol L-1) in the surface water of the BS 

and YS during summer and winter. Data in summer and winter presented here were described by Jin (2016) and Sun (2017) 

respectively. 655 

Fig. 4. Vertical profiles of temperature (°C), Chl a (μg L-1), AAd (nmol L-1), DMS (nmol L-1), DMSPd (nmol L-1), and DMSPt 

(nmol L-1) along transect B57-63, transect B12-17, and transect H19-26 during summer. Kriging method is used for 

interpolating contours. The black dots represent sampling points. 

Fig. 5. Vertical profiles of temperature (°C), Chl a (μg L-1), AAd (nmol L-1), DMS (nmol L-1), DMSPd (nmol L-1), and DMSPt 

(nmol L-1) along transect B12-16 and transect H19-26 during winter. Kriging method is used for interpolating contours. The 660 
black dots represent sampling points. 
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Fig. 3. Horizontal distributions of DMS (nmol L-1), DMSPd (nmol L-1), and DMSPp (nmol L-1) in the surface water of the BS 

and YS during summer and winter. Data in summer and winter presented here were described by Jin (2016) and Sun (2017) 

respectively. 
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Fig. 4. Vertical profiles of temperature (°C), Chl a (μg L-1), AAd (nmol L-1), DMS (nmol L-1), DMSPd (nmol L-1), and DMSPt 705 
(nmol L-1) along transect B57-63, transect B12-17, and transect H19-26 during summer. Kriging method is used for 

interpolating contours. The black dots represent sampling points. 
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Fig. 5. Vertical profiles of temperature (°C), Chl a (μg L-1), AAd (nmol L-1), DMS (nmol L-1), DMSPd (nmol L-1), and DMSPt 

(nmol L-1) along transect B12-16 and transect H19-26 during winter. Kriging method is used for interpolating contours. The 

black dots represent sampling points. 720 

 

 
  



Table Captions 

Table 1 Summary of the mean values (ranges) and the significance of seasonal differences of AAd, DMS, DMSPd, and DMSPt 725 
at surface seawater of the BS and YS and whole vertical profiles of transects during summer and winter. The significance of 

seasonal differences was obtained using Mann-Whitney test. 

Table 2 Correlations between AAd, DMS, DMSP, and other biogeochemical parameters in the BS and YS during summer and 

winter. Pearson correlation test was used here. 

Table 3 The AAd concentrations in porewater of surface sediments and in bottom seawater during summer 2015. 730 

Table 4 Rates and rate constants of DMS and AAd production from DMSPd degradation and AAd degradation in the BS and 

YS during summer and winter. 

  



Table 1 Summary of the mean values (ranges) and the significance of seasonal differences of AAd, DMS, DMSPd, and DMSPt 

at surface seawater of the BS and YS and at whole vertical profiles of transects during summer and winter. The significance of 735 
seasonal differences was obtained using Mann-Whitney test. 

  AAd (nmol L-1) DMS (nmol L-1) DMSPd (nmol L-1) DMSPt (nmol L-1) 

Summer 

Surface 30.01 ± 21.12 (10.53-92.29) 6.12 ± 3.01 (1.10-14.32)* 6.03 ± 3.45 (1.05-13.23)* 28.86 ± 14.15 (8.70-63.03)* 

B57-63 36.36 ± 23.57 (11.08-73.06) 5.51 ± 2.01 (2.57-8.79) 1.56 ± 0.84 (0.72-3.37) 22.94 ± 21.28 (4.12-56.61) 

B12-17 34.60 ± 26.00 (12.77-102.98) 7.37 ± 4.50 (0.74-15.76) 1.12 ± 0.48 (0.36-2.01) 15.45 ± 17.98 (1.90-63.03) 

H19-26 22.24 ± 18.25 (13.19-85.86) 6.44 ± 5.14 (0.79-21.98) 3.05 ± 4.92 (0.61-21.59) 13.67 ± 12.90 (1.11-55.14) 

Winter 

Surface 14.98 ± 7.22 (4.28-42.05) 1.38 ± 0.41 (0.54-2.22)* 2.30 ± 0.80 (1.16-4.29)* 10.39 ± 4.14 (2.36-22.21)* 

B12-16 17.68 ± 5.21 (13.94-27.69) 1.99 ± 1.02 (1.12-4.56) 2.92 ± 0.82 (1.54-4.55) 11.44 ± 5.89 (5.33-24.50) 

H19-26 17.08 ± 6.72 (11.04-39.47) 0.96 ± 0.29 (0.52-1.35) 3.06 ± 1.07 (1.92-6.06) 11.88 ± 3.97 (6.12-19.92) 

Seasonal difference 

Surface p < 0.001 p < 0.001 p < 0.01 p < 0.001 

B12-16 p < 0.05 p < 0.05 p < 0.001  

H19-26  p < 0.001 p < 0.01  

* collected from published MS theses (Jin, 2016; Sun, 2017) 

 



Table 2 Correlations between AAd, DMS, DMSP, and other biogeochemical parameters in the BS and YS during summer and 740 
winter. Pearson correlation test was used here. 

   T S Chl a DMS DMSPd DMSPt AAd PO4
3- SiO3

2- NO3
- NO2

- NH4
+ 

Summer 

NYS surface AAd 0.676*            

SYS surface AAd     0.626*        

H19-26 DMSPt 0.549* -0.555*       -0.486* -0.510* -0.510*  

B12-17 
DMSPd 0.742*** -0.626**      -0.745** -0.737** -0.784*** -0.792***  

DMSPt 0.746*** -0.707**   0.725**   -0.630** -0.850*** -0.721** -0.730**  

B57-63 

DMS         -0.619*    

DMSPd 0.593* -0.843***      -0.806**     

DMSPt  -0.867***  0.577* 0.745**   -0.762**  -0.650* -0.647*  

Winter 

BS surface AAd 0.972*            

H19-26 
DMS 0.765*** 0.691**      0.772** 0.824**    

DMSPt -0.605* -0.618*           

B12-16 

DMS -0.859*** -0.807**      -0.670*     

DMSPd        -0.748*     

DMSPt   0.930***      -0.852**    

*Significant at p < 0.05. 

**Significant at p < 0.01. 

***Significant at p < 0.001. 
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Table 3 The AAd concentrations in porewater of surface sediments and in bottom seawater during summer 2015. 

Station H10 H12 H14 H16 H19 H23 H25 H26 B12 B13 B61 B63 

Sampling time 
08-19 

06:59 

08-19 

15:28 

08-19 

21:48 

08-20 

03:11 

08-20 

14:35 

08-21 

00:21 

08-21 

08:03 

08-21 

11:24 

08-28 

17:20 

08-28 

19:58 

09-02 

14:42 

09-02 

19:54 

Porewater AAd 

(μmol L-1) 
34.54 13.52 99.89 38.36 128.61 136.42 99.45 122.68 41.31 46.50 15.63 102.40 

Bottom AAd 

(nmol L-1) 
14.34 13.41 12.32 17.54 15.59 13.25 16.23 19.01 16.74 102.98 18.95 23.68 
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Table 4 Rates and rate constants of DMS and AAd production from DMSPd degradation and AAd degradation in the BS and 750 
YS during summer and winter. 

Summer 

Stations 
SYS NYS BS 

H19 H26 B12 B17 B57 B63 

DMSPd degradation rates (nmol L-1 h-1) 3.12 ± 0.69 3.72 ± 0.28 1.44 ± 0.39 1.83 ± 1.08 5.76 ± 0.47 4.20 ± 0.36 
DMSPd turnover times (h) 6.25 5.10 19.31 14.29 4.91 5.88 

DMS production rates (nmol L-1 h-1) 0.55 ± 0.32 0.29 ± 0.12 0.33 ± 0.05 0.69 ± 0.09 0.90 ± 0.46 2.71 ± 0.36 

AAd production rates (nmol L-1 h-1) 1.15 ± 0.31 1.90 ± 0.61 2.53 ± 0.64 1.15 ± 0.69 2.63 ± 0.35 5.20 ± 0.40 

AAd microbial degradation rates (nmol L-1 h-1) 25.36 ± 13.15 22.10 ± 0.89 15.07 ± 0.52 11.84 ± 0.45 16.17 ± 0.52 24.92 ± 3.18 

AAd photochemical degradation rates (nmol L-1 h-1) 3.16 ± 0.36 3.45 ± 2.08 0.91 ± 0.16 4.02 ± 0.34 0.67 ± 0.09 2.36 ± 0.14 

AAd microbial degradation rate constants (h-1) 0.07 ± 0.05 0.36 ± 0.25 0.07 ± 0.004 0.30 ± 0.02 0.50 ± 0.03 0.03 ± 0.005 

AAd photochemical degradation rate constants (h-1) 0.01 ± 0.009 0.02 ± 0.03 0.03 ± 0.006 0.14 ± 0.01 0.04 ± 0.005 0.12 ± 0.007 

Winter 

Stations 
SYS NYS 

H19 H26 B12 B16 

DMSPd degradation rates (nmol L-1 h-1) 2.26 ± 0.75 1.14 ± 0.50 1.92 ± 0.87 0.63 ± 0.59 

DMSPd turnover times (h) 16.53 39.68 31.55 46.73 

DMS production rates (nmol L-1 h-1) 0.08 ± 0.03 0.10 ± 0.02 0.09 ± 0.01 0.07 ± 0.05 

AAd production rates (nmol L-1 h-1) 1.48 ± 0.29 1.22 ± 0.28 0.30 ± 0.25 0.91 ± 0.02 
AAd microbial degradation rates (nmol L-1 h-1) 9.41 ± 0.59 4.73 ± 0.53 8.54 ± 0.08 18.66 ± 0.81 

AAd photochemical degradation rates (nmol L-1 h-1) 4.30 ± 0.14 2.31 ± 0.48 2.72 ± 0.21 0.97 ± 0.46 

AAd microbial degradation rate constants (h-1) 0.06 ± 0.01 0.36 ± 0.07 0.18 ± 0.002 0.29 ± 0.02 

AAd photochemical degradation rate constants (h-1) 0.13 ± 0.005 0.06 ± 0.02 0.13 ± 0.01 0.05 ± 0.02 
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