
Response to the editor:  
 
We agree with the reviewers that a meta-analysis of studies measuring carbon metabolic fluxes 
would be additionally useful, and arguably more targeted in addressing the potential for seagrass 
metabolism to drive OA amelioration. However, the purpose of the study herein was to review 
past studies on metabolism, building on previous efforts such as those conducted by Duarte et al. 
(2010) and Unsworth et al. (2012). Given the high prevalence of O2 studies, we intentionally 
choose to focus on these measurements as an opportunity to assess broader trends within the 
literature.  
 
As future research advances and more direct carbon metabolic fluxes measurements are taken, 
and additional review or meta-analysis on these studies would be a welcome scientific 
contribution. By re-framing our study to highlight variability in oxygen fluxes, we address the 
reviewers concerns while still providing a useful synthesis of the many new oxygen metabolism 
studies released since past review efforts were conducted. In addition to these overarching 
comments, we address reviewer specific reviewer comments below:  
 
Reviewer 1:  
 
Reviewer comment: 136: The authors raise two concerns regarding the existing literature, 1) 
that no data exist for the N Pacific, and 2) no studies exist using direct DIC measurements. For 
1), the authors should see Tokoro et al (2014) and more recent work from the group. Regarding 
point 2), there are in fact quite a few studies which have relied directly on DIC or DIC+TA 
measurements to quantify NCP in seagrass meadows. At least one of these studies (Van Dam et 
al., 2019) was included in this meta-analysis, and it is not clear why the authors chose to omit 
these and other DIC-based metabolism estimates. Others including DIC measurements include, 
but are probably not limited to: Perez et al 2018; Eyre et al., 2011; Ribas-Ribas et al., 2011, 
Dollar et al., 1991; Turk et al., 2015 
 
Response: We have reframed the paper to focus on seagrass oxygen metabolism, removed the 
box model, and limited the discussion of OA amelioration.  
 
--- 
 
Reviewer comment: 143-145: There is another major conceptual flaw here regarding the 
treatment of data collected using different methods. It is unclear what the authors intend NCP to 
represent. Is this only a consideration of benthic community productivity? Or is it inclusive of 
water column processes as well? While some approaches may be direct metrics of water column 
+ benthic NCP (mass balance or eddy correlation in some cases), others are very clearly metrics 
of only a single component of NCP. For example, benthic chambers explicitly exclude water 
column production, and are therefore only metrics of benthic productivity. Larger benthic 
chambers, which include greater water-column heights may be some combination of water 
column and benthic NCP. It is therefore hard to understand why all methods were combined, 
except for ‘mass balance’. 
 
Response: Our intention was to be transparent about the variability arising from the different 



methods used to measure seagrass metabolism. Because of the focus on seagrass in particular, we 
are by definition trying to characterize benthic NCP. However, as the reviewer noted, some 
methods are more explicitly focused on the benthic component of NCP (i.e., small chambers) but 
these methods also have drawbacks (e.g., limited flow that influences the estimates, which has 
been discussed extensively in the literature). Rather than making a judgment call on which 
method is better, we decided to show the variability that resulted from the methods (Fig. S1). 
Because the estimates from the mass balance approach were much greater in magnitude and 
variability than other approaches, even those that also include some aspect of the water column 
NCP, we removed them from the variability analyses but kept them in the methodological 
comparison. All other methods could not be easily distinguished from each other visually. We 
further added lines 210-215 to acknowledge the methodological variation we explored in Fig. S1.   
 
--- 
 
Reviewer comment: 168: Again, there are studies in this meta-analysis that measured changes in 
seawater DIC directly. 
 
Response: We removed this statement (and others like it) from the manuscript. See lines 177-
180.  
 
--- 
 
Reviewer comment: 170-175: The goal of this study was to assess the ability of seagrasses to 
mitigate coastal OA. This is necessarily a question of carbonate chemistry variability, and as 
such, I find the DO-based approach used here to be highly suspect. Yes, if PQ and RQ are 
exactly 1:1, then a conversion of DO-based NCP to DIC-based NCP is appropriate. However, 
there is no reason to think that either PQ or RQ should be 1:1 in a seagrass meadow where a 
variety of processes consume/produce DIC (calcification, anaerobic metabolism) irrespective of 
Oxygen exchange. As such, prior measurements place PQ somewhere between 0.5-2.6 (Turk et 
al., 2015), and direct comparisons of NCP_DO and NCP_DIC show very weak correlations 
(Barron et al., 2006), certainly not 1:1 behavior (Van Dam et al., 2019). As a related factor, 
anaerobic metabolic processes in sediments can generate appreciable sediment-water TA fluxes 
in seagrass meadows. The impact of this on carbonate chemical buffering (thereby OA-
amelioration) will depend on the stoichiometry and relative rates of the various anaerobic 
processes. 
 
Response: We agree with the reviewer that the PQ and RQ are unlikely to be 1:1, and we discuss 
this in the manuscript. Indeed, we report a wider range of PQ values than 0.5-2.6 in our 
discussion (Lines 415-416). To deal with this issue, refocused the manuscript on variability in O2 
fluxes associated with seagrass metabolism, removed the box model, and limited discussion of 
potential OA amelioration. We further acknowledge sources of variation in these ratios and their 
implications for OA amelioration in lines 128-130, 144, 611-614, and 622.  
 
 
Reviewer 2:  
 



Reviewer comment: This study aims to identify drivers of change within submerged vegetated 
habitats through a meta-analysis of seagrass ecosystem metabolism from studies reporting 
productivity using oxygen as a proxy for carbon fluxes. While this eventually could be a very 
useful paper, the manuscript has too many flaws to be accepted in its present condition.   

The study has omitted large parts of the literature on seagrass productivity, there are several 
other, very important studies, many reporting O2 dynamics (especially in the older 
literature).  And why report only oxygen evolution studies? There are also reports from other 
methods, like e.g. Tokoro et al that measured CO2 directly, or in situ PAM work, like e.g. Gobert 
et al 2015, and references therein. 

Response: We considered the full range of papers on seagrass metabolism, but because our 
intention was to characterize the variability in space and time of seagrass metabolism, we could 
not find enough studies using other approaches (i.e., measuring CO2 directly) to characterize the 
variability aspect. We did not include approaches that only measured leaf-scale productivity (i.e., 
PAM) because we were interested in community metabolism associated with seagrass meadows 
and their associated community.  

Regarding the older literature, it is possible that some studies might have been missed using our 
search terms while some could have been excluded because they did not meet our criteria for 
inclusion (which were set to try to increase comparability between studies that we synthesized). 
We have reported our search terms in the paper, but for further clarity, we have developed an 
additional comprehensive supplementary table that outlines the papers found using our search 
terms that were excluded and for what reasons.  
 
--- 
 
Reviewer comment: The comparison between enclosures and other methods is tricky. At lines 
124-126 the authors write: “In contrast, measurements of NCP taken over longer time periods or 
that incorporate the full 24-hour cycle (full-day NCP) provide insight into the cumulative effect 
of seagrass on seawater chemistry” 
This might not be true (for encolusures) since it has been shown that incubations as long as 24h 
might yield very low values as the chamber effect will be considerable. Thus these studies might 
have been severely underestimating productivity. (Olive et al 2016) 
 
Response: We agree with this interpretation. However, we decided that transparency was the best 
option for characterizing the variability associated with the different methods, and as such, 
included the plot that showed the differences across the different methods. Visually, we couldn’t 
clearly distinguish between methods except for the mass balance approach. This is evident in 
Fig. S1 and we acknowledge address methodological variation in lines 210-215.  

--- 

Reviewer comment: Overall the authors neglect to account for any changes in seawater 
carbonate chemistry. Especially calcification (very important in many tropical areas) is forgotten. 
The formation of CaCO3 have been shown to decrease pH and force CO2 from the water to the 



atmosphere. However, some researchers suggest that the net effect of increased productivity and 
calcification has a positive effect on the overall productivity within the system. This must be 
discussed properly, a good starting point for such a discussion could be found in e.g. Gattuso et 
al 1995, Frankignoulle et al 1995 and Mazarrasa et al. 2015. 

While we appreciate this suggestion, we accept that there may be too many issues to contend 
with to adequately translate from oxygen evolution studies to OA amelioration. Thus, we have 
reframed the manuscript on seagrass metabolism and oxygen evolution and limit discussion of 
OA amelioration potential. Furthermore, we acknowledge additional drivers of seawater 
carbonate chemistry change such as those mentioned by this reviewer in lines 128-130, 144, 611-
614, and 622.  
 

 


