
Kroeker et al report on a meta-analysis of seagrass ecosystem metabolism from a selection of 
recent studies. Major goals of this study were to identify variations in ecosystem metabolism 
due to 1) seasonality, 2) regional differences, and 3) biological/thermal drivers, and 
determine the extent to which seagrass ecosystem metabolism may help to mitigate coastal 
OA. Unfortunately, this study suffers on two major fronts. First, the literature considered in 
this meta-analysis is very incomplete, and for some reason only considered dissolved oxygen-
based studies (omitting all studies estimating NCP from carbonate system measurements). 
Secondly, the very simplistic (bordering on sloppy) approach to carbonate chemical 
accounting is troubling, given that the key aim of the meta-analysis was to address possible 
OA effects of seagrass metabolism.  Because of these concerns, I find that the conclusions of 
the study are not supported by the analysis presented, making this work unsuitable for 
publication at Biogeosciences. To appropriately address the key questions of this study will 
require a complete re-compilation and analysis of the dataset, with an eye towards more-
appropriate carbonate chemical accounting. 
 
Specific comments:  
 
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 
 
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’.  
 
168: Again, there are studies in this meta-analysis that measured changes in seawater DIC 
directly.  
 
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 
(Barrón 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.  
 
While direct measurements of sediment-water TA fluxes as well as PQ/RQ variability are 
limited for seagrass systems, they are available. Therefore, the approach of Kroeker et al of 
simply ignoring TA sources/sinks, and assuming a 1:1 stoichiometry for converting DO to 
DIC is inadequate.  In order to address the hypotheses of this study, the authors will need to 
revisit their meta-analysis and make some effort to 1) address uncertainty in PQ/RQ, and 2) 
incorporate calcification and anaerobic metabolic TA sources/sinks.  
 
234: As with the previous comment, the “steady state box model” presented here suffers from 
the same issue described above. By estimating NCP_DIC from NCP_DO, then calculating 
the effect of this NCP_DIC on pH, the authors are again directly linking DO to pH without 
considering any biogeochemical processes beyond aerobic respiration and photosynthesis. 
This is not appropriate, as high rates of denitrification, sulfate reduction, and calcification are 
known to affect DIC and TA dynamics (thereby pH buffering) in seagrass meadows. 
Calculating changes in pH from DO alone necessarily ignores anaerobic metabolism and can 
only result in a positive effect of NCP on pH (as is presented in this box model Figure 6). As 
such, the simple model presented here does not help to address whether seagrass meadows 
(not just the seagrass aboveground biomass) can mitigate local OA.  
 
339: “…seagrass meadows in both geographies were net autotrophic…”. Yes, these sites 
were on average net sources of O2, and were therefore net autotrophic with respect to O2. 
However, net metabolism with respect to C will be lower that O2-based metabolism, due to 
anaerobic metabolism in sediments (generating DIC and TA). Without accounting for these 
processes in some way, DO-based metabolism is simply not informative to an assessment of 
trophic state in the context of OA.  
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