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Abstract
Total system metabolism (TSM), or the net photosynthesis and respiration occurring within a system, is a critical index of an ecosystem’s structure and function (Petersen 1998). TSM can be measured in aquatic systems by monitoring dissolved oxygen (DO), which is consumed and produced by respiration and photosynthesis (Odum 1956). We attempted to partition communities contributing to TSM in a constructed wetland cell by measuring two component communities, benthic and pelagic [why is it important to measure component metabolism?]. Accurate measurement of benthic contributions should approximate the difference between TSM and the contributions of the water column (Total – Pelagic = Benthic). We isolated benthic metabolism using a chamber incubation method described by Uchrin et al. (2005).  We measured respiration of the planktonic water column in isolation from the sedimentary processes using a standard light-dark bottle technique (Gaarder and Grann 1927) [need to further partition water column metabolism into SAV and planktonic].  We also tracked DO of the entire system using a probe suspended freely in the water column to approximate TSM.  Our data show that benthic communities contribute the majority of total system respiration and our technique may be appropriate to measure benthic metabolism in future research.  However, our measured rate of photosynthesis is vastly smaller than the rate of photosynthesis in the system as a whole.  We conclude that submerged aquatic vegetation communities (SAV), which were unaccounted for in our study, contribute a great deal more to total system photosynthesis than we originally assumed.  Future research should aim to directly measure the contribution of SAV communities to TSM.
[generally nicely constructed abstract]

Background
Most regions have been subject to change due to the rapidly expanding scale of human influence on Earth’s environments and biogeochemical cycles [Big picture is good for context, but perhaps not this big – this includes everything!  First sentence should hit on wetlands specifically]. The area in which Oberlin College is situated, like the rest of Northern Ohio, was once dominated by forested wetlands (Trettin 1997), some 657,900 hectares of which are estimated to have existed across the state. Since intensive settlement by European-Americans in the early 19th century, Ohio has lost more than 90% of its wetlands, following a national trend of wetland decline.  This loss has inspired a wave of scientific and legal interest in wetland mitigation. This government monitored enhancement or restoration of wetland ecosystems has been highly controversial, with many questioning the ability of constructed wetland environments to fulfill the roles of their natural analogues (Esty 2007). [I think you could probably head straight from one sentence on importance of wetlands into importance of being able to clearly distinguish metabolism and component system metabolism]
           The extent and effects of anthropogenic changes to natural systems remain largely unknown (Waring et al. 1998) [again, this is too broad a context.  Reader wants to quickly understand specifics of what important gap in knowledge your research addresses]. Ongoing research seeking to mitigate or alter human influence on the environment, as with wetland mitigation, often focuses on understanding the relationship between structure and function and the flow of energy and matter through systems (Sutton-Grier 2010) [this sentence could be a good starting place]. Total system metabolism (TSM), also known as whole system or community metabolism, is a critical index of ecosystem structure and function. TSM measures net photosynthesis and respiration occurring within a system, and estimates energy flows by tracking the carbon compounds that are respectively produced and broken down in these metabolic processes. In aquatic systems such as wetlands, TSM may be approximated by monitoring dissolved oxygen (DO), which is consumed in respiration and produced in photosynthesis (Odum 1956, Odum Hoskin 1958) [yes, these are the appropriate first citations to use].
           For our study, we assumed that TSM could be broken into two components: benthic and pelagic. Benthic metabolism refers to processes occurring in, on, or directly above the sediments. Pelagic metabolism refers to all metabolism in the water column between the benthic zone and the surface of the water. The relative contributions from and interaction between these components to the TSM of aquatic ecosystems, however, remains unknown. A clearer understanding of the components that contribute to TSM would inform research aimed at improving ecosystem function [OK, but I think you can and should get more specific in helping reader to understand why it is important to understand these]. Conversely, a better understanding of TSM could be used to assess the activity of metabolic components of the system such as sediment communities. In addition to allowing us to better mitigate damage to ecosystems from land development [how], a better understanding of aquatic metabolism might inform the design of wastewater treatment systems. Specifically, understanding the relationship between the structural composition of constructed wetlands, and their ability to process nutrients – a major ecosystem service for which wetlands are valued – would improve mitigation techniques, informing such practices as planting specific taxa or functional groups and removal of invasive species. [This is good stuff, but a bit too general, I don’t feel like I am getting a clear enough explanation of importance/critical gap in knowledge here].
We expected to see high rates of respiration from the benthic communities.  In the fall, photosynthesis rates decline as a whole as day length and temperature decreases.  As photosynthesis declines, perennial plant communities spend less energy converting CO2 to usable energy and begin storing sugars in preparation for the winter.  At the same time, annual plant communities senesce, resulting in the deposition and decomposition of organic matter on the sediment floor [good, yes, potentially you are seeing respiration rates that reflect decomposition of significant fraction of seasonal growth.  I think you can build a stronger component of the gap in knowledge associated with importance of measuring this in the fall].  As photosynthesis declines annually in the fall, rates of respiration increase (Gawne 2007) [presumably they don’t increase BECAUSE photosynthesis drops off, but because of accumulated organic matter.  What does the declining temperature do to respiration though?].  Since we collected data in the fall of northeast Ohio, we expected to see a high rate of respiration in the sediments, which we hoped to be able to measure as benthic metabolism. 
We conducted our study on a constructed wetland cell that has been studied by past students of Oberlin College [worth at least a sentence or two more specifically describing this experiemental system – size, age, restoration procedure and a word or two about the larger experiment – e.g. “this wetland is one of six similar cells that are part of research on the plant community composition on ecological function.  The particular cell we worked in was one of four high plant diversity treatments”.  Including this can potentially help you build a component of your gap in knowledge – you are developing a technique which will help to assess differences in the function of these wetlands in response to the treatments.  This is an important justification for your work!].  We aimed to elucidate the relative contributions of benthic and pelagic processes to TSM.  We designed an experimental setup that would enable comparison of TSM to metabolism measured by two experimental systems.  We used DO readings from a standard light-dark bottle incubation (Gardner and Grahnn 1927) to approximate planktonic metabolism.  We used a benthic incubation chamber similar to that designed by Uchrin et al (2005) in order to track the metabolic contributions of benthic communities. Based on a previous study in this wetland cell (Ackerman et al. 2006) [Grossman thesis is much better reference for this – I don’t think Ackerman assessed this], we were able to assume that the water column was well mixed and that we could accurately measure TSM with a single free-floating probe. 
We assumed that the bottle incubation would show changes in DO that accurately reflected water column processes. Similarly, we expected our benthic incubation chambers to accurately represent the wetland’s benthic metabolism. Thus, TSM as calculated under a two-component benthic-pelagic model should have been approximately equal to the summed metabolic rates of our benthic chamber and depth-integrated bottle apparatus.

Methods
Data Collection
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We designed three benthic incubation chambers to isolate our in situ DO probes from the water column and suspend them immediately above the sediments. Figure 1 contains a schematic of our design.  The chambers consist of an overturned bucket with two holes drilled in the bottom, both of which are sealed with rubber stoppers.  The larger stopper has holes for the cabling of the DO probes to be fed through.  The second hole in the bucket is an exhaust that is opened when installing the buckets to allow air to escape and water pressure to reach equilibrium.  Lip of lid was removed from bucket to allow it to more easily penetrate sediment with minimal disturbance.  To create a control for possible artifact from our design, one of the buckets was fitted with an water tight lid so that it could be filled with water and incubated under similar conditions to the benthic chamber, but not exposing to sediment processes.
We used OxyGuard galvanic DO probes (OxyGuard International A/S, Birkeroed, Denmark).  The probes measure oxygen concentration using galvanic probe technology with a permeable membrane that consumes oxygen in the water immediately around it. The DO probes are each equipped with a magnetic stir-bar that ensures the water in the apparatus is well mixed and does not allow an anoxic zone to form around the membrane. Prior to deployment, we measured the rate of DO consumption that could be attributed to the probe alone. To accomplish this we bubbled a bucket of tap water for a week to saturate it with oxygen, and then put a DO probe into the bucket.  We isolated the saturated water and the probe from gas exchange by packing plastic bags at the air/water interface. DO readings from the probe were recorded every minute for about 27 hours.  The first measurement of DO consumption by the probe seemed too [unrealistically?] high, so we repeated the procedure after our experiment [better justification?]. Results of these measurements are displayed in Figure 3. 
Our study site was a constructed wetland plot on the George Jones’ Memorial Farm, a college-owned property located about two miles southeast of Oberlin, Ohio.  The wetland plot is rectangular, with a shallow southern end that gradually slopes down to the deeper northern end.  We deployed the three benthic incubation chambers at 8:00 am on Nov. 11th, 2010.  We hoped to simulate mean benthic conditions by placing each benthic incubation chamber at an intermediate depth in the wetland cell. We pressed the open end of the two experimental chambers into the sediments.  It was impossible to insert the buckets into the sediments without also enclosing some submerged aquatic vegetation (SAV).  The control rested on top of, and was not inserted into, the sediments, and did not enclose any SAV.  An additional free-floating probe was installed during the afternoon, suspended in the water column by a floatation device attached to a pulley system. Figure 2 displays the approximate location of each probe in the wetland plot. 
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Readings from the probes were recorded every 5 minutes using two HOBO data loggers (Onset Computer Corporation, Bourne, MA) left on-site.  DO readings were amplified using a circuit designed by Professor John Petersen (Oberlin College) and powered by a rechargeable 6-volt lead acid battery.  All four probes were left untouched until their removal the next day at 1:30 pm. 

To approximate metabolism in the water column, we utilized a standard light-dark bottle incubation technique (Gardner and Grahnn 1927).  We filled six light-permeable and three light-impenetrable biological oxygen demand (BOD) bottles with water from the wetland and deployed them at three discrete depths.  All of the light-impenetrable bottles were deployed at the lowest depth (Figure 1).  Nine sets of DO readings were taken from each bottle with a hand-operated BOD type DO probe by Yellow Springs Instruments, which was also equipped with a stirring apparatus to avoid formation of an anoxic zone.  Readings were taken once before deployment, then twice in the afternoon, evening, and following morning and afternoon. Bottle six, one of the light bottles, was not measured because early in the incubation the lid was lost and the bottle was drained of its contents. When taking DO readings from the bottles using the hand operated DO probe it was impossible prevent a small volume of water from escaping.  Before replacing the bottles we topped them off with water from the wetland to prevent air bubbles from skewing our measurements. 
[Nice diatram for figure 2, might be useful to situation it near figure 1]
Data Analysis
After retrieving the benthic incubation chambers and their respective probes from the wetland cell, we determined the calibration constant of each probe by taking readings from them in oxygen-saturated water of a known temperature.  The voltage data from each probe was multiplied by its calibration constant to give us units of mg O2/L (Garcia and Gordon 1992).  We plotted oxygen concentration against time, and then fit regression lines to portions of data from each probe that we surmised best represented respiration or photosynthesis. These data are graphed in Figure 4.  We used the slopes of these regression lines as our measured metabolic rates. We used the mean DO readings from the three groups of bottles to calculate an approximation of the metabolic rates of the water column. These data are graphed in Figure 5.  When comparing metabolic rates we converted our data from units of mgO2/L to units of mgO2/m2.  The readings from the benthic incubation chambers were integrated with the height of the buckets [wait, did we talk this through?  Isn’t it the case that if you subtract out the blank from the bucket and multiply by volume and then divide by area you get the area measurement of sediment metabolism?  Maybe what you describe here ends up being the same thing, but I am a bit confused by the description] , the bottles with the depth of the portion of water column they represented and the free floating probe with the average depth of the entire wetland cell.  This change reflects our interest in benthic metabolism, which is most accurately described by unit area rather than volume.  
The data from one of our experimental buckets was too erratic to interpret and we assume that this is a result of DO probe malfunction [provide some justification for excluding it), so we did not include it in our analysis.  Respiration data from the TSM probe was erratic to a lesser degree; in order to fit a regression line, we filtered the data with a transformation in Excel that applied an arbitrary limit on the amount data points were permitted to increase above the previous point.  In this way, if the difference between two consecutive data points was larger than our arbitrary limit, the second data point would be excluded.
[Seems a bit odd to have analysis before results.]
Results


Our first results from attempting to determine the oxygen consumption of the DO probes in the buckets are shown below and on the top, our second attempt is below.  The second regression line is a degree of magnitude smaller than the first attempt, leading us to the tentative conclusion that any oxygen consumption by the probe was negligible.  [I know what you did, but I think someone unfamiliar with your work needs a clearer explanation that what you are doing here is determining the rate of consumption of the probe itself and not some measure of biological activity]
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[Measuring the consumption of DO by the probe was an important thing to do, but in some ways it ended up not being essential to your experiment because when you subtract our your control chamber from your benthic chamber to account for water column metabolism, you end up also adjusting for DO consumption by the probe itself.]
In Figure 4 the rate of respiration [Photosynthesis? Metabolism?] in the control chamber is minimal because the bucket did not allow light to penetrate — so photosynthesis could not occur— and the lid isolated the water in the chamber from the majority of sedimentary processes — so respiration was minimal.  The rate of respiration in the experimental benthic incubation chamber and in the system as a whole are very similar, indicating that the majority of the respiration occurring in the system occurred in the in situ benthic incubation chamber.  The comparison of these rates is in Figure 6.
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Figure 5 shows that the measurements of DO from the depth-integrated bottle apparatus were erratic, particularly the measurements from the dark bottles.  Since no biological process could have increased DO in the dark bottles, we only used the data from the last two averaged data points in order to calculate rate of photosynthesis and respiration in the water column.
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In order to calculate the rate of respiration in the benthic incubation chamber due solely to sedimentary processes, we subtracted the rate of respiration in the control chamber.  This was necessary to exclude any artificial respiration occurring because of the experimental design. We also added the respiration from the dark bottles to the respiration in the benthic incubation chambers to approximate total system respiration.  In this figure, any photosynthesis and respiration that occurred in the system as a whole but was not measured by our experimental design is shown in dotted lines.  [Somewhere it is important to mention that your control chamber contained only water while your benthic chamber contained SAV as well.  On the graph below, I think the graphic would have been improved by expressing respiration as positive rather than negative numbers (i.e. above the zero line).  This would enable the viewer to easily see the differences between rates of photosynthesis and respiration – looks like P exceeds respiration.  It also is not clear on this figure whether your photosynthesis is GPP or NPP – pretty critical to know!]
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[Where is the figure legend???]
Discussion
 
Our data show that the combined respiration occurring in the benthic incubation chamber and the depth-integrated bottle apparatus contributes the majority of the total system respiration.  We were also able to measure a small amount photosynthesis in the water column using the depth-integrated bottle apparatus, which contributes a minuscule portion of total system photosynthesis.

The fact that the largest component of total system respiration occurred in the benthic incubation chamber concurs with our understanding of the seasonal patterns of changes in metabolism [good, explain further].  In this way, our data supports our hypothesis that we would be able to measure benthic respiration using the benthic incubation apparatus and that the rate of respiration would be high.  However, the respiration occurring in the benthic incubation chambers and the photosynthesis from the depth-integrated bottle apparatus do not measure up to the rate of oxygen consumption and regeneration in the system as a whole. 

Initially we had assumed that the wetland was divided into two component communities that contributed to change in DO — benthic and pelagic.  We defined benthic communities primarily by the sedimentary components, and pelagic communities as all the microbial biota that was free-floating in the water column.  We further assumed that the water column was well-mixed.  This assumption enabled us to fill the bottles and the benthic incubation chamber with water from the wetland without regard for which part of the wetland it came from.  Our experimental design was able to measure the contributions of these microbial and planktonic communities in the sediments and the water column.  However, the gaps in our data suggest that our assumption that the wetland comprises merely benthic and pelagic communities was not correct, that there was a missing element of the ecosystem that was contributing to changes in DO. [I think you are confusing subdivisions.  Pelagic includes plankton and SAV.  So I think your problem was the assumption that plankton was the important part of the pelagic community.]

The apparent disparity between the total system photosynthesis and photosynthesis measured in our depth-integrated bottle apparatus leads us to conclude that SAV, which was not incorporated into our bottles, is responsible for most of the unaccounted for photosynthesis. This is consistent with other studies of aquatic ecosystems in which macrophytes and epiphytes were found to be the dominant contributor to photosynthesis (Cole 1978) [good use of literature].  In the wetland cell we studied at the George Jones Memorial Farm, Coon’s Tail (Ceratophyllum demersum) dominates the SAV community.  In assuming that a two-component system measuring ‘benthic’ and ‘pelagic’ metabolism would account for all existing processes, our experimental design failed to account for the abundance of SAV in the wetland. [good].

We have two potential hypotheses about the gap between total system respiration and the respiration we measured in our experimental design.  Our benthic incubation chambers may have failed to accurately capture the heterogeneity of SAV distribution on the floor of the wetland.  Therefore, our measurements might not accurately reflect their contribution to respiration of the total system. Alternatively, our benthic incubation chamber might not have captured the heterogeneity of sediment communities [I like your thinking on these alternatives]. Therefore, our measurements might not accurately reflect sedimentary communities’ contribution to total system respiration. Since the gap between total system respiration and our experimentally measured rate of respiration is smaller than the gap in photosynthetic rates, we conclude that benthic plant communities contribute more to total system photosynthesis than to total system respiration. [A bit hard to say much here since the Coon’s tail exists throughout the water column, some of it may be rooted, but some of it is just floating.  Hard to know what “benthic plant community” means here]

These disparities revealed the inadequacies of a benthic-pelagic conceptual and experimental model, forcing us to question our two-component equation for total system metabolism. Instead, perhaps a three-component system in which plankton, SAV, and sediment communities should be conceptualized and measured independently ought to be considered.  [Good.  Seems like you might still use the benthic chambers, just find a way to exclude SAV]

Future studies should further replicate measurements of oxygen consumption by the DO probe because our results were inconclusive. Further research should also consider the three-component model of this wetland system.  Should benthic incubation chambers continue to be used as a technique for measuring benthic metabolism, we recommend additional replication to better represent the contributions of the benthic communities to TSM.  Using additional replications may also account for the heterogeneity of sedimentary metabolism and SAV density.    
[The reflection on methodological challenges is good.  You might say a bit more about future potential of the technique, particularly as it relates to explaining potential functional differences among wetlands.]
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Stephanie, Adam, Casey:

All are well aware of the limits to the conclusions that can be drawn because of limited data, messy data, and problems with neglecting SAV.  So you end up with a fairly limited set of conclusions that largely focus on methodology.  These challenges notwithstanding, from my perspective, the PROCESS by which you approached the experiment, data analysis and presentation is exemplary.  You really dug in and grappled with the challenges and adjusted your strategies in ways that good researchers must.  From this vantage point I would say that this project was quite successful.  I feel very good about your work on this and hope you do as well.
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>Introduction (Casey): Excellent job of setting context from very big picture to specifics relevant to study.  Speaking was a bit too fast.
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Figure 1. Schematic of Experimental Designs
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Figure 3. Oxygen Consumption Curves from in situ DO probes





Figure 4. Rates of Respiration and Photosynthesis in Wetland Cell





Figure 5. Averaging mg O2/L in Depth-Integrated Bottle Arrays








