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ABSTRACT

How can constructed wetlands be designed to best replicate the function of natural wetlands that have been lost?  Current research indicates that restored wetlands do not function like natural wetlands, yet there is little more than speculation regarding the causes of this discrepancy.  In order to study this further, the southern field at the Clark Farm [do not assume that the reader has knowledge of the Clark Farm – keep description general]  will be restored into a set of experimental wetlands for future research.  If restored wetlands were functioning as natural wetlands we would expect to see an accumulation of soil organic matter (SOM) to the same level as a comparable naturally occurring wetland.  By monitoring SOM over time we can determine whether this is so.  Our research has established baseline SOM data for the site, which has been left as a fallow field for two years since SOM data was last collected.  This data can be compared to SOM data in the future to assess whether accumulated soil organic matter can serve as one measure of wetland function.  A better understanding of SOM accumulation over time will help us understand the relationship between wetland design and function.

[Good abstract]
INTRODUCTION AND BACKGROUND


Wetlands are essential ecosystems that serve important functions, including water filtration, flood control, and species habitat [a few general references to support these contentions would be appropriate].  46% of species listed as endangered by the United States are wetland dependent species (Boylan and Maclean, 1997).  Wetland soils tend to have more organic matter than upland soils (Brinson, 1981).  Because of this, wetlands may play an important role in carbon sequestration, which is important as we face the threat of global climate change.  Unfortunately, more than 50% of original wetland areas in the US have been developed or modified into other ecosystem types, and loss continues (Opheim, 1997).


In response to this crisis, scientists have undertaken wetland restoration projects to recreate wetland ecosystems.  Scientist hope that restored or created wetlands will replace the functions and values lost by destruction of natural wetlands (Whigham, 1999).  However, the effectiveness of wetland restoration in terms of biodiversity and ecosystem function, as well as indicators of wetland success, are still under debate (Mitsch, 1996). The scientific base needs to be strengthened for this debate to be resolved (Zedler, 2000).


One key problem in determining wetland success, is that a wetland’s success is typically determined by sampling and analyzing over a three to five year period, using criteria such as vegetation cover, animals present, and plant lists (Mitsch 1996).  Mitsch argues that these projects should require an even longer period of time of 15 to 20 years to judge the success of the wetland (1996).  Joy Zedler writes that predictions of long-term wetland success may be meaningless if based on short-term data (Zedler, 1999). [In scientific writing authors are generally cited indirectly rather than directly].
Many wetlands are constructed in compliance with wetland mitigation laws.  These laws were created in response to the loss of wetlands from development, and require no net loss of wetland acreage and function.  If a developer wants to drain a wetland in a certain area, they are responsible for the creation of another wetland of at least equivalent acreage and function somewhere else. (NRC 1995). Of course, the lack of clear indicators of wetland function makes it difficult to determine whether a mitigation wetland is an adequate replacement for the wetland that was destroyed.  In general, the use of mitigation to offset wetland losses has not been proven to be effective, as full replacement of ecological functions has not been demonstrated (Shaffer and Ernest 1999).  Likewise, the National Academy of Sciences concluded after an extensive study that, despite progress in the last 20 years, the goal of no net loss of wetlands is not being met for wetland function by the mitigation process (NRC 1995).


Experimental wetlands provide a landscape-scale laboratory for strengthening the scientific base of wetland function indicators.  One such wetland is planned for the Clark Farm in Oberlin, Ohio.  The site, currently a poorly-drained fallow field, will be reconstructed into a set of replicated systems with nearly identical hydrology, soil, size and material and energetic throughput in which key variables, such as initial seeding, fertilization, and pest management can be manipulated for research purposes (Masi, 2000) [describe potential acreage and history of land use].

A study by Cole et al. (2001) found that while constructed and historical wetlands had similar levels of plant production, constructed wetlands had much lower soil organic matter content. Moreover, several studies have found that this deficiency is not corrected over time (Shaffer and Ernst 1999, Cole et al. 2000).  Poor soil conditions, specifically low SOM and nutrient concentrations, along with inappropriate texture, are cited as a primary factor limiting the ecological development of projects.  Status of SOM is of particular concern because it provides, supports, and regulates a number of wetland functions. Low SOM concentrations have been associated with reduced levels of function, including poor establishment and growth of vegetation, poor habitat/food chain support for invertebrates and fish, and altered nutrient cycling (Shaffer and Ernest 1999).  SOM also appears to be a strong regulator of microbial biomass activity (Groffman et al. 1996).   

The SOM data collected in this study will serve as baseline data for future research on SOM accumulation in the restored wetlands.  By varying wetland restoration design and management in replicated wetlands, we can study what factors influence SOM accumulation.
METHODS

We followed the procedure practiced by Sunrise Co-op, who collected soil samples at the Clark Farm in 1999 [Since this is not a publicly available document, you need to be specific about how the sampling was done.  Also, include a complete address for Sunrise Co-op.].  Sunrise collected 18 samples on a one-acre grid.  We sampled at 45 points using a smaller grain size, including the 18 points collected in 1999.  At each sample point, we took six 8” deep soil cores at a twenty-foot radius around the center point.  [What type of coring device did you use?]  We dried the samples at 100(C for 32 hours to determine dry weight [what procedure recommends this drying time?].  We then burned the samples in a muffle furnace at 400(C for 16 hours to determine ash free dry weight.  This standard method for determining loss-on-ignition is outlined in Nelson and Sommers (1996).  [Is this the same temperature and duration used by Sunrise?].  [How did you use GPS to locate your samples?  What brand and model of GPS unit did you use?]
[Methods section should include methods used for analysis.  Describe what GIS package you used and analyses that you conducted.  The maps below suggest that you interpolated data].
RESULTS

Soil organic matter in our samples ranged from 3.84% to 10.07% across the area that is slated to become (?) wetland, with an average of 6.06% SOM.  Figures 1 and 2 below show maps of SOM in 1999 and 2001, respectively [describe how you constructed these maps in your methods section].


The large area on the west with the highest SOM in both studies is on a ditch that drains from the adjacent property across the field.  Running parallel to this ditch, to the south, is a slight ridge, where the SOM was generally lower in both studies. 
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fig. 1.  SOM in 1999.  Darker areas indicate higher SOM concentration. [Include an indication of  the unit difference in SOM between each contour?]
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fig. 2.  SOM in 2001.  Darker areas indicate higher SOM concentration.
SOM increased at all points sampled.  Figure 3 below shows the difference in SOM from 1999 to 2001.  Along the ditch SOM increased the least, while the greatest increase was along the ridge to the south of that ditch.  There is also a depression at the north that had high SOM in 2001 and where SOM increased significantly since 1999.
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fig. 3.  Change in SOM from 1999 to 2001.  Darker areas indicate a greater increase in SOM.  SOM increased in all samples. [In the methods section describe how this map was generated.]
DISCUSSION


Our samples show highest SOM in areas with lower elevation, including the ditch that runs across the site and a depression on the north end of the site.  SOM was lower along the ridge that runs parallel to the ditch.  This makes sense, as areas higher in elevation drain to the lower areas, allowing both organic material and nutrients to flow to these areas.  Nutrients may increase plant production, which would increase SOM as these plants die and begin to decompose.  Lower areas are likely to be more water-saturated, which more closely replicates wetland conditions than the drier areas [how/why might being water saturated influence SOM].  Indeed, there were some wetland species growing in these low-lying areas of the field when we collected our samples [past tense better for describing what you observed while out there.  If someone reads this paper 10 years from now, who knows what might be out there].

A possible explanation for the low rate of SOM accumulation near the drainage ditch is openness to hydrological flows from the adjacent property.  The ditch carries all the drainage from the property to the west.  Thus, nutrients have already been carried through this low-increase area prior to 1999.  It is possible that while other areas are still in a stage of rapid SOM accumulation, this area has already developed past that state due to the steady flow of nutrients.  This mechanism accounts for the high SOM and low rate of SOM accumulation, but may easily be proved false by an analysis of local biota.  Between 1999 and our sampling, vegetation was added to the ridge region which may explain the high increase in that location. 

RESEARCH OPTIONS

We now return to our initial question of how to design wetlands to best replicate the function of natural wetlands.  Our literature study leads us to conclude that restored wetlands are not functioning like natural wetlands. It is now important to investigate wetland restoration to connect design and management practices to function.  Our research establishes a baseline for further research of the Clark Farm wetlands.  SOM will continue to be monitored after the site is restored into a wetland.  [Not clear where you are going with this intro paragraph.  I though your plan was to investigate different options for research in this location and then propose and critique experimental designs]
The question is how to design the wetlands to maximize research possibilities.  Wetland restoration encompasses a wide range of management, from simply moving dirt and allowing wetland species to establish themselves to planting certain species, fertilizing the area, and actively trying to keep certain species out using physical or chemical means.  Whether a restored wetland can have the same functional attributes as a historical wetland likely depends on the level of management, so it would be beneficial to design the Clark Farm wetland for research on the effectiveness of different management techniques [OK, good].


By dividing the area into several hydrologically separated replicate cells, management techniques can be varied to relate these techniques to function. Potential experiments could vary the level of management ranging from self-design to maximum human management [see note on experimental design at close].  Some possible independent variables include initial seeding and planting, fertilization, whether the organic layer of soil is preserved and put back on top after the soil has been moved, and management of invasive species, both manual and chemical. For example, if we focus on seeding, we can vary whether or not any seeds or plants are planted, and if so, which species are chosen.  

Because many wetlands are restored through mitigation laws, it would be beneficial to learn whether the regulations governing the mitigation of wetlands lead to the creation of wetlands that function as well as the wetlands they are replacing.  It would be possible to study this by restoring the cells with progressively more intensive levels of management, using several of the variables mentioned above together in the same wetland.  For example, the first two cells would be left alone after they were dug, two more would be seeded, two would be seeded and fertilized, and two would be seeded, fertilized, and managed to keep invasive species out.  This would allow us to determine how much management is necessary to restore a wetland that functions like a natural wetland [good ideas].


While this experimental design could have useful results in suggesting improvements in mitigation laws, it may have limited ability to clarify mechanisms because we would be manipulating several different variables.  A restoration design that may lead to more quantitative research could involve control cells with no management [but what does “no management” mean in this context – by constructing the cell you are doing something], cells that were seeded, and cells that were fertilized.  This would allow one to study the effects of seeding versus not seeding and fertilizing versus not fertilizing, leading to clearer cause-effect relationships.  However, this will not take into account the possibility that two management techniques combined may have very different effects than would be expected from observing them in isolation from each other.  


Most wetland restoration projects design and build wetlands then begin research on the success of the wetland [most do only a minimal amount of monitoring and no research at!].  The problem with this approach is that design and construction are not considered as carefully in assessing the success of restoration as they should be.  The actual construction process may in fact be a key variable in attaining a functional wetland [Hmm, not quite sure what you are getting at here – I don’t think you would find much disagreement with this statement]. The Clark Farm gives us the opportunity to relate the function of the wetland to how it was designed and constructed. 
[Seems appropriate to describe the size of the proposed cells, and possible manipulations of water-level, etc.  Hmm, in retrospect what might have been very useful is for you to come up with a matrix of possible independent variables vs. possible dependent variables (categorized by whether they assess structure or function), and then discuss the pros and cons of possible combinations].
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Naomi, Lindsey and Abbie:

Comments on paper:  

Your writing is clear and concise.  Good use of the literature to support your ideas in the introduction.  Generally the first paragraph should provide some indication of the research.  Your research is not very well integrated into the introduction.  Since your study involves assessing changes that have occurred over the last two years you should suggest mechanistic hypotheses for changes you anticipate.
Your methods section leaves out important information.  For instance, you say nothing about GPS or GIS.  It is not at all clear how you derived the map in fig. 3.  You could have either calculated the difference in Excel and plotted it in GIS or you could have used the interpolation in fig 1 and 2 to calculate it.  I believe there would be methodological errors if you calculated the difference between data interpolated from the Sunrise Coop data set and data interpolated from your much higher resolution data set.  The reader has no way of knowing what approach you took.
What light do previous experiments and review papers shed on experimental design options for our site?  Seems like it would have been appropriate to discuss relevant literature in your section on research options.  You suggest varying the “level of management from self-design to maximum human management”.  While this is an excellent idea, there may be methodological problems.  The levels you suggest are implicitly discrete (non-continuous), i.e. there is not a smooth gradient between self-design and full human management.  Assuming that we have 6 cells to work with, we would basically be stuck with just two discrete levels (with 3 replicates per level).  If, however, we choose to vary a continuous variable, such as initial SOM, or P fertilization, we could potentially have up to 6 levels (e.g. no SOM, 2%, 4%, 6%, 8%, 10%, or 3 levels of nutrient addition).






