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Abstract

Although there have been many wetland mitigation and restoration projects, little comparative research has been done to determine which methods of wetland creation are most effective in developing and maintaining diverse plant communities. Constructed wetlands generally do not attain the same level of structure and function as natural wetlands (Schaffer & Ernst, 1999). In August 2003 the Ecological Design Innovation Center (EDIC), located in northeast Ohio, began a long-term study to compare the effects of different planting and plant management strategies on the diversity and function of  constructed wetlands [be specific, there are many aspects of wetland design – this experiment focuses on just one]. EDIC constructed six wetland cells and is treating them with three planting regimes.  Our team set out with two objectives: 1) to determine the impacts of wetland construction on soil properties in these cells, 2) to provide baseline data crucial for interpreting the effects of different planting treatments on soil properties. Analysis of current soil organic matter (SOM) and texture showed that construction did not effect the relative distribution of either variable [not clear exactly what you mean by “relative distribution”.  Perhaps you mean spatial distribution?]. This construction method [which construction method?] can be used in other wetland construction projects, allowing researchers to select sites based on preexisting soil conditions [not clear what you mean in this sentence]. Results from two data sets also showed SOM and texture are not equally distributed between the constructed wetlands. We found strong east-west gradients in SOM, Silt and Clay [good]. Future EDIC researchers need to take this, and other, baseline data into account when interpreting treatment performance.
Background


Wetlands are exceptionally valuable ecosystems, not only to the organisms who live in them, but also to humans through ecosystem services such as flood abatement, water quality improvement, and biodiversity support (Zedler, 2003).  Approximately 86% of wetlands in the continental United States have been drained or altered in the last 200 years (McKenna, 2003). Wetland loss has been particularly severe in the Mid-West.  Ninety percent of the Black River watershed was wetlands and coastal marshes before European settlement, of which less than 10% remain today (Petersen, personal communication).  


Fortunately, there are legislation and inducement programs that require or provide incentive for wetland restoration. These include the “No Net Loss” policy and the Conservation Reserve Enhancement Program (Masi, 2003) [Whenever possible, it is best to avoid citing either unpublished work or “grey” literature that others do not have easy access to].  Wetland restoration is a process that requires more than just the addition of water to low lying areas.  Naturally occurring wetlands have specific soil properties and nutrient cycling patterns that can be hard to achieve in constructed wetlands (Zedler, 2003).   Research is needed to determine the optimal management practices for restoring wetland structure and function. 


Our research is part of a larger study at the EDIC wetlands in Oberlin, OH.  This long-term study is aimed at determining the best method for restoring wetlands by comparing three different seeding and management strategies.  Six hydrologically identical wetland cells were dug in summer 2003.  The construction method is included in Appendix A.  Wetland cells I and IV will not be planted, but will be weeded to keep out invasive species and allow for natural recruitment of native species.  Wetland cells II and V will be planted once or twice with selective weeding, and cells III and VI will be planted several times with selective weeding.  Figure 1 is a diagram showing the wetland cells and treatment regime. To assess wetland function, susceptibility to invasive species and response to nutrient addition will be tested on the fourth and fifth years respectively (Masi, 2003).


Our team measured both soil organic matter (SOM) and soil texture in the soils of the six EDIC wetland cells [when did you do this?  How long after cells were established.].  Texture and SOM are important because they both affect ecosystem function. Texture affects water drainage, nutrient retention, and the ability of the soil to accumulate SOM (Hevia et al, 2003).  SOM affects water-holding capacity, cation exchange capacity, and nutrient storage (Chapin et al, 2000).  Any pre-existing heterogeneity of these two factors among the wetland cells is important because they will cause wetland cells to develop differently, confounding the study results.  Initial differences in SOM and texture between treatment groups would ideally be minimized and must be documented so that we can account for change in the cells over time. The objectives of this study were: 1) to determine the impacts of wetland construction on soil properties in these cells, 2) to provide baseline data crucial for interpreting the effects of different planting treatments on soil properties.
[very nice introduction]
Figure 1
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Methods

Our research site is located on the Jones Farm in the town of Oberlin in northeast Ohio. The cells were dug in the summer of 2003 and each measures 225 feet by 115 feet.  Rebar poles have been installed in a 10 m by 5 m grid to mark 56 points within each wetland.  The grid is labeled A to G going West to east and 1 to 8 going North to South. Figure 1 is a graphical depiction of the wetland cells labeled with their treatment type.

Two sets of samples were collected and analyzed for soil organic matter. The soil cores for both of these data sets were eight inches deep and one inch in diameter [provide the brand of soil corer, the city where manufactured and the model #]. Data set #1 samples were collected in October 2003 by our team from Oberlin College (OC).  Three soil cores, all within six inches of one another, were taken at twelve sampling locations in each wetland cell (points A1, D1, G1, A3, D3, G3, A5, D5, G5, A7, D7, G7). These three cores from each location were homogenized, by hand kneading, into one sample per sampling site in order to minimize the effect of small-scale heterogeneity. Data set #2 samples were collected in November 2003. An Ohio State University (OSU) research team took one soil core from points C, D, and E in rows 2 through 6 of each cell.  The three cores from each row were then combined, by hand, into one sample per row.  This produced a total of five samples per wetland for data set #2. Figure 2 is a graphical depiction of where soil cores were taken for each data set. We baked all homogenized samples at 105( C for 24 hours in preparation for the subsequent texture and incineration processes, according to standard procedures  (Bartels et al, 1996) [leave full reference for literature cited section].

We analyzed four of the Oberlin samples (D1, D3, D5, D7) from each wetland for soil texture using 50 grams of each sample.  We followed the Bouyoucos method for soil texture analysis (Jacobs et al, 1971). Approximately 15 grams of every sample was analyzed for SOM. To ensure these small samples were representative, each sample was further homogenized by pulverizing the oven dried sample with a hammer.  We followed the “loss on ignition” procedure to estimate soil organic matter content (Bartels et al, 1996).  We then ran ANOVA on our results for both SOM and texture to see if there were statistical differences among wetland cells [you need to describe in greater detail how you conducted analysis of variance.  For instance, you need to state that you analyzed for differences among individual cells by treating samples taken within each cell as replicates.  I believe that you also conducted ANOVA in which you averaged all data within individual cells and compared treatment groups.  The reader needs to know precisely what you did in order to interpret results]. Both lab procedures for texture and SOM are described in Appendix B.  
Figure 2:  Sampling Diagram

Green X= SOM data set 1

Black Oval= SOM data set 2

Yellow doughnut with red border = texture [figure legends should be written out in full sentences.  Nice figure.]
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Results:

The three variables used to assess texture were the percentages of sand, silt, and clay.  There was no statistical difference found in the percent sand among [between when there are two, among when more than two] cells, demonstrated by an ANOVA P-value of 0.39. An average of 15.3 % sand for the entire site was found with a range from 12 to 18.6 % averages among the six cells. We found a statistical difference in percent silt between cells. An ANOVA analysis returned a statistically significant P-value of 0.014. An average of 41.8 % silt for the entire site was found with a range from 38.2 to 46.6 % averages among the six cells. Findings were similar for clay, for which a P-value of 0.011 was found. A total average of 42.9 % clay was found with a range from 37.5 to 48.7 % averages among the six cells.

There were general east to west trends in the percent of both silt and clay, but not in percent sand. This is shown in Figure 3. The measured variables with a general trend, silt and clay, can be broken into two statistically distinct groups. The western group contains cells 1-4 and the eastern group contains cells 5 and 6. An ANOVA analysis showed these two groups to be statistically different in terms of both silt and clay. The average silt percentage of the western group and the eastern group are 39.4 and 46.6, respectively, with a statistically significant P-value of 0.0001. The average clay percentage of the western group and the eastern group are 45.2 and 38.2, respectively, and the P-value was 0.003.  The eastern group has a higher silt content and the western group has a higher clay content.

Within both the western and the eastern group, no statistically significant difference in individual cells was found for any of the texture variables. In the western group P-values ranged from 0.26 to 0.79 to 0.16, for sand, silt and clay respectively. In the eastern group they ranged from 0.62 to 1.0 to .57, for sand, silt and clay respectively. This validates the creation of two different groups made of statistically similar replicates [seems reasonable]. 


Although there are differences between individual cells and some groups of cells, there is no statistical difference when the data from each treatment pair is averaged together [I don’t understand what you are comparing here – are you talking about averaging data from within cells and then comparing among treatment groups?  Not clear.  This should be described in the methods section]. A series of ANOVA’s gave insignificant P-values of 0.37 for sand, 0.50 for silt, and 0.29 for clay among the treatment replicates.  However when we tested for variability within the treatment pairs we found some significant variation.  There is no significant difference in sand percentages.  P values ranged from 0.094 to 0.578 to 0.581 for groups 1 and 4, 2 and 5, and 3 and 6 respectively [the precise number of the P-value is not important.  It is preferable to say P <0.1, then to say P = 0.094, or P>0.1 if P=0.578].  For silt percentages, 1 and 4 are not significantly different but there is significant variation between 2 and 5 and 3 and 6.  P values were 0.6361, 0.01778, and 0.01052 respectively.  For clay percentages we found some unexpected variation.  Group 1 and 4 showed significant variation with a P value of 0.04619, as well as 2 and 5 with a P value of 0.04042.  However, groups 3 and 6 did not significantly differ, with a P value of 0.12249.  Given the west 4 and east 2 grouping determined by previous analyses, it is surprising that 1 and 4 differ for clay, but 3 and 6 do not.
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Figure 3. Results of soil texture analysis. The bars are average percentages of the three measured texture variables. East/ west gradients can be seen in both silt (a) and clay (b).
Percentage soil organic matter was determined for each wetland cell using two different sets of samples, #1 collected by OC and #2 collected by OSU. Differences in data set 1 and 2 are depicted in Figure 4. Variance in SOM averages for different wetland cells between data sets was minimal [that is encouraging]. The largest percent differences were found in wetland 1 (0.6%), wetland 3 (0.47%), and wetland 6 (0.36%).  The other three were extremely close with percent differences ranging from 0.12 to 0.06. An ANOVA analysis showed no statistical differences between data sets for each wetland. All P-values ranged from 0.31 to 0.91 with an average value of 0.62. 

Both data sets show a general trend of higher SOM in the west. The wetlands were then grouped in the same two groups, 4 western cells and 2 eastern cells, and analyzed for statistical difference. Both data sets showed that there was statistical difference between the two groups, and no difference within either group.

The two data sets are consistent until examined for differences between replicate wetlands of the same treatment type. Between cells 1 and 4 (no planting treatment) there is no statistical difference in either set of data. For both the low intensity planting treatment and the high intensity planting treatment there was a statistical difference found in data set #1 but not for in data #2. Both sets of data show no statistical difference between the three treatment type pairs.
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Figure  4.  a: comparison of the two SOM data sets. b: Numerical representation of average SOM content in the two data sets, differences in percents between data sets, and P-values showing lack  of significant difference in SOM content of cells between data sets. [Pretty darn cool graphs]
Discussion

Texture and SOM are two important soil properties that affect ecosystem functioning and many other soil variables. Texture is primarily important because it determines the surface area in a unit of soil (Chapin et. al., 2000). Differences in surface area affect many other soil properties including water-holding capacity. Water adheres to soil particles in thin films, therefore increase in surface area due to a higher number of particles in a given unit of soil, will increase in water holding capacity.  Thus, soils with a higher percentage of clay have a higher water holding capacity. Water holding capacity effects biological activity and therefore deposition rates of organic residues in the soil. This mechanism is responsible for the accumulation of SOM. It has been shown that in more clay-rich soils SOM accumulates faster than in clay-poor soils (Hevia, et. al. 2003). SOM directly influences rates of weathering and soil development, water holding capacity, soil structure, and nutrient retention. SOM also increases CEC because organic molecules have negative sites that attract base cations.  Naturally occurring wetland ecosystems typically have more SOM because the water creates an anoxic environment that slows decomposition.  Accumulation of SOM is therefore essential to restoring wetland function.  [The information in the preceding paragraph belongs in the introduction (some of it is already there).  The discussion section should interpret your data]
Our analyses revealed no statistical difference between the three treatment pairs with respect to either SOM or texture [?]. This indicates that if soil properties between treatment pairs change over time with respect to SOM and texture, it will be a result of the treatment, not initial variability [see note at end on statistics]. Yet, our results found significant variation within [among?] replicates, and different pairs vary in different properties.  Data Set 2 did not reveal the same statistical differences within treatment pairs for SOM as Data Set 1, however Data Set 1 was ran with more samples (12 instead of 5), so data set 1 had more power to detect differences than Data Set 2.  For SOM and percentage of silt, pairs 2&5 and 3&6 are statistically different, but 1&4 are not.  However for clay percentage, 1&4 and 2&5 are statistically different but 3&6 are not.  This variation must be considered when comparing results from the different planting treatments.  Cells receiving the same planting treatment were placed further apart from each other in order to account for heterogeneity in soil properties on the study site.  Unfortunately this has lead to non-uniformity in variation among the cells [within treatments?  This discussion of statistics is confusing], which will decrease the integrity [what do you mean by integrity?] of the replication.  For example, if wetland cells 1 and 4, which are not being planted, are more successful than the other treatments at capturing nutrients, it may be because they initially had more SOM, and not because the no planting approach is the most effective restoration strategy for encouraging accumulation of SOM [yes, good].  

We observed that the construction has not dramatically changed the relative soil texture distribution on the EDIC wetland site. Figure 5 is taken from the Lorain County Soil Survey conducted in 1970.  The exact location of individual cells is difficult to place on the map but the approximate location of the site is marked with a yellow box.  The important thing to note is that the study site crosses the boundary between two soil types.  Soil type MkA, Mahoning soil, is found on the eastern side of the site and is classified as a silt loam.  Soil type TrA or Trumball soil, is found on the western side of the site and is classified as a silt clay loam.  These classifications indicate a higher % of clay in the western cells then in the eastern cells, a trend that is also reflected in our post construction data.  The statistically significant difference between the west and east groupings of cells suggests that the split between soil types shown on the Soil Survey passes between wetland cells 4 and 5.  If this is the case than construction has not altered the general distribution of soil texture in the wetland cells.

Figure  5

(Lorain County Soil Survey, 1970) [All figures need a complete legend in full sentences so that the figures stand on their own]
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The spatial distribution of soil organic matter was also unchanged by the construction of the wetland cells.  SOM data collected in 2001 is depicted in Figure 6 [cite the source of these data within your text].  Darker shading indicates a higher percentage of SOM. This image clearly shows a gradient of decreasing SOM from west to east as the shading gets lighter. Though it is difficult to exactly locate the study site on this map, the general pattern of higher SOM in the west and lower SOM in the east is still present in our data. Construction may have changed the exact % SOM within the cells but the trend from west to east was not affected.  [I thought that you were going to do at least a rough assessment of change over time based on the Sabel et al. data.

These results indicate that it is possible for the general arrangement and patterns of soil to remain the same with a careful construction method.  It is then also possible that soil properties could have been measured pre-construction, and that data used to determine where to dig the wetland cells.  This method could have possibility prevented the uneven distribution of variability that future researchers are now faced with [This is an excellent observation and suggestion for future studies – not clear in the abstract, but clear here]. 

Figure 6

(Sabel et al, 2001) [This needs a full text legend!!!  A reader looking at this will not have a clue what it represents.]
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Conclusion


Our study showed that there was no difference in relative SOM and soil texture after construction [this is a hard sentence to interpret.  I think you mean that the general spatial pattern of SOM in the soil did not change as a result of construction, but this is not clear].   There are not statistical differences among treatment types for any measured variables, but there are differences [?] within treatment replicates for SOM, Silt and Clay [very confusing statement, difficult for a reader to interpret without a better explanation of how you did your statistical analyses to compare cells].  Such differences are important because of the effects they may have on ecosystem function.  EDIC wetland researchers will need to take this baseline data into account when assessing the effect of treatments on the cells. SOM and texture can affect many other soil properties so additional baseline data should be gathered, soon [additional baseline data on what properties?  Explain why you feel it is important that these data are collected].
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Appendix A

Excerpt from The Jones Farm Newsletter, Fall 2003

(Masi, Personal Communication)

HOW DO YOU MAKE NEW WETLANDS?

A Step by Step of the Process

May through August of 2003

STEP ONE-REMOVE TOPSOIL: Topsoil is scraped with bulldozers from the entire

area where the drainage basins will be established. The topsoil is pushed into large piles around the basin area.

STEP TWO-COLLAPSE DRAINAGE: Next, old drainage tiles, located any where

from 3-5 feet below ground, are collapsed. This stops the flow of water out of the drainage basin and allows them to fill back in.

STEP THREE-ESTABLISH DRAINAGE BASIN: Bulldozers and scrapers begin to dig deeper basins into the ground. Since most of the ground is fairly level, the excavating equipment is used to create a gentle grade toward a deeper basin in which water will  collect. The basins are deep enough to retain water throughout the year during a normal year.

STEP FOUR-ESTABLISH DIKES: Dikes are constructed around each wetland basin

in order to retain water and prevent seepage. Because of the heavy clay soils in northern Ohio, it is not necessary to line the basins.

STEP FIVE-FINISH GRADE: Once the basins are established, a survey transit

is used to determine a consistent grade for the area. 

STEP SIX-SPREAD TOPSOIL: Topsoil is spread out over all excavated areas, including the wetland basins as well as the top of the dikes. The topsoil contains many of the seeds for aquatic vegetation that will germinate once the basins begin to fill with water. 

STEP  SEVEN-CLOSE WATER CONTROL VALVES: Each wetland has its own water control box. This box goes down into the dikes about five feet and contains

a series of 6 to 12 inch plates that can be removed to modify water levels within the wetland cells. The plates have been set in order to maintain a consistent water level for all six of the wetland basins.

STEP EIGHT-SEED IMPACTED AREAS: All areas that were impacted by construction equipment, including dikes and roadways are worked with a tractor and then seeded with a mix of oats, clover, and grass. This will provide a permanent cover while breaking the compaction caused by heavy equipment. The wetland basins themselves are seeded with an annual rye grass. This holds the soil in place until seedings of wetland plants take place.

STEP NINE-INTRODUCE NATIVE PRAIRIE: Finally, all areas not set aside as wetlands are tilled and seeded with a prairie mix containing native grasses and wildflowers

Appendix B

(Bartlets et al, 1996)

Soil organic matter

1.  Weigh a crucible full of oven-dried soil sample (baked at 105( C for 36 hours).

2.  Incinerate in a muffle furnace at 400( C for 2 hours to burn off organic matter.

3.  Cool to room temperature in a desiccator.

4.  Reweigh sample.  The difference in weight is an estimate of the percentage of soil organic matter that was in the sample.

Texture

1.  Mix oven dried soil with deionized water and 10% sodium hexametaphosphate (increases the net negative charge of the clay particles so they stay suspended in solution).

2.  Mix with a Hamilton-Beach mixer.

3.  Transfer mixture to a Bouyoucos cylinder and plunge to resuspend sediments.

4.  Take hydrometer and temperature readings after 40 seconds and 2 hours to calculate percentages of sand, silt, and clay in the soil.  

COMMENTS

1. Title

√Summarizes what you did (and what you found if possible)

2. Abstract

√Summarizes what you did, how you did it, what you found, why important
[Ambiguity exists in what is meant by “relative distribution”] 
3.  Introduction/Background (revise from proposal)

√Context: review relevant findings from literature 
[A bit more reference to primary literature on soil properties of restored wetlands would have been appropriate]
√Problem statement establishes gap in knowledge, need for research, how your research fills gap

*Mechanistic hypothesis describes what you expected to observe and why
[Given the particular problem, your approach is fine]
4. Methods (revised from proposal)

*Describes what you did in sufficient detail that someone could reproduce
[Good job on describing sampling, description of how you did statistics is not sufficient for someone to be able to fully interpret your results.  (I don’t count this against you because I did not emphasize stats)]
√What, where, when, and how did you make your measurements? 
[Some basic info on when needs to be added]
xBrief description of samples and equipment

√Diagrams, maps of sampling, tables, timelines may be useful 
[Excellent, very clear and useful map of sampling]
√Reference literature where appropriate (who’s procedure did you use?)

5. Results:
√Include text, tables, graphs & figs that describe but do not interpret results

xExplain calculations

√Indicate statistical significance
[As I say in comments within the text, expression of P-values could be simplified]
6. Analysis & Discussion:
xInterpret meaning of findings in light of other studies

√Address limitations of findings and suggests further study

7.  Literature cited:
xUse format of the journals Ecology or American Naturalist

√Do not use footnotes

8.  General comments:
Cat, Becca, Sam:
As I point out within your text, I can’t make complete sense out of some of your interpretations of significance, but I give you credit for wading into statistics in your analysis.  The implications of the lack of difference among treatments that you discuss is complicated – the fact that they do not differ even though individual cells DO differ is a function of week statistical power associated with using duplicates instead of a higher degree of internal replication.  This is a study flaw that stems from the compromise between number of treatments and number of replicates per treatment (e.g. we would have had greater statistical power if we had used just two treatments with three replicates per treatment, but the study would have been less interesting).  Unfortunately, this statistical weaknesses will be further exacerbated by the high degree of initial variability among duplicate cells within each treatment that you have documented in your study.  We will need large and fairly consistent differences among treatments in order to detect statistical significance.

I have provided many specific comments within the body of your text.  The conclusion is relatively week, but the introduction section is quite strong.

Content and organization of your oral presentation was strong, but could have used a bit more rehearsal (some tongue-tied moments).  

You have made an important and valuable contribution to the EDIC wetland study.  Nice work!
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