Measured Effects of Non-Point Source Runoff on Water Quality and community metabolism in Constructed Wetlands Receiving Different Volume and Quality of Water Inflow




         Phoebe Beierle and TyAnn Lee

Abstract


Wetlands serve as a cost effective water treatment system for landscape runoff; serving to improve water quality and reduce eutrophication (Haberl, 2003).  They support a diversity of plants and animals that help to metabolize nutrients and organic materials into simple forms [what are simple forms?], that are easily utilized by other organisms [unclear what you mean here].  We predict that the Kendal wetlands [you need to introduce these wetlands – what are they, how do they receive water, what type of land-uses affect water quality?]  in Oberlin function as a treatment system that process and potentially remove nutrients from inflowing waters delivered from the surrounding site. This study compared nutrient concentrations and metabolism in a relatively open and a relatively closed wetland after a significant storm event. The open system receives relatively high flows of drainage from the surrounding landscape, whereas the closed system receives lower flows.  By tracing changes in dissolved oxygen in the water column over a 24 hour period, we found that planktonic and benthic community metabolism in the open wetland to be higher. Results indicated that the process of nitrification takes longer than 72 hours to cycle through the open wetland [not clear what this means].  Seasonal variability in temperature and light intensity have a strong effect on aquatic primary productivity. A greater understanding of the difference between the metabolic activity in the open and closed wetlands can aid wetland managers in constructing more effective wetlands as treatment systems. 
[see comments, but generally nice abstract
Introduction/Background


Due to the effects of industrialization and increased urban expansion, vast areas of wetlands have been drained or otherwise altered in portions of the United States that were  historically wetland habitat [in this region of Ohio, initial wetland drainage was largely associated with agriculture].  Ohio is one of 20 states that have lost more than 80% of their original wetlands (Turner et al, 2003).  Recently, the ecological services of wetlands are being recognized which have led to the increased number of wetlands being restored or mitigated through the no-net-loss program.  Under the United States Mitigation Action Plan, all appropriate and practicable steps [vague, what does this mean?] are being taken to try to avoid impacts on wetlands before compensatory mitigation is determined in order to offset remaining impacts (EPA, 2002).  Although there has been legislation requiring the construction of thousands of wetlands, it is still in question whether constructed wetlands are as effective as ‘natural’ wetlands in terms of ecological services (McKenna Jr., 2003).  


Wetlands play a critical role in the proper functioning of natural ecosystems.  Part of that role is to treat organic and inorganic compounds in the water. Nitrogen and phosphorous containing compounds are of principle concern in water quality because of their role in eutrophication. This is the accelerated aquatic aging process in which water becomes artificially enriched with nutrients, leading to increased domination by aquatic weeds, transformation into marshland, and eventually to dry land (Jin et al, 2002). By treating wastewater and non-point-source pollution wetlands reduce the effects of nutrient loading on downstream water systems.   Studies have shown that constructed wetlands, designed using the same processes that occur in natural wetlands to improve water quality (Haberl et al, 2003) effectively reduce N and P compound concentrations in the water (Jin et al, 2002). The aerated water column and aerobic upper layer of sediment encourages nitrification, while the reducing conditions in the deeper sediments promote ammonification and denitrification (Jin et al, 2002). The governmental requirements for wetland mitigation and restoration may play a key role in re-establishing ecological function to vast areas of the United States where wetlands have been drained for the past two centuries. [By the 2nd paragraph you should be clearly establishing the gap in knowledge that your study is intended to address.  Although all of the information that you are presenting here is relevant to constructed wetlands in general, you should include only the subset information that leads directly into establishing the importance of your particular study].
The efficiency of wetlands in treating organic and inorganic compounds is largely determined by hydraulic inputs.  General theories on the hydraulic effects on primary productivity of wetlands suggest that flowing water wetlands have higher primary productivity than still water wetlands [where are these general theories published?  citation?].  This tendency may be due to the higher input of nutrients and to the increased export [? Wouldn’t high export from wetlands indicate inefficiency and not efficiency?] of waste products with higher water through-flow (Cronk, et al 1994).  However, few studies have linked hydrologic conditions to productivity in constructed freshwater wetlands [good, this is the heart of your gap-in-knowledge; all of the information that you present before should lead directly to this statement – information that does not should be cut].  A greater understanding of the nutrient cycling and removal mechanisms in wetlands will guide wetland restoration businesses and policy makers in making decisions about wetland location and design.

  Our study investigated the effects of hydrologic inputs on the functioning of two constructed wetlands at Kendal retirement community in Oberlin, OH.  The Kendal Mitigation Action Plan[citation?]  required the facility to construct four wetlands on the property about ten years ago to offset construction disturbance. We chose to look at two constructed wetlands at Kendal, one through-flow wetland and one still water wetland.  Unlike the other 2 constructed wetlands at Kendal, wetland #4, the flowing water wetland, receives runoff from the Kendal facility and its surrounding landscape via a large swale which is connected to the wetland through an inflow pipe.  Wetland #3 is a comparatively closed system and does not receive run-off from the Kendal site due to its location and lack of nutrient inputs.   [Good descriptions]
Preliminary analysis indicates that input to wetland #4 after a storm has a higher NH4-N concentration than the wetland outflow.  This decrease in concentration within the wetland shows that nitrification is converting ammonium into nitrate which is then cycled throughout the system, either taken up by plants or denitrified [excellent]. We anticipated that the levels of available NH4-N in both the systems would decrease as they are cycled throughout the wetlands, while NO3-N concentrations would increase due to nitrification. However, we expected a greater degree of nutrient removal in wetland #4 compared to wetland #3 because of its connection with the inflow swale and subsequent greater nutrient input [when you write nitrogen removal, I believe that you are speaking of total N removed as opposed to % N removal – you need to explain what you mean].  

We also expected that nutrient cycling and productivity within these wetlands would be dependent on temperature, solar radiation as well as input concentrations.  Solar radiation and temperature vary on a seasonal basis therefore indicating that wetlands also function on these cyclic periods. In addition, there are cyclic changes in fertilization treatments at Kendal as well as rain patterns which cause seasonal changes in nutrient uptake and release (Kadlec, 1999). 

In order to understand the mechanisms of nutrient removal in the Kendal wetlands, we measured levels of ammonium and nitrate at three locations in the still water and flowing water wetlands [be consistent in how you describe the wetlands – sometimes you refer to them as open vs. closed, sometimes still vs. flowing and sometimes by number].  In the through-flow wetland we took water samples from the inflow, middle and outflow locations.  We also measured dissolved oxygen in both systems in early and late November to get a better understanding of how temperature and light intensity may affect net primary productivity at different times  in the season. 
Materials/Methods:    
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The Kendal at Oberlin development was built on a site which was previously used for agriculture however, parts of the southern and eastern portions of the parcel exhibited wetlands that had not been disturbed for decades.  In 1992, four new mitigation wetlands were constructed on active agricultural lands or on old fields adjacent to these existing wetlands. Mitigation Wetland #3 was created in an old field surrounded by a deciduous woodlot. It was designed to be a woodland pool with a narrow strip of emergent shallows on all sides. This pool receives overflow from an adjacent buttonbush swamp to the north.  Mitigation Wetland #4 was established in the southernmost portion of the Kendal parcel in a recently abandoned agricultural field dominated by Timothy, orchard grass, and white daisy (White, 1995).  Wetland #4 is an open system because it receives storm water runoff from the Kendal facility via a swale and drains into local waterways to the south. 

In this study we took continuous Dissolved Oxygen (DO) measurements in both wetland #3 and wetland #4 at two different 24-hr intervals in the fall season. We used a HOBO logger/conversion equipment that enabled us to take measurements every minute for water temperature and concentration of DO in the water column for 24 continuous hours [describe the equipment a bit more – what brand of oxygen probe, mention that mixers were included, etc.].  We took baseline DO and temperature data on November 3rd and 4th in order to better understand the dynamics of the wetlands during dry periods [what does “baseline” mean in the context of this study?]. We deployed the DO probes in the wetlands again on November 20th and took data for 24 hours a week before a storm.    [The map of wetland #4.  It would have also been useful to include a map of the entire site, with all the wetlands, and ideally to include a delineation of watersheds (drainage areas) for each pond]
We also took wetland water samples before, during and 72 hours after a storm event.  Due to time and material constraints, we only took one sample at each location in the wetlands. In order to be consistent with DO location readings, our water samples from the “middle” of the wetland #3 and #4 were more accurately, approximately 8 feet from the edge of the wetlands.  On November 17, approximately a week before a rainstorm, we took samples from Wetland #4 and Wetland #3 in order to have baseline information about nitrogen concentrations.  In wetland #4 we took samples from the input swale, the middle of the wetland and the outflow drain.  Samples from Wetland #3 were taken at the northeastern corner (near the ditch connecting this wetland to the buttonbush swamp), the middle and the southwestern corner of the wetland.  We repeated this process on November 24th, during the rainstorm and again on November 26th, approximately 72 hours later.  We followed the water collecting, processing and storing procedures described in Petersen’s “Aquatic Methods Lab” for this portion of the study [cite this hear and include a reference in the literature section].  

In analyzing the Dissolved Oxygen data, we downloaded the data from the hobo loggers onto a computer and used Boxcar to organize and convert the data.  Using an Oxygen saturation constant for the specific water temperature of our sample wetlands, in Microsoft excel we converted our DO data from mV to mg/L. We used this information in combination with climate data taken daily from the Adam Joseph Lewis Center at Oberlin College to better understand the oxygen processes in the wetlands [Need more description of what you did.  Describe how you measured community metabolism.].  

We analyzed the water samples from before, during and after the storm event for NO4-N concentrations using an Ion Selective Electrode (ISE) [what brand?].  This ISE reads the voltage at the interface between the probe and the water measuring the ion concentration of the specific water sample (Petersen, 2003) [say something about how this data is converted to concentrations – i.e. the fact that you used standards.  Citing a reference would be good].

We ran two sets of samples using the Ion Chromatograph to measure the concentration of NO3-N in the water.  This instrument is set up with a column to assess common anions present in natural bodies of water [cite a reference for the technique, include the brand (DIONEX)].  Since the concentrations of NO3 ions in the Kendal wetlands are too low to detect, we expressed our data in units of mg/L of N in NO3 [This does not really make sense – if concentrations are too low to detect, what difference does it make what units you express it in?  The reason you would want to express N in units of NO3-N is so that it is directly comparable with NH4-N].
[How are you measuring primary productivity?  Are you also measuring respiration?  You have not describe your method.]
Results:

Our study was designed to test the difference between a through-flow constructed wetland and a still-water wetland on the cycling of nitrogen.  We also designed the study to include a look at the effect of temperature and light intensity on primary productivity.  [These sentences belong in the introduction, not results]
Nitrogen cycling:  Water samples were analyzed in both Wetland #3 and Wetland #4 for NH-4-N and NO3-N concentrations (mg/L) before rain, on November 17th, during rain, on November 24th, and 72 hours after rain, on November 26th.  
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 In Kendal #4, the through-flow wetland, NH-4 concentrations before, during and after the storm event were highest in the middle compared to the inflow and outflow locations (Fig. 2) [describe the trends in the data, not the graphs]. NH-4 concentration increased in the inflow and middle of the wetland over time (Fig. 2).  In the outflow, NH-4 concentrations increased during the storm event, however they did not change on November 24th and when we sampled two days later.

   The initial average concentration of NH4-N on November 17 (0.43 mg/L) is the highest of all the samples taken and is most likely an anomaly due to sampling or analysis error. Because we did not perform multiple replications for ammonium, we have little evidence for speculation on this data point.  In wetland #3 we saw the opposite trend as in the through-flow wetland, where the average NH4-N concentrations decreased from (0.11 mg/L) during the storm to (0.09mg/L) 72 hours afterwards. 

In normal cycling of nitrogen, through the process of nitrification or mineralization, ammonium is converted into nitrite (NO2) and then nitrate (NO3) [this is discussion, not result]. The relationship of ammonium and nitrate throughout the open wetland is illustrated in Figures 4-6, as well as in bar graph form, in Figure 3, for each day of sampling [Describe trends in the data, don’t directly describe the graphs within your text].  On both November 17th and 24th, the concentration of NO3-N at the outflow location was too low for detection.  However, on both of these days the data show that as NO3-N decreases between the inflow and middle of the wetland, the concentration of ammonium increases. On November 17th, the concentration of NO3-N was higher in the inflow and middle (0.45 mg/L and 0.42 mg/L) respectively, then on November 24th (0.3 mg/L and 0.27 mg/L).   On November 26th, 72 hours after the storm, the same pattern is apparent between the inflow and middle locations. Overall, NH4-N concentrations are slightly higher 72 hours after the storm and NO3 concentrations at the inflow and middle are lower than previous days, but detectable at the outflow.
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[Since the sampling points are not really part of a spatial continuum, iut seems a bit strange to connect these points in an x-y scatter.  – bar graphs are probably more appropriate]
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Dissolved oxygen changes: 

Our measurements for dissolved oxygen and photosynthetically active radiation (PAR) indicate clear differences among wetlands and throughout the month of November.  Dissolved oxygen levels of 17.0 mg O2/L were observed on November 4th in Wetland #4 and 0.01 mg O2 mg/L in Wetland #3 [0.01 seems implausibly small].  On November 21st, the dissolved oxygen concentration in wetland #4 peaked at 11.08 mg O2/L and in wetland #3 at 7.13 mg O2/L.  Overall, the dissolved oxygen levels were higher in the flowing water wetland on both days than in the still water wetland.  This suggests that there is more photosynthetic activity occurring in wetland #4 compared to wetland#3 [not necessarily,  photosynthesis is the change in oxygen over time.  You need to express oxygen as change to assess community metabolism].  

The higher dissolved oxygen concentrations in wetland #4 could be attributed to the greater amount of photosynthetically active radiation during the earlier fall season. Figure 7 and 8 show a strong relationship between solar radiation and dissolved oxygen concentrations.  The trends in these figures show that PAR and dissolved oxygen increase together during the daylight hours and decrease during the night [I thought that you were going to graph change in oxygen against light intensity.  What did you find?].  On November 4th dissolved oxygen concentrations were the highest in wetland #4 at 5:00 pm (17.47 mg O2/L) when PAR was still at 541.51 micro eins/m2/s.  In wetland #3 on November 20th the dissolved oxygen reading was 7.13 mg O2/L at 6:00 pm while PAR was at a rate of 0.21 micro eins/m2/s.  While the PAR was much lower on November 20th the fact that the highest dissolved oxygen concentration was at this time suggests that there is a time lag in PAR and photosynthetic activity [this is discussion and not results.  In the results section you refrain from analyzing the data].
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Figure 7 shows that photosynthetically active radiation reached a level of 923.0 micro eins/m2/s on November 4th.  The temperature on this date was 17 degrees Celsius. Later in the season on November 20th and 21st, photosynthetically active radiation only reached a level of 821.56 micro eins/m2/s in Figure 8, and the temperature was only 12 degrees Celsius.  These changes in temperature and solar radiation most likely explain the difference in overall dissolved oxygen levels in both wetlands throughout the month of November.  

Productivity estimates:
Changes in net primary productivity occurred throughout [not clear what “throughout” means here.  Do you mean between sampling dates or do you mean that productivity changed over the course of the day during sampling periods.]our sampling dates but in different ways for each wetland.  Figure 9 shows the values for net primary productivity at 12:00 pm for both wetlands on November 4th and 21st   Wetland #4 demonstrated a decrease in net primary productivity over the sampling period, while net primary productivity in wetland #3 increased over this time.  Wetland #4 showed a 41% decrease in net primary productivity from November 4th to November 21st.  Wetland #3, on the other hand, increased its net primary productivity by 21% over this time period.  However, the initial values in wetland #4 were much higher than that of wetland #3.  Wetland #4 had a net primary productivity value of 0.96 mg/L/hr on November 4th dropping to 0.40 mg/L/hr on the 21st.  On November 4th the net primary productivity in Wetland #3 was 0 mg/L/hr and increased to 0.21 mg/L/hr on the 21st.  The fact that wetland #3 had an initial net primary productivity value of 0 mg/L/hr suggests that respiration is occurring at a faster rate than photosynthesis.  

Overall, there is less dissolved oxygen in wetland #3 compared to wetland #4.  This could be attributed to the different light conditions in the environments of these two wetlands [this is analysis and therefore belongs in the discussion section].  Wetland #3 is surrounded by a deciduous forest which shades the water and has a negative effect on primary productivity.  Wetland #4 is situated in a comparatively open environment with less tree cover and more direct sunlight, hence leading to a greater rate of photosynthetic activity.

Discussion

Dissolved oxygen levels and productivity: 

Changes in dissolved oxygen levels we measured were an indicator of primary productivity in our through-flow and still water wetlands.  Our results indicate that wetland #4 had higher dissolved oxygen concentrations on both sampling days and suggests that it is a more productive wetland with greater amounts of photosynthetic activity.  Wetland #3 had lower overall dissolved oxygen levels which leads us to think that this system is less productive than the through-flow wetland.  [DO and productivity are not the same thing.  Productivity = change in DO during light period]
However, it is difficult to state with confidence that the higher dissolved oxygen levels associated with wetland #4 are a direct result of its greater hydrologic input.  Generally, a greater input of water would lead to a larger amount of nitrogen entering the system increasing dissolved oxygen concentrations in water due to plant activity.  However, we were not able to make any conclusion about this relationship because 

                             our study was limited by time, allowing us to only catch a glimpse of how the systems were behaving [good point].  We have measurements for two dates over the course of the fall season but this is unsubstantial [?] data for a true analysis of the Kendal wetlands.  In addition, our study could have benefited from a dissolved oxygen reading during and after our storm event.  This information could have told us more about how productivity within the through-flow and still-water wetlands was acting in response to the increased hydrologic input.

We also observed a seasonal variation in productivity among both wetlands.  The dissolved oxygen concentrations in wetland #4 decreased over the course of our study.  We attribute this finding to the decreased amount of productivity that occurs later in the fall season.  As temperatures decrease and the weather becomes colder there is less photosynthesis occurring in the wetlands, therefore, leading to decreased amounts of oxygen being released into the water.  Wetland #3 showed results that differed from this trend, in that the dissolved oxygen levels increased over our sampling period.  The still-water wetland had an initial dissolved oxygen concentration of zero on November 4th which led us to speculate that there is greater amount of respiration occurring in wetland #3 due to an active microbial and animal community [You can calculate respiration directly from your data by assessing the change in dissolved oxygen at night.  Did respiration differ among the wetlands?].  However, we did not have the means to further investigate this theory.  

Nitrogen Cycling:

As indicated in Figure 2, NH4-N concentrations were highest in the middle of wetland #4 and lowest in the inflow before, during and after a storm.  This finding does not support our original prediction that the concentration of NH4-N at inflow of the open wetland would be highest due to the input of nutrient rich runoff from the Kendal site.  There are several explanations that may account for these findings. Seasonal conditions in terms of rainfall as well as landscape management practices could have had an effect on our findings [good thinking].  In addition, our sampling procedure at the middle location in Wetland #4 could have influenced our results.  Furthermore, grounds management at Kendal applies several different types of slow release fertilizer onto the turf landscape three times a year; in April, May and mid September [this is very useful information, who did you speak with – your source needs to be cited]. Due to the timing of our study, it is unlikely that the application of fertilizer in September would be having any significant effect on nitrogen concentrations of runoff in late November [why do you conclude this?  It seems like slow release fertilizer applied in September might well be evident in November]. This in combination with our dependence on the autumn season rain cycles and a low intensity storm, may have impacted the wetland water budget and hence the cycling and removal of input nutrients. Another reason that the concentrations of ammonium may be higher at the middle of Wetland # 4 may be due to the fact that our samples were taken eight feet from the shore in relatively shallow water, less than two feet deep.  Because this sample location is a shallower region with a large amount of leaf litter and organic matter accumulation, it is likely that there is more ammonification occurring, producing a greater amount of NH-4 within the soils [yes, this is a good point, but is only a reasonable explanation if the water is poorly mixed].  


Although the inflow location of Wetland #4 did not have the highest ammonium levels, possibly due to factors described above, the concentration of NH4-N increased between samples taken before rain and during rain.  The results, as described in Figure 2 also show that ammonium concentrations continued to increase between November 24th and November 26th at the inflow and middle of Wetland # 4. Between November 24th and November 26th, NH4-N concentrations increased from inflow (0.08 mg/L) to outflow (0.12 mg/L).  This indicates that in the case of a low intensity storm event, ammonium did not cycle through the system within 72 hours.  Our results in Figure 2 indicate that there is a decrease of NH4-N in wetland #3 between rainfall and 72 hours after the storm.  This wetland system may be supporting an environment with a greater number of nitrifying bacteria than Wetland #4 [speculate on why you think this would be the case], leading to a reduction of NH4-N concentration after a rain. 


Also in conflict with our hypothesis is the fact that NO3-N did not increase in concentration throughout Wetland # 4 after the storm had passed.  In actuality, it decreased between the inflow before rain and the middle during rain.  However, the concentration of NO3-N at the outflow 72 hours after rain increased to detectable levels (0.27 mg/L) from before or during the rain when NO3-N concentration was minimal.     Although this pattern of NH4-N and NO3-N is not what we predicted, the relationship between the concentrations of the two forms of nitrogen follow the pattern expected: as NH4-N decreases, NO3-N will increase in the system. 

Conclusion:


The results of our study represent a small part of the research that needs to be done to fully understand how constructed flowing-water wetlands compare to still-water wetlands in terms of nutrient removal of landscape runoff.  Our findings were limited by our small number of samples making it difficult to draw any hard conclusions about how the flowing-water wetland functions as a treatment system [good].  In addition, our sampling techniques may have constrained our results.  Specifically, our sample location at the edge of the wetlands may have had an impact on our data [good].  The increased organic matter and leaf litter associated with the shallow edge of the wetlands may have led to dissolved oxygen and nitrogen concentrations that were higher than was actually representative of the true middle of the wetland. Our study could also have been strengthened not only by multiple samples from each wetland, but also dissolved oxygen measurements during and after the rain event.  However, our study shows that it is possible for flowing-water constructed wetlands to serve as treatment systems of excess nutrients, although, we saw that the period for removal after a storm extends beyond 72 hours during the fall season. We suggest a longer term study that looks at how the flowing and still-water wetlands treat on-site runoff throughout the seasons. Most importantly, it would be of interest to measure nutrient cycling and dissolved oxygen after a storm event that followed application of fertilizers to the Kendal landscape.  Though our results do not reflect the extent to which the Kendal wetlands are functioning as a part of the larger landscape, we hope that this initial study will prompt others to investigate the impact of landscape management and site development on wetland treatment capabilities. [Very good concluding paragraph]
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COMMENTS

1. Title

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

[you could probably have included findings in the title]

2. Abstract

*Summarizes what you did, how you did it, what you found, why important

[Need to provide more context on particular site]

3.  Introduction/Background (revise from proposal)

*Context: review relevant findings from literature 

[Have other researchers compared wetlands that differ in degree of material throughflow?  What have they found?  Since your study focuses on system metabolism, your introduction should explain why this is an important means of assessing ecosystem function.  Have other researchers used this method to assess wetland function?  What have they found?  You also need to explain the context of the Kendal wetlands in a bit greater detail. How large are the watersheds that drain into these ponds?]

*Problem statement establishes gap in knowledge, need for research, how your research fills gap

[Problem statement is good, but again, you need to explain why system metabolism is an important measure]

√Mechanistic hypothesis describes what you expected to observe and why

[Generally nice intro]

4. Methods (revised from proposal)

*Describes what you did in sufficient detail that someone could reproduce
[Partial explanation.  It would not be possible for someone to  study from info provided]
What, where, when, and how did you make your measurements? 

[You do not explain how you calculate primary productivity]

Brief description of samples and equipment

[See text – need better description of equipment]

Diagrams, maps of sampling, tables, timelines may be useful 

[The one map you include is very helpful.  Why not include this for the other wetland.  A map of the whole site would be very useful.]

Reference literature where appropriate (who’s procedure did you use?)

[Need reference for community metabolism]

5. Results:

Include text, tables, graphs & figs that describe but do not interpret results

xExplain calculations

[you don’t explain how you are calculating primary productivity]

Indicate statistical significance [NA]

[Results confuse dissolved oxygen concentration with productivity.  DO is a stock, while productivity is a flow]

6. Analysis & Discussion:

xInterpret meaning of findings in light of other studies

[No discussion of other studies at all]

√Address limitations of findings and suggests further study

[Yes, very nice job with this]

7.  Literature cited:

Use format of the journals Ecology or American Naturalist

Do not use footnotes

8.  General comments:

Phoebe and TyAnn:

See extensive notes above and in your text.  This was a neat study and you have some good ideas about mechanisms, but there are important pieces of the paper that you have left out.  Organization also needs attention – see comments above.

In your class presentation you did a nice job of dividing the presentation between the two of you.  Your talk would have benefited from a bit more rehearsal.  Also, presentation and discussion of productivity data was noticeably missing from your talk.

Figure 1: Wetland # 4 (Open) The red X signifies sampling sites.  [Did you draw this map?  If it is from some other source, cite that source]
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   Dissolved Oxygen (Average/hr) and PAR (Average/hr) in Wetland 4 on November 20th and 21st 








11/21/03


 12:00 AM





11/21/03


 4:00 AM





11/21/03


 12:00PM





11/20/03


 6:00 PM





11/20/03


 12:00 AM





12.00





11.00





10.00





9.00





     Figure 2





8.00












































0.4














  Figure 9 [what are the units? Label the y-axis]





Figure 8: PAR (right Y-axis) (micro eins/m2/s) vs. Dissolved Oxygen (left Y-axis) (mg/L)
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     Figure 3 [legend?]
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 Figure 2 [Figures should include a legend that provides enough description that the reader can interpret without text]  
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