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Abstract


Invasive species can sometimes be a threat for destruction of the ecosystems that they inhabit and the surrounding biodiversity.  Phragmites australis, an invasive wetland grass, is common throughout the Midwest.  Three types of plots, mixed patches of 

P. australis and Typha angustifolia, a native cattail that often is found to associate with 

P. australis, and patches of P. australis alone and cattails alone, are found scattered around the DePauw University Nature Park quarry bottom.  To provide base-line data of the three plot types in the quarry bottom, in order to help monitor the growth of 

P. australis, this study collected latitude and longitude degrees and perimeters for 

thirty-seven wetland grass plots in the quarry bottom to generate GIS maps.  Along with providing base-line data for future research, this study also sought to determine the correlation between elevation and the different plots types and to determine the spatial distribution of all wetland grass plots.  Using previous aerial data of the quarry bottom, GIS maps were generated to show spatial distribution, location, size of plot areas, and plot types for all thirty-seven plots.  The data shows that though the difference is not statistically significant, P. australis plots appear to be larger than mixed plots, which are larger than cattail plots.  The map also demonstrates that the growth of P. australis appears to be spreading from a centrally located P. australis plot, spreading outwardly towards the boundary of the quarry bottom with more P. australis plots, migrating to cattail plots to become mixed plots, and the farthest plots from the central P. australis patch presently remaining as purely cattail plots.  From previous topographical data, a map showing the elevation of the different plot types illustrates that P. australis on average are located at higher locations than cattails and mixed plots; however, the difference is not significant.  With the gathered data of this study, future research will be able to study the growth, spread, and spatial distribution of the wetland grass plots.  The data should be also used to monitor and manage the spread of P. australis throughout the quarry bottom; using methods of eradication if the spread begins displace cattails, as expected, and alters the ecosystem.         


Introduction

Invasive species have been known to alter entire ecosystems.  Once introduced into an area outside the natural habitat, invasive species can flourish and spread persistently, which can lead to a change in the habitat, and thus, can diminish native species in the surrounding areas (Mack et al. 2000).  Phragmites australis, a large grass or reed, is an invasive species that is found in many marshes and swamps over the United States (Güsewell and Edwards 1999).  

Phragmites australis is a large grass that grows in dense colonies with a network of rhizomes.  This particular species is believed to be a native species that has been found in North America for thousands of years (Marks et al. 1994).  However, a different genotype of this species was introduced from Europe, which is the invasive species that is thought to be the widest distributed flowering plant (Tucker 1990).  Though it is found on almost every continent, it is particularly widespread in the United States.  P. australis, an extremely aggressive invader in the Midwest, is classically found growing in marshes and swamps, sometimes forming long incessant belts.  This invasive species, which is normally found in association with Typha spp, native cattails, has specific characteristics that allow it to be victorious over competitors such as the rhizomes that form thick mats, large amounts of litter from the shoots within stands that block the spreading of other species, and its tolerance to thrive in dormant water.  These characteristics prevent other species from establishing and allow P. australis to spread and form monoculture stands that sometimes change the surrounding habitats, which abolish environments for other species (Marks et al. 1994).

Typha angustifolia, also a rhizomatous grass, is a cattail species that can associate with P. australis.  This cattail is widely distributed in North America and is mostly found in wetlands, adjacent to slow moving streams and along other bodies of water.  

T. angustifolia is usually found growing in disturbed environments.  T. angustifolia, which can grow up to 3 or more meters in height, can also be found in areas with variable levels of water such as roadside ditches.  This species, which has world wide distribution, can grow in many different types of substrates including peat, clay, and wet sand (Motivans and Apfelbaum 1987).  Therefore, T. angustifolia is a species that can share similar habitats of P. australis, which makes it possible for the two to associate in certain habitats.         

Because P. australis is a species that is capable of large expansions, in less than desirable habitats (Amsberry et al. 2000), it is important for conservationists to monitor areas with Phragmites in order to control the spread of this invasive plant.  An efficient way of monitoring P. australis is through the utilization of Geographic Information Systems (GIS) and Global Positioning Systems (GPS) technology to map plots of 

P. australis (Maheu-Giroux and de Blois 2005).  GIS mapping can be an effective technique for fieldwork because it modeling the environmental characteristics and it is capable of helping collect inventory of field plots for many different studies (Carver et al. 1995).  By monitoring and assessing the growth of P. australis, conservation biologists have knowledge that can help if eradication is later enforced.    

Invasive species incursions are one main risk to rare and threatened species and are also a threat to the entire ecosystems that they reside in (Blossey 1999).  The invasive strain of Phragmites australis has not only threatened other species, but it has also displaced native strains of P. australis; it has also taken over areas that the native strain can not inhabit (Saltonstall 2002).  Since some of the main goals of conservation biology are to preserve species richness and genetic variation, to protect biological communities, and to protect and restore ecosystems, and also because P. australis is a known invasive species that can threaten biological communities and species richness (Farnsworth and Meyerson 1999), it is important that conservationists maintain the growth of P. australis.  Maintaining and sometimes eradicating P. australis may be essential for ecological restoration to return a site to its historic ecosystem (Primack).

The DePauw University Nature Park in Greencastle, Indiana, which includes many areas of P. australis, includes ecological restoration as part of the mission statement (http://www.depauw.edu/univ/naturepark/).  This study sought to GIS map plots of P. australis and plots with P. australis and Typha angustifolia, a native cattail species that is thought to be threatened in the Nature Park due to the invasive Phragmites.  The objective of the study was to present a base-line data set for future research studies that could possibly study species richness versus the density of P. australis plots or even study different methods of eradication and determine the effects of burning, mowing, herbicide application, or flooding on P. australis and native species (Marks et al. 1994).  The study was also used to determine a correlation of plots of P. australis and cattails and elevation in the Nature Park.  We hypothesized that P. australis would be found at higher elevations than cattails.  Since the main objective of this study was to provide base-line data, and since the study has generated GIS plots of P. australis throughout the Nature Park, the provided plots can also be used to monitor the growth of Phragmites.  The study includes the objective of mapping the spatial distribution of P. australis compared to cattails in order to identify areas of the Nature Park that may be threatened with invasion of P. australis in the near future.  Therefore, this study will further knowledge of 

P. australis plots found in the Nature Park and will serve as a base-line study for future studies of P. australis in the Nature Park.

Methods

Area of Study


The study was held in the DePauw University Nature Park.  While the park holds deciduous forests, wetlands, meadows, and some freshwater ponds, the specific site was in the neglected limestone quarry bottom, which holds some stable and ephemeral ponds, and which was formerly the site of limestone blasting.  The site is mainly adjacent to woodlands, and there are two main trails that run through the site (http://www.depauw.edu/univ/naturepark/index.html).  The study site was chosen mainly due to the numerous areas with P. australis and cattails that were accessible.  

Plotting P. australis and cattails

In the spring of 2006, a handheld GPS unit was used to measure the latitude and longitude degrees of the northeast corner of each plot in the DePauw University Nature Park quarry bottom.  All latitude and longitude degrees were recorded along with one of the three types of plots, P. australis alone, cattails alone, or both.  Each plot was also marked, where the latitude and longitude degrees were recorded, using colored flags along with the number of each plot for future reference.  Thirty seven plots were marked and plotted using the GPS unit, and the data was entered into a spreadsheet.  The DePauw University GIS lab was used to generate maps of the plots to determine the exact position of the plots using the ArcGIS computer program.  A previously made aerial map of the Nature Park quarry bottom was then used to show the exact location of the GPS map of P. australis and cattails plots in the quarry bottom.  

Previous Nature Park GIS data was used to determine the elevation of each plot.  Our plot latitude and longitude degrees were used as a separate database than the previous topographical elevation map of the quarry bottom.  These two elements were layered to create a topographical map of the three types of plots, P. australis, cattail, and mixed plots.

For the analysis of the elevation data, the computer program SPSS was utilized.  The program determined average elevation and standard errors for all three types of plots.  SPSS also ran a one-way ANOVA test to determine the significance of the data.   
Measuring Perimeters of Plots


Using a standard measuring tape and compass, the perimeters of all three types of plots were measured.  The distances and degrees of all sides of the plot were measured.  Beginning with the northeast corner, that was previously measured with the GPS unit and marked with the plot flag, the length and the degrees to the next corner were measured.  Working around the plot clockwise, the perimeter of the plots in the shape of polygons, were measured.  For the few plots that were rectangular, measurements were taken for the length and width, and for the circular plots, the circumference was measured.  All lengths and degree measurements were recorded and generated in a database.

The measurements were then used to determine the area of each plot by scaling the length and degrees onto graph paper (graph 1).  Each centimeter squared on the graph paper represented one meter squared.  The area was then calculated using the polygon, circle, or rectangular dimensions from the graph paper.

Graph 1.  Area of a plot scaled on graph paper
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Graph 1 is an example of one of the plots on graph paper that was used to calculate the area.

Because all of the degree measurements were generated from the North, we were able to use the ArcGIS program to map the shapes of the plots onto a map of the Nature Park.  A second map was generated to add another layer of data to the GIS maps.  The second map included the area sizes, according to one of six categories of area, was then generated.  The types of plots were color coordinated to show P. australis (red), cattails (green), and mixed plots (yellow) in the varying size categories from 0.000-10.000m2, 10.001-30.000 m2, 30.001-50.000 m2, 50.001-100.000 m2, 100.001-500.000 m2, and  

500.001-2192.500 m2.  

Again for the analysis of the data of the sizes of areas versus the different plot types, the SPSS computer program was used.  The program determined average sizes of the three types of plots and standard errors for all types of plots.  The program also generated a one-way ANOVA tests to determine the significance of the data.

Results


The first step of the study was to GPS map all patches with P. australis and cattails.  A total of thirty-seven plots were mapped.  Figure 1 shows that there were six 

P. australis plots, twenty-two cattail plots, and nine plots with both P. australis and cattails.  Based on the number of plots, 59.4% of the plots were cattail, 24.4% were mixed plots, and 16.2% of the plots were P. australis.   

Figure 1. Number of each plot type
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Figure 1 shows the number plots.  The chart shows the amount of plots for each type of plot, P. australis, cattails, or both cattails and P. australis.

After all of the plots were mapped, the perimeter was calculated.  All plots together measured 7937.72 m2.  As can be seen in figure 2, plots with both cattails and 

P. australis had the most area of all three types of plots with 3256.15 m2 while cattails covered the least amount of area (1962.53m2).  All five plots of P. australis covered an area of 2719.04m2.  

Figure 2. Total area of plots 
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Figure 2 illustrates the total area of all plots of each type of plot.  There are six, twenty-two, and nine plots of Phragmites, cattails, and mixed respectively.

Given the areas of all three types of plots, it was determined that mixed plots have 41% of the area; Phragmites plots cover 34%, and 25% of all the areas of plots are cattails (figure 3).
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Figure 3.  Total area of patches

Figure 3 demonstrates the percentage of area that each type of plot covers.

The average areas of all three types of plots were calculated.  Figure 4 confirms that Phragmites had the highest amount with an average plot of 543.808m2 and a standard error (data not shown) of 417.2500m2 for each unit.  Mixed plots had the next highest average plot size of 407.0188m2 with 160.6820m2 standard error.  Lastly, cattail plots averaged 103.2908m2 with a standard error of 37.7974m2, the smallest average plot size.  However, the one-way ANOVA test showed a 0.079 significance, which thus proves that there was no significant difference in the averages of the three plot types. 

Figure 4.  Average areas of plots
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Figure 4 proves the average areas of each type of plot.  The chart also shows the standard error for one error away from the average.

After the average areas of all three plots were calculated, the minimum and maximum areas of each plot type were determined.  Table 1 demonstrates large differences between the minimum and maximum areas for all three types of plots.  The largest difference is seen in the P. australis plots, and the least amount of difference is in the cattail plots.  

Table 1. Minimum and maximum areas
	Plot type
	Minimum area (m2)
	Maximum area (m2)
	Difference

(max-min)

	Cattail
	2.78
	645.00
	642.22

	P. australis
	5.00
	2192.50
	2187.50

	Mixed
	9.10
	1139.50
	1130.40


Table 1 shows the minimum and maximum areas of all three types of plots.  The table also shows the difference of meters squared between the maximum and minimum areas of each type of plot.


The amounts of areas of each type of plot differed greatly.  Figures 5, 6, and 7 demonstrate the percentage of the distribution of number of plots for the categories of area size for P. australis, cattails, and mixed plots respectively.  The distribution of the number of plots for P. australis is not very broad as two categories of plot size have forty percent of the plots each while there are no plots in three size categories (figure 5).  Plots with cattails and mixed plots both show more variation than P. australis plots.  Cattail plots are widely distributed with at least one plot in each size category (figure 6), and mixed plots have plots in four out of the six size categories.     

Figure 5. Percentage of area of plots for P. australis
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Figure 5 demonstrates the percentage of each category of areas for Phragmites plots.

Figure 6.  Percentage of area of plots for Cattails
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Figure 6 shows the percentage of each area category for cattail plots.

Figure 7.  Percentage of area of mixed plots
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Figure 7 shows the percentage of each category of area for mixed plots.

After all the data was collected for the latitude and longitude degrees, plot types, and areas of all plots, a map was generated with the ArcGIS program (figure 8).  The GIS map shows the location, type, and size of all thirty-seven plots.  The map demonstrates that the distribution of the P. australis plots are reasonably centrally located and have the most number of large plots compared to the other two plot types.  Mixed plots are found to be more widely distributed than P. australis, but all of the mixed plots seem to be close to cattail only patches.  Mixed patches also appear to have mostly medium sized plots.  Cattails appear to be the most widely distributed wetland grass plots with many different sizes of plots but many medium to smaller sized plots.

Figure 8.  GIS map of Phragmites, cattails, and mixed plots on the Nature Park quarry bottom

 
[image: image8]
Figure 8 shows the GIS map of the Nature Park quarry bottom.  The map shows six different size categories for all three plot types.  Phragmites plots are represented with red squares, mixed plots are represented as yellow triangles, and cattail plots are represented with green circles.  The size of the symbol is based on the size of the plot with small symbols representing smaller plots.


The size, shape, distribution, and location of the plots were also used to generate a topographical map with previous elevation data of the Nature Park.  Figure 9 shows the GIS map of shape, size, location, and type of plot with elevation levels of the quarry bottom.  Figure 10 is a closer view of the southern portion of the quarry bottom.  Both maps show that there is one main P. australis plot in the center of two medium sized cattail plots, and three medium sized mixed plots.  There are many smaller plots all around these six main plots.

Figure 9.  GIS topographical map of shape, size, and location of plots
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Figure 9 shows the generated GIS map with elevation heights and size, shape, type, and location of all thirty-seven plots.

Figure 10.  GIS elevation map of southern portion of the quarry bottom


[image: image10]
Figure 10 is the topographical map of the southern portion of the Nature Park quarry bottom that shows the size, shape, type, and distribution of the plots that are located in the southern part of the quarry bottom.

With the elevation data, the average elevation of each type of plot was determined.  Phragmites is found at the highest elevation with an average elevation of 701.12m (figure 11) and a standard error of 0.200617 (data not shown), and cattail plots are found at the lowest elevation of 700.59m with a standard error of 0.126008.  Mixed plots were at an average elevation of 700.82 with a 0.106523 standard error.  However, since the one-way ANOVA test demonstrated a significance of 0.095, we can not reject the null hypothesis that there is a significant difference in the elevation height of the different plots.

Figure 11. Elevation heights of plot types
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Figure 11 shows the average elevation of each type of plot.
Discussion


Phragmites is often found in disturbed areas.  In fact, some types of human manipulations and disturbances can promote the growth of P. australis (Roman et al. 1984).  Because the Nature Park quarry bottom was used to eradicate quarry, the ecosystem was greatly disturbed with human manipulations.  This could be one main reason why P. australis is able to invade the quarry bottom.   
The populations of P. australis and cattails play a large role in the ecosystem of the Nature Park.  While there were only six P. australis plots (figure 1), there area of all the P. australis plots together was 2719.04m2 (figure 2), which was 34% (figure 3) of the area of all plots.  However, the plot type with the most plots, cattails, only occupied 1962.53m2, 25% of the total area.  Mixed plots occupied the majority of the area, 41%, with nine plots totaling 3256.15m2 in area.  Thus, cattails seem to have the smallest plots compared to the P. australis and mixed plots.


P. australis appear to have the largest average plots (figure 4).  These plots have an average area of 543.808m2; however, with the difference between the minimum and maximum areas being 2187.5m, the mean standard error for P. australis is 417.2500.  Although there is a large difference between the average size of P. australis and cattail plots, with the average cattail plot measuring 103.2908m, the significance of the one-way ANOVA was only 0.079.  Therefore, there is no proven significant difference in averages areas between the three different plots.  The expected outcome was that there would be a significant difference between the P. australis and cattail plots since six P. australis plots covered 34% of the area of all the plots, although the ANOVA results rejected the expected result.  However, the majority of the P. australis plots were in the two largest categories of plot size while the majority of the cattail plots were in the three smallest size categories (figures 5 and 6).  Surprisingly, a large majority of the mixed plots were in the three largest area categories with only 13% of the plots in the lowest size category 

(figure 7).  One possible explanation for the above result is that there could be large amounts of P. australis in the mixed plots compared to cattails since the areas of each species were not determined in the mixed plots.  Therefore, it is possible that with the area of P. australis and cattails in the mixed plots, there is a significant difference in the total area of P. australis and the total area of cattail in the Nature Park.


The GIS map of the sizes, types, and location of plots (figure 8) is a great source for information on P. australis and cattails in the quarry bottom.  It appears that the largest P. australis plot (plot 16), which is approximately in the center of all the other plots, is the source of P. australis in the Nature Park.  It is probable that the mixed plots were once just cattail plots, but the P. australis have migrated to the cattail patches, because the two species are able to co-exist (Marks et al. 1994).  As for the P. australis plots, two possibilities exist: the plots could have once been the habitat of cattails but the P. australis has completely taken over the area, or the P. australis have been able to migrate to areas with such harsh habitats that cattails are not able to begin colonizing in the areas (Amsberry et al. 2000).  Despite which above scenario is true, it appears that plot 16 is the source of P. australis, and the Phragmites is migrating outwardly toward the edges of the quarry bottom.  There does appear to be a pattern of the different types of plots.  It seems as though the P. australis are more toward the center of the quarry bottom, probably due to migration from plot 16.  Mixed plots seem to be at locations between P. australis and cattail plots, and cattail plots appear to be more on the outside edge of the quarry bottom.  The above mentioned pattern shows the spread of P. australis to cattail plots, making mixed plots.  

The current cattail plots appear to be threatened areas of invasion with P. australis spreading outwardly from plot 16.  It is probable that if the plots of P. australis are not managed, the plots will grow larger and it will migrate and spread throughout the quarry bottom.  The possibility of P. australis moving to cattail plots also exist.  Lastly, it is possible that the P. australis will eventually displace the cattails in the mixed plots.  Thus, if the P. australis in the quarry bottom is not monitored and managed, it is predicted that it will spread throughout the quarry bottom and change the current ecosystem that is present.


The one possible way that the spread of P. australis could be stopped, without human interference, is if elevation and water level make spreading difficult for 

P. australis.  Figure 11 shows that P. australis does appear to grow at higher elevations.  While the one-way ANOVA test proved that there was no significant difference in elevations between the different plot types, it was predicted that the P. australis would grow at higher elevations because it cannot survive in high water (Hellings and Gallagher 1992).  With the data from figure 12, it was determined that although the results were not significant, on average, P. australis grows at higher elevations than mixed plots, which are at higher average elevations than cattail plots.       


Because this is a base-line study, there are many directions for future research.  First of all, a study should be done to research where and when the first patch of Phragmites was introduced into the quarry bottom.  It is quite possible that the first patch that was introduced was plot 16, but research would need to be done to confirm this observation.  


Another study could follow the predictions of this base-line study.  Certain predictions, such as P. australis patches growing in area, developing more patches, taking over mixed patches, and migrating to cattail patches to make mixed patches, could be tested.  Also, the observation that plot 16 is the source of P. australis could be tested.  With the growth of more P. australis being a possibility, when more plots are present, a study could be performed to test the significance in elevation again.  Amsberry et al found that P. australis first established in high elevations and migrated to lower elevations through migration.  The research of P. australis in the Nature Park could include an investigation of this topic as well.

The study should also be continued with monitoring the area and location of 

P. australis and cattails to determine the growth and spread of both wetland grasses.  This could be done by adding more layers of data with the GIS software in later years.  With one of the Nature Parks purposes being restoration ecology, this study could greatly help this goal for the Nature Park (http://www.depauw.edu/univ/naturepark/).  Also because invasive species are such a concern for conservation biologists, it is important to monitor and maintain P. australis in the quarry bottom.  Given the fact that the growth of invasive species can change the habitat of the surrounding ecosystem and that the invasion of 

P. australis leads to a decrease in flora and fauna habitat (Hudon et al. 2005), monitoring the growth of P. australis in the quarry bottom is essential for the stability of cattails and other species habitats.  Hudon et al. found that along the St. Lawrence River in Québec, Canada, over the course of the twenty-three year study, P. australis grew from 0.86 to 32.6 ha, showing an increase of 18% each year.  Because of the quick growth (Hudon et al. 2005), it is important to make sure P. australis does not quickly take over the quarry bottom.


Lastly, if P. australis continues to spread throughout the quarry bottom, measurements should be taken to eradicate at least some of the P. australis.  While the eradication is in progress, a study should be done to determine which method works best in the quarry bottom, as this particular ecosystem is quite unique so methods that work well elsewhere might not be very useful in the Nature Park.  Control plots will need to be established as well.  Methods of eradication that are possible include the application of herbicides, pulling, mowing, burning (Marks et al. 1994), increasing salinity in the water, and flooding (Hellings and Gallagher 1992).  However, care must be taken with all types of eradication, because not completely removing all P. australis will allow it to come back, and some types of eradication, such as application of non-restrictive herbicides and burning, can harm surrounding cattails and inhabitants of P. australis.  Therefore, there are a number of options available for the control and eradication of Phragmites in the Nature Park.


This base-line study will hopefully provide useful information for many years to come for the DePauw University biology department.  Because the study if very broad and basic, it will be easy for students to use the data in the coming years to expand on the study of P. australis in the Nature Park.
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