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 (A) Summary

Wetlands provide important ecological functions including flood control, groundwater recharge, chemical transformations and storage.  The conterminous U.S. has lost 50 percent of its wetlands, and Ohio has lost 90 percent.  There is an increased interest in developing methods to create, restore, enhance and conserve wetlands in the U.S.  Before it is possible to make management decisions, it is necessary to gauge the integrity of the remaining wetland systems.  The project proposed here will use the concept of assembly rules to develop indicators of wetland ecosystem integrity.  

The work will be conducted in the Cuyahoga Valley National Park (CVNP).  Sixty wetlands will be selected based on wetland type (fen, marsh, wetmeadow, shrub/scrub, and forested), size (<1 acre and > 1 acre), and human stressor (relatively unstressed compared to severely stressed, e.g. proximity to golf courses and farmlands).  A range of ecological properties (e.g. water level, soil organic matter, plant diversity) from five major categories (water, vegetation, soils, biology, and landscape) will be monitored over the main part of the growing season (May-Aug).

The following objectives have been established:

1. Conduct a literature review of five wetland types (fen, marsh, wetmeadow, scrub-shrub, and forested) to begin to quantify the important ecological properties of each wetland.

2. Identify, using GIS records, 60 wetlands in the CVNP based on wetland type, size, and human stressor.

3. Conduct monthly measurements of the major ecological properties of the 60 wetlands.

4. Determine indicators of wetland type, and wetland integrity based on an analysis of the data collected from our literature review (Objective 1) and our CVNP data (Objective 3), with particular attention directed at size of wetlands and possible human stressors (Objective 2).

The resulting indicators will be placed within the context of assembly rules, which can potentially be used across broad geographical regions to develop strategies for wetland construction, habitat management and invasive species control.

The total financial support from CVNP is $34,983.  The matching support from the University of Akron is $168,795.

 (B) Project Description

1. Introduction

Wetlands are important sites of biodiversity, and half of all endangered species are found in marshes, swamps, bogs and fens (Niering 1988). Wetlands serve many important ecological functions, including groundwater recharge, habitat for flora and fauna, soil erosion control, chemical uptake and transformation, and flood water control (Carter 1996, Mitsch and Gosselink 1993). Unfortunately, over half of global wetlands have been destroyed over the past two centuries (Fraser and Keddy 2000), and many of the remaining habitats have been degraded by pollution and invasion by exotic species (Dahl and Allord 1996, Dahl and Johnson 1991, Kentula 1996, Tiner 1984).  In the United States, 53% of all historical wetlands in the lower 48 states have been destroyed by anthropogenic causes (Dahl 1990, 2000) and over 90% of Ohio’s wetlands are gone (Little and Waldron 1996).

Presently, the federal policy of the United States is to protect remaining wetlands and replace habitats destroyed by development (Votteler and Muir 1996). For example, the 1977 Clean Water Act, the 'swampbuster' provisions of the 1985 Food Security Act, the “no net loss” policy formulated in 1998, the Wetlands Reserve Program (WRP) have protected or restored many remaining wetlands. Common techniques used in constructing or restoring wetlands include grading and excavation to create the necessary topography, installation of dams and stop-log structures to control hydrology, stocking desired plants and animals, and controlling pests and invasive plants with insecticides and herbicides (Hammer 1996).  

Although constructed and restored wetlands are being used to mitigate for the loss of existing habitats, these ‘human-made’ wetlands often lack ecological functions provided by natural habitats (Kentula 1996, Zedler 1993). For example, a study of 168 mitigation wetlands in the Midwest and Florida found that only 15% were fully successful (Galliguh and Rogner 1998). Efforts to improve success of wetland construction projects are hampered by a lack of understanding of factors that determine wetland structure and function. This has resulted in an increased interest in understanding ecological processes in these habitats, including factors that impact the biota and affect their distribution.

How can we know when a wetland is healthy or threatened?  What properties can be used as indicators of the integrity of a wetland?  What measures can be taken to restore or enhance those wetlands deemed as unhealthy?  The goal of this project is to define ecological properties for the evaluation, management, and restoration of inland freshwater wetlands in the Cuyahoga Valley National Park.  Five wetland types will be selected (fen, marsh, wetmeadow, scrub/shrub, and forested), at different sizes, and at varying proximity to human stressors, such as roads, farmland, and golf courses.  The theory of ‘assembly rules’ will be applied to establish the important ecological properties and indicators of wetland health.

Background

Diamond (1975) coined the term 'assembly rules' to describe the ecological rules that predict how communities are formed from the local pool of species that can potentially colonize a habitat.  Constructing assembly rules for a habitat requires knowledge about the local species pool, their ecomorphological traits, and the environmental filters that occur in the habitat (Diamond 1975, Weiher and Keddy 1995) (Fig. 1). Assembly rules have been developed for plant (Weiher et al. 1998, Wilson and Whittaker 1995) and animal (Connor and Simberloff 1979, Diamond 1975, Drake 1991) communities in natural and artificial habitats. Both the presence of species that are characteristic of a specific habitat and the environmental filters in these habitats can be categorized as habitat indicators. For example, Sarracenia purpurea (pitcher plant) is generally an indicator of nitrogen-poor, acidic, wet soils.
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Figure 1. Conceptual diagram of how assembly rules predict the species composition of a community.  In this example, three filters are identified (hydrology, wetland size, and soil chemistry). The width of arrow represents numbers of species.  Species in the species pool that have the necessary traits to resist the environmental filters will colonize the habitat and make up the community found in a habitat. Indicators are the filters, and can also be the resulting community assemblage, or presence/absence of particular species.

Assembly rules are established by determining the relationships between the environmental filters (i.e., the abiotic and biotic conditions in the habitat) that act upon a pool of species and the traits that species found in a habitat use to resist the filters.  In natural ecosystems, multiple environmental filters are present that screen out unsuitable species, leaving a subset of species that colonize and persist in a habitat. For example, competition and herbivory are biotic factors that affect plants, while water level and soil fertility are abiotic factors that determine distributions of many plants and invertebrates (Batzer and Resh 1991, Cody 1991, Corti et al. 1997, Gleason 1939, Peckarsky and Dodson  1980, Keddy and Fraser 2000).  Species with the necessary ecomorphological traits will be those that persist in the presence of a given environmental filter. For example, only those species that possess traits to tolerate intermittent desiccation are found in seasonally flooded wetlands. Traits that have been used to develop assembly rules for plants include stem, root and leaf morphology, dessication tolerance, herbivore resistance, and growth rates.  Some traits tested in animals are life history characteristics, feeding methods, and dispersal mechanisms.  Species that share ecomorphological traits can be grouped into functional groups (plants), or guilds (animals) (Grime 1977, Cummins and Klug 1979, Pianka 1980, Wilson and Roxburgh 1994).  

Recently, work has been done to define assembly rules for wetland habitats (Weiher and Keddy 1995, Weiher et al. 1998, Keddy 2000). Wetlands support unique plant communities because of their chemical and hydrological conditions (Tiner 1991, Wissenger 1999), and many ecological functions provided by these habitats are impacted by the biota. For example, shading and evapotranspiration by vegetation have been shown to alter hydroperiods (Brown 1981, Hall et al. 1972).

Indicators provide a common and simplified frame of reference on which to base decisions.  Choosing indicators is difficult because ecosystems are complex and dynamic systems.  It is even more difficult to place a hierarchical order of importance to indicators.  Assembly rules can provide the skeleton (the instrument panel) around which we can develop our indicators.  

The concept of spaceship earth has been with us for over thirty years (Ward 1966), but it has only been in the last decade that we have realized it is a spaceship without an instrument panel.  Because of this, we have no way to judge our ship’s current ecological course, and no way to determine whether decisions on the bridge are leading to changes in course.  No matter which political parties seize control of the bridge, this technical task must be completed.  The search for gauges to insert in the instrument panel has been loosely defined by terms such as environmental indicators and ecological integrity (Woodley et al. 1993, Noss and Cooperrider 1994).  Two scientific decisions must be made: what gauges do we need, and what are the danger regions for each of them?  Indicators and assembly rules can be used to answer these questions.

The long-range goal of my research is to understand the mechanics of freshwater wetlands.  In this project, I propose to study the properties of five different wetland types found within the Cuyahoga Valley National Park: (a) fens, (b) marshes, (c) wetmeadows, (d) palustrine scrub/shrub, and (e) palustrine forested.  Within each wetland type, wetlands will be selected according to size, and to the proximity of a potential human stressor, such as roads, golf courses, or farmland.  The challenge is to find properties that allow the measurement of the many different aspects of the ecology of inland freshwater wetlands.  Choosing properties is difficult because we still lack quantitative scientific models of freshwater wetlands that tell us which properties are most important in maintaining function, sustaining productivity, and predicting future behavior.  To look for properties, we will: (1) conduct a literature review on the health and integrity of five inland freshwater wetlands, (2) measure and monitor those properties that we have identified as important from the literature review in the field, and (3) based on the literature review and the field measurements, define ecological indicators according to assembly rules. The proposed research is important because we can use our results to develop predictive models of wetland conservation and restoration based on critical biotic and abiotic factors.

2. Objectives
The ultimate goal of my research is to understand the mechanics of freshwater wetland functions to promote the successful restoration and enhancement of these valuable ecosystems.  Towards this goal, L. Fraser has received funding from USDA to review wetland processes within the largest wetlands of the world, the USGS to test plant growth responses to water levels, and from NSF to test the species pool hypothesis in restored wetlands.  

The overall research objective in this project is to develop environmental indicators to evaluate the integrity of inland freshwater wetlands in the Cuyahoga Valley National Park.  The theory of assembly rules will be applied to organize the experimental design and collection of data. It is important to note that although many studies have described changes in species abundance (Keddy 1992), assembly rules examine how environmental filters act on the traits that species possess.   Indicators of ecosystem health will include both the environmental filters, and the resulting community assemblage.  For example, Typha (cattail) and Scirpus (bulrush) are usually dominant in permanent marshes (van der Valk and Davis 1978, van der Valk 1981, Weiher and Keddy 1995). The underlying reason is that these reproduce clonally and can colonize flooded areas, while seeds of most other species will not germinate until wetlands are drawn down (Boutin and Keddy 1993). Therefore, Typha and Scirpus are dominant because they possess traits (clonal reproduction) to resist an environmental filter (long-term flooding). The presence of Typha or Scirpus is an indicator, as is the depth and duration of flooding.  But, we are not only interested in identifying indicators, we need to establish the ‘critical levels’ of each indicator.  When is the abundance of Typha or Scirpus too much, or too little?  We need to establish quantitative values for management purposes.

Comparing plant functional groups among habitats will provide insight into which traits are used to resist the environmental filters that are found in a habitat. Therefore, an advantage of using assembly rules to develop wetland conservation and restoration strategies is that the rules can be applied across geographic regions in habitats that have similar environmental conditions but may not share the same species (Weiher and Keddy 1995), i.e., wetland across the National Parks’ Heartland Network. 

In established communities, it is often difficult to separate the effects of past events and those of contemporary ecological processes. For instance, a species may be missing from a habitat because it never colonized or because it was later eliminated. Unfortunately, it is impossible to test all possible mechanisms that determine community structure. Therefore, my group will focus on testing environmental filters that we determine through our literature review are the most important (e.g. hydrology, soil chemistry, plant invasives, proximity to human stressors).

The experiments will be conducted in the Cuyahoga Valley National Park (CVNP).  This is an exciting opportunity because the CVNP has a diverse assemblage of wetlands, most of which are in relatively good condition (DRG 2001).  The wetlands have a variety of sizes, types and proximity to measurable human stressors (e.g. roads, golf courses and farmlands).  In addition, Davey Resource Group has compiled a GIS wetlands inventory of the wetlands in the CVNP, which has laid the foundation for future monitoring and research (DRG 2001).

The Davey Resource Group identified 1,217 wetlands totaling 1,669 acres.  One hundred and ninety of the wetlands were greater than one acre in size, and the average size of the wetlands was 1.4 acres.  Seven wetland types were categorized based on the Cowardin classification system (Table 1)(Cowardin et al. 1979), including palustrine emergent (PEM), which includes marshes and wetmeadows, palustrine scrub/shrub (PSS) which includes wetlands dominated by shrubs and saplings, and palustrine forested (PFO) which includes all forested wetlands. 
We will also use the Cowardin classification system, but we have also chosen to use sub-classifications of the Cowardin, which will be assessed during the course of the work.  For the purposes of the proposal we are expressing these categories as five different wetland types:  (1) fen, (2) marsh, (3) wetmeadow, (4) shrub/scrub, and (5) forested.

Table 1. Summary of the number of wetlands over one acre in size (n = 190) by wetlands type (DRG 2001).  

	
	Wetland Type
	Number of Wetlands

	1
	Emergent Wetlands (PEM)
	21

	2
	Scrub/shrub Wetlands (PSS)
	10

	3
	Forested Wetlands (PFO)
	47

	4
	Combined Emergent, Scrub/shrub, and Forested (PEM,PSS,PFO)
	22

	5
	Combined Forested and Scrub/shrub (PFO,PSS)
	14

	6
	Combined Emergent and Scrub/shrub (PEM,PSS)
	14

	7
	Combined Emergent and Forested (PEM,PFO)
	62


In this project, five major categories of each of the five wetland types will be measured and monitored: (1) water, (2) vegetation, (3) soils, (4) biology, and (5) landscape.  We are not proposing to apply a manipulative experimental design.  Only descriptive measurement techniques will be applied to determine the range and average values of the different variables to be measured.  Comparative analyses across a broad range of wetland types using a diversity of biotic and abiotic variables can be a powerful tool in determining ecological indicators (Keddy and Drummond 1996).

We have partially based our selection of the five major categories on a project currently under way in my lab; identification of the ecological properties of fens.  A number of variables define each of the five major categories (Table 2).  We may alter (either add or subtract) the list of properties based on the data we assemble from the preliminary literature review.  The five major categories, and their representative ecological properties are as follows:

(1) Water.  Hydrology is considered the most important determination of wetland type (Keddy and Fraser 2000, Mitsch and Gosselink 2000).  Therefore, water level will be monitored.  Water chemistry is also important because it can indicate resource availability, nutrient dynamics and pollution load.  We will monitor pH, dissolved oxygen (DO), ammonia, nitrate, and phosphorus.

(2) Vegetation. Water level affects many other wetland properties.  One of the most obvious is plant composition and distribution.  Some plants have adapted to survive under wet conditions.  These can be classified as either obligate (wet conditions are essential for their survival) or facultative (can grow in wet conditions but can also grow in terrestrial habitats).  Plants are useful indicators because they are not generally cryptic and therefore easy to find and their presence is often associated with particular environmental conditions.  We will also note plant invasives, many of which occur in the CVNP, such as Phragmites australis, Phalaris arundinacea, Lythrum salicaria, Typha angustifolia (DRG 2001).  We will measure species richness, and the seed bank of each wetland.  For fens, marshes and wetmeadows, we will measure biomass and canopy cover as predictors of species richness (Grime 2000, Moore et al. 1989).

(3) Soils.  Soil properties are useful in delineating wetlands.  We will measure percent saturation, depth of the LFH horizon, and degree of rhizosphere oxidization  in the field.  Soil chemistry will include total nitrogen, total phosphorus, percent organic matter, potassium, magnesium, calcium, and cation exchange capacity.

(4) Biology.  Colonization of plant roots by mycorrhizae are an important indicator of nutrient availability for plants.  Generally, plants growing in low nutrient sites are more likely to have a greater inoculation of mycorrhizae (Johnson 1993).  Decomposition rate is a good indicator of biological activity, and hence nutrient cycling.  Amount of coarse woody debris in wooded ecosystems has been positively correlated with the health of the system (Keddy and Drummond 1996). 

(5) Landscape.  Landscape characteristics are potentially a critical influence on wetland function.  Much of the landscape characteristics are available from the Davey Resource Group GIS report (DRG 2001), but we will select our wetlands based on some of the important features, such as size, proximity to roads and golf courses, fragmentation, landuse, topography.

Table 2. The five major categories, and their respective properties, that we have identified as a provisional list of measurements in each of the selected wetlands

	Major Categories
	Properties

	Water
	· Water level

· Water chemistry: pH, DO, ammonia, nitrate, phosphorus.

	Vegetation
	· Plant species richness

· Plant community composition (per m2)

· Biomass (per m2)

· Canopy cover

· Plant invasives

· Obligate and facultative wetland plants

· Seed bank

	Soils


	· Percent saturation

· Depth of the LFH horizon

· Rhizosphere oxidation

· Soil chemistry: total N, total P, %organic matter, K, Mg, Ca, CEC

	Biology
	· Mycorrhizae

· Decomposition

	Landscape
	· Size

· Proximity to human stressor

· Fragmentation

· Landuse

· Topography


Our overall research goal is to identify the important ecological indicators of the wetlands in the CVNP for the evaluation, management, and restoration of inland freshwater wetlands.  We will select sixty wetlands based on wetland type, size of wetland (<1 acre or >1 acre) and human stressor (stressed and unstressed)(see General plan of work below).  In addition, we will establish critical levels for each indicator to determine the relative health of the five different wetland types found within the CVNP.  We have the following objectives:

1. Conduct a literature review of five wetland types (fen, marsh, wetmeadow, scrub/shrub, and forested) to begin to quantify the important ecological properties of each wetland.

2. Identify, using GIS records, 60 wetlands in the CVNP based on their wetland type (fen, marsh, wetmeadow, scrub/shrub, and forested), their size (less than one acre or greater than one acre), and human stressor (proximity to human impact, e.g. roads, golf courses, farmlands).

3. Conduct monthly measurements of the properties of the 60 wetlands listed in Table 2.

4. Determine indicators of wetland type, and wetland integrity based on an analysis of the data collected from our literature review (Objective 1) and our CVNP data (Objective 3), with particular attention directed at size of wetlands and possible human stressors (Objective 2).

3. General plan of work
i. Study Site
The Cuyahoga Valley National Recreation Area was established in 1974, and re-designated in 2000 as the Cuyahoga Valley National Park (CVNP), the only national park in Ohio.  The CVNP covers approximately 33,000 acres along the Cuyahoga River.  The Cuyahoga meanders 100 miles, 22 miles of which wind through the CVNP.  The Cuyahoga begins 30 miles east of its mouth in Cleveland, and flows in a ‘U-shape’ along the base of the escarpment on which the city of Akron sits.  The Cuyahoga River Watershed drains 813 square miles of land in Geauga, Portage, Summit, and Cuyahoga Counties. This is less than 3% of the land in Ohio, but it houses over 16% of the state's population, and is one of the most densely populated areas in the nation. 

The CVNP contains a rich mosaic of habitat types, from deciduous mixed-riparian forests and wetland habitats, to older fallow fields and currently cultivated agricultural lands.  The park’s environment provide habitats for 900 species of plants, 194 species of birds, 91 aquatic macroinvertebrates, 43 fish, 32 mammals, 22 amphibians, and 20 species of reptiles (CVNP 2002).  Due to a long history of disturbance in the park, CVNP contains a number of invasive species.  Nearly 20 percent (186 species) of the flora in non-native, and ten species of non-native plants are considered threats to the parks ecosystems and native flora (CVNP 2002).

ii. Experimental methods
Assembly rules is the framework we have adopted to organize our results.  To build assembly rules, we need to 1) identify the species pool of potential colonizers, 2) understand which environmental filters exist and how they affect these colonizers, and 3) test the species traits that can tolerate existing “filters”. Since our main goal in this proposal is to develop indicators (which include both environmental filters and the traits species possess to resist those filters), we need to build a large database.  We have divided our proposed work plan in three parts, which follow, more or less, a chronological order: 1) literature review, 2) field data collection, and 3) analysis and interpretation.

1) Literature Review

In addition to reviewing studies on regional flora and fauna for a list of the species that could potentially colonize our study sites, we will search the scientific literature (both peer-reviewed and government publications) for general descriptions of the five wetland types under consideration.  Basically, we will be searching the literature for data that will fill in our pre-assigned list of ecological properties (Table 2).  We will be building five separate tables consecutively: fen, marsh, wetmeadow, scrub/shrub, and forest.  We have already completed a literature review for fen indicators; Table 3 summarizes the indicators and their potential critical values of fens.  Based on experience, it is known that there will be holes in the spreadsheet, which is why the field measurements are critical.  

It is proposed that there exists a series of environmental and biological indicators of wetland system functionality; Table 3 illustrates components of a fen.  These may be determined by statistical analysis of the components.  A component that exhibits normal distribution around a median value is to be considered an indicator.  An indicator implies that the component is predictive of some important aspect of the fen system.  However, the literature reviews will establish ‘common’ or ‘normal’ values of a range of potentially important ‘indicator’ components.  It is not suggested that the indicators are predictive of any one aspect of wetland function.  Rather, we think that most of the components are interrelated to a degree.  Furthermore, we acknowledge that not all of the components presented in the reviews can be treated as indicators of a normally functioning wetland system.  

The objectives of this proposal do not address how managers should respond to wetlands that display values outside the ‘normal’ range.  Further descriptive and experimental work is needed for this information.  However, the field data we collect (see below) will at least allow us to begin to prioritize the importance of the indicators by applying multivariate analyses.

Part of the review process will be to study the Davey Resource Group document (DRG 2001), and based on the reported information, as well as on-site visits, we will select sixty wetlands according to wetland type, size and human stressor.  

Table 3. A summary of all fen components determined from 87 published papers, and based on their normal distribution, whether the component would be a good indicator of ‘normal’ fen function.

	Component
	~50% of the normal distribution
	Indicator potential for a normal fen

	(I) WATER
	
	

	· Depth to water table (cm)
	0-11
	Good

	· pH 
	5.9-7.1
	Good

	(II) SOILS
	
	

	· Peat depth (m)
	1.1-4.3
	Poor

	· Soil % moisture
	52-79
	Poor

	· Soil % organic carbon
	21-74
	Poor

	· Total Soil N (mg/kg)
	13.5-17.9
	Good

	· Total Soil P (mg/kg)
	0.46-0.72
	Poor

	· Soil N: P ratio
	18.2-28.0
	Good

	(III) BIOLOGY
	
	

	· Total Vegetation Species
	26-125
	Poor

	· Total Bryophyte Species
	3-8
	Good

	· Species richness (sp/m2)
	11-26
	Good

	· Aboveground biomass (g/m2)
	198-462
	Poor

	· Percent cover
	99-145
	Good

	· Seed bank species
	22-57
	Poor

	· Mycorrhizae Colonization (%)
	27-69
	Poor


2) Field Data Collection

The bulk of our efforts will be directed towards the collection of data in the field.  Our experimental design is a 5 (wetland type) X 2 (wetland size) X 2 (human stessor) factorial design, with 3 replications, for a total of 60 wetlands.  A randomized block design will be applied for the three replicates to ensure that no two replicates will be located in the same general area.  The five wetland types are fen, marsh, wetmeadow, scrub/shrub and forested.  We will select wetlands at two different size classes: less than one acre and greater than one acre (but no greater than fifty acres).  We do not anticipate any difficultly in locating the small sized wetlands.  Our preference is to locate wetlands at the larger size class at close to 10 acres, but this may not be possible, which is why we have separated size class at greater or less than one acre.  Human stressors for our purposes will be assessed by proximity to golf courses and farmlands (nutrient runoff).  Our purpose is to identify as best as possible the extremes of the ‘stressor’ gradient; i.e., unstressed and heavily impacted.  We want to maintain as much as possible consistency within the stressor classification and that we avoid monitoring wetlands at intermediate ‘stress’ levels.

Not all the wetlands will be found within the CVNP boundary.  We intend to include at least one of each wetland type outside the park boundary.  Four wetlands, a wetmeadow, marsh, scrub/shrub and forested, have been identified at the Bath Nature Preserve in Bath, Ohio as good potential wetlands for additional monitoring and assessment.  We will also select a representative fen for monitoring.  In part, we are selecting wetlands outside the park boundaries to ensure that we have examples of “pristine” wetlands, because it may not be possible to find pristine wetlands within the CVNP.  Representative “pristine” wetlands are important because they will allow us to better detect possible differences in ecological properties measured in wetlands experiencing high levels of human stressors.

Each of the sixty wetlands will be assessed using the Ohio Rapid Assessment Method for Wetlands (ORAM) developed by Ohio EPA to assess wetland quality.  In addition we will monitor each wetland on a monthly basis for four months, May through August.  We will measure all of the properties identified as important following our literature review, and based on the provisional list shown in Table 2.  The following methods, organized by the five major categories (water, vegetation, soils, biology, landscape) are proposed:

(1) Water.  Water level will be measured by using 2” diameter, slotted, capped PVC pipes placed into the ground (3 per wetland).  Water will be drawn from each of the three PVC pipes and the following water chemistry measurements will be done.  In the field, pH, dissolved oxygen and conductivity will be measured with handheld probes.  Water will be taken back to the lab for analysis of ammonia, nitrate, phosphorus and manganese using Palintest® reagents and a spectrophotometer.

(2) Vegetation. Each wetland will be surveyed for a total count of plant species, and an approximate percent cover of the dominant species (those species that comprise greater than 5% cover of the total wetland), plus an approximate percent cover of any invasives found.  In addition, three 1m2 quadrat frames will be randomly placed (one quadrate at each PVC pipe, approximately 2 meters in a random direction from the PVC pipes), and a percent cover of each plant species will be measured.  From this data we can calculate the Shannon-Weiner, and the Simpson’s diversity index.  In August, the last monitoring session, a destructive sample of the herbaceous vegetation will be removed within each of the 1m2 quadrats in order to evaluate biomass.  For woody wetlands, we will estimate canopy cover at each PVC pipe location.  The plants will be classified according to the Indicator Categories defined by the U.S. Fish and Wildlife Service as defined in their National List of Plant Species that Occur in Wetlands (Biological Report 88(24)).  A one-time removal of three 10cm3 sections of soil from each wetland will be taken back to the greenhouse in April, laid out on a seed tray, watered, and placed under high intensity growth lamps to determine the seed bank.

(3) Soils. At the three PVC pipe locations within each wetland, a one-time measurement, in July, of the depth of the peat layer, or the depth of the LFH horizon, and rhizosphere oxidation will be done.  In addition, approximately 10 g of soil will be removed in July for percent saturation, and the following soil chemistry measurements (to be done by Spectrum Analytical labs): total N, total P, %organic matter, K, Mg, Ca, CEC.

(4) Biology. Monthly, from May through August, very small sections (~10cm) of roots of the dominant plant species will be removed and brought back to the lab, stained and analyzed under a compound microscope for percent mycorrhizal inoculation (Brundrett et al. 1994).  In May, we will bury multiple litter bags in three locations within each wetland.  In each successive month, June through August, we will bring back subsamples of the litter bags to measure percent removal as an estimate of decomposition rate.

(5) Landscape. All of the landscape features (size, proximity to human stressors, fragmentation, landuse and topography) will be defined from GIS information.  We will consult with Kevin Skerl at CVNP for the GIS information.

3) Analysis and Interpretation

We will separate data according to wetland type: fen, marsh, wetmeadow, scrub/shrub and forested.  For each property that is measured, we will determine mean and quartile distribution in order to define critical values.  In addition, we will use ANOVA to compare each property according to size and human stressor.

For all species we encounter in our experiments, we will record basic morphological measurements.  Plants will be classified into functional groups (Boutin and Keddy 1993) according to height, clonal spread, woodiness, time of flowering, size of seed, specific leaf area, rooting depth, canopy spread, dispersal method, and general life-history (e.g. annual/perennial). Characteristics can be found in floral taxonomies or will be measured the field.  Once plants are categorized according to their functional groups, it will be possible to compare the environmental variables for associations.

Multivariate analysis will be used to ordinate data and determine associations and trends of the ecological properties among the different wetland types, sizes of wetlands and proximity to human stressors.  This will allow us to assess relative importance of the different indicators for wetland function.

iii. Management implications
One of the most important goals of a parks manager is to maximize the integrity of ecosystems.  In order to do so, it is necessary to gauge the ecological health of ecosystems.  A manager needs the most efficient, but effective assessment tools to gauge the integrity in as timely and accurate manner as possible.  Ecological properties and indicators are a method of assessing the health and integrity of wetland ecosystems.  Indicators are particularly effective if they are tied to critical levels.  According to the theory of assembly rules, some indicators are based on the environmental filters, while others are based on the traits of the organisms that can survive the filters.  It is important to note that management practices act on the environmental filters that we will test, and therefore our results will help predict responses of wetland species to methods being used to restore and conserve wetlands throughout the United States.  Moreover, the database that we develop will group species according to their ecomorphological traits (e.g. see Boutin and Keddy 1993), and examining the plant functional groups and invertebrate guilds that persist in the presence of environmental filters will show which traits are used to resist these environmental filters.  Our database will be a useful tool across broad geographical regions because managers can measure the ecomorphological traits of species found in their habitat and predict how these species will be affected by their management efforts. Therefore, wetland managers can use our results to both predict how wetland species will respond to their management strategies and understand the underlying causes for these responses.
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iv. Timeline

The degree of shading represents the relative amount of effort and importance associated with each objective with respect to timing.

Results of these studies will be presented at national and local meetings such as the Ecological Society of America, the Society of Wetland Scientists, National Park Service meetings (e.g. Water Resource Division, Inventory and Monitoring, George Wright Society), and the Woodlake Conference. The data will also be published in peer-reviewed journals, and preliminary results will be accessible through a link on the University of Akron Department of Biology webpage. Furthermore, we will provide progress reports to the CVNP.

4. Pitfalls and limitations
Wetlands are complex and dynamic ecosystems, and we acknowledge that we are not testing all possible environmental filters that impact community assemblages in wetlands.  However, the data we will provide will increase the understanding of five different wetland types and the correlation of properties with respect to size and human stressors.

The proposal presented here has been developed to achieve specific objectives within a limited dollar budget and time period.  It is important to note the limitations of the hydrology information given these constraints.  The data collected will allow for the characterization of hydrology for each of the different wetland types, and to make a comparative analysis across wetland types.  However, the data will not allow an identification of a long-term picture of the hydrologic cycle within each wetland.  We will not be able confidently identify the hydrologic conditions that are typical within the wetland systems over the long term, nor will we be able to correlate plant communities with average below-ground water levels.

We are selecting wetlands according to size (<1 acre compared to >1 acre).  We acknowledge that there may be complicated interactions occurring between size classes with large differences, and we think it is important to simply determine whether there is a difference between some of the measured ecological properties that could be used as indicators.  Ideally, we will maximize the size difference but it may be difficult to locate enough large wetlands (>10 acres).  Therefore, our size analysis may be complicated due to the potentially large range of wetland sizes available to us for sampling.
5. Future work

If funding is available, we would like to extend the term of study for at least an additional two years.  The major reason for the extension would be to continue the water level measurements in order to do an analysis of the ground water levels over a long-term.  Furthermore, it would be informative to place piezometers that would allow us to determine the direction of flow within each of the wetlands.

6. Collaborative arrangements
L. Fraser will take the leadership role in this project.  To successfully carry out this project, it will be necessary to review maps and literature, sample several types of wetlands, identify plants at various life-cycle stages, and coordinate graduate and undergraduate student research projects. L. Fraser is a broadly trained wetland biologists, but the advantage of the collaboration with the CVNP is the sharing of information and expertise between the University of Akron and the Parks personnel.  In particular, we have the support of Kevin Skerl, who has expertise in GIS methods.  The field and laboratory work on this project will be conducted by three Masters students who will help train the two undergraduates who will assist on the data collection.  Larry Feinstein, a Masters student, will be the lead graduate student on the project; L. Feinstein has already started research in this area, has established a relationship with K. Skerl, and demonstrated a passion and commitment to this project.  The other students will be recruited when needed, but I have students in my lab and my Wetland Ecology class whom have expressed interest and would be great workers.

7. Broader impacts of project 

Assembly rules are central to efforts of management, preservation and restoration of valuable wetland habitats. Indicators and critical values that we develop should be applicable to restoration and conservation in similar habitats. Moreover, the broader significance of this research is to highlight the importance of establishing assembly rules for other wetland types. This topic is central to my ongoing research interests on the effects of wetland management strategies on plants.  Furthermore, I feel that training graduate students is an important part of my teaching responsibilities, and this project will employ three masters student and two undergraduate students throughout the summer. Undergraduates can benefit greatly by learning about the scientific method and participating in active research projects. In the past, I have hired many undergraduate students on funded grants (17 students, of which four were African-American and 11 were female.  I have also brought three undergraduates to scientific meetings.
CVNP is located near U Akron and is especially valuable to my research efforts because of the accessible location, unique habitat, and the helpful personnel at the park.  Faculty at U Akron has been involved in CVNP research in the past, and former students from U Akron have worked as interns in the CVNP.

In the past, I have taken field trips to public access wetlands within the CVNP to teach wetland function. In the future, I will also discuss the methods, findings and implications of this research project on these field trips. Each year, students will see first-hand the ongoing experiments and learn about the preliminary data. This will potentially impact dozens of students each year.  Moreover, I expect to reach groups that are underrepresented in biological sciences through my undergraduate and graduate teaching.
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(E) Budget Justification

Personnel

The majority of expenses for this project are for personnel.  There will be three Masters students working on this project; each student will be responsible for the monitoring of 20 wetlands.  Two Masters students will be funded through the summer months at $4,500 each.  The third Masters student is already supported on an NSF-funded project.  A total of $8,000 has been allocated for undergraduate support.  During the first phase, undergraduates will be helping with the literature review; searching, photocopying, mailing, etc.  The second phase will be field and lab work.  The third phase will be more literature review, and any additional field work that may be required.  Undergraduates will be hired at $8/hour for a total of 1000 hours of help through the year.  The University of Akron supplies 0.5% on fringe benefits to students.  

Materials, Supplies and Services

General supplies include clippers, plant presses, shovels, bags, software, paper, photocopying, mailing and other small office and field supplies necessary for the project.  Soil samples will be sent to a lab (Spectrum Analytical), which charge approximately $22/sample.  We will have 180 samples, for a total soil testing budget of $4,000.  Water analysis will be done with Palintest® reagents.  Approximately 750 analyses are required for each of the four elements (ammonia, nitrate, phosphorus and manganese).  A box of 200 reagents is approximately $250 for a total water testing budget of $4,000.

Travel

The project requires a lot of field work and therefore a lot of travel to and from the field.  The majority of the field work will be done in the second phase (May-Aug), but travel will still be required in Phase 1 and 3.

Indirect

The University of Akron will charge 12% on indirect costs.

Matching

An NSF-funded graduate student with a stipend of $21,000 per year will be working on this project.  In addition, tuition waivers for three graduate students and TA stipends for two graduate students adds to a significant match of $168,795 towards this project.

(F) Facilities and Equipment

Laboratory:

LHF has four lab areas, totaling approximately 800 s.f.  Two rooms are controlled plant growth rooms equipped with high-intensity growth lights, a/c units and humidifiers.  The third room contains an EGC-15 plant growth chamber, a fridge and a freezer with a seed collection of approximately 40 native wetland species.  The fourth room has bench space with drying ovens, scales and water quality analysis equipment.  

Computer:

LHF has three Pentium desktops and six Pentium laptops for statistical analyses. 

Office:
There are two support persons in Biology departmental office who can help with manuscript preparation and other office tasks.

Major Equipment:

LHF – EGC-15 environmental growth chamber for controlled plant research, Spectrum WatchDog weather station for outdoor research.  Biology department has 2 research vehicles.

OTHER RESOURCES

LHF has a spectrophotometer for water sampling, and handheld pH, DO and conductivity meters, plus 2 Garmin GPS units.

(G) CURRICULUM VITAE

LAUCHLAN HUGH FRASER

50 Waldorf Drive

Akron, OH 44313, USA

Phone: work (330) 972-6141 / home (330) 835-4712

Email: lfraser@uakron.edu; Webpage: http://www3.uakron.edu/biology/fraser/~lfraser.html 

EMPLOYMENT HISTORY:

August 1999- Current

     ASSISTANT PROFESSOR

     University of Akron

September 1998- April 1999:

     SESSIONAL LECTURER

     Carleton University

     *Ecosystem ecology (3rd year)

EDUCATION:

September 1996:
Ph.D., University of Sheffield, England.




Supervisor:  Professor J. Philip Grime

September 1993:
M.Sc., University of British Columbia, Canada.




Supervisors:  Professors Roy Turkington & Dr. Chris Chanway.

December 1990:
B.Sc., University of British Columbia, Canada.

AWARDS AND SCHOLARSHIPS:

April 1994:

Runner-up in the national young science writer award held by The Daily Telegraph newspaper and the British Association Promoting Science and Technology.

October 1993:

3-year Post-graduate scholarship at the University of Sheffield.

September 1985:

Academic scholarship at the University of British Columbia.

September 1984:

Athletic scholarship at the University of British Columbia.

GRANTS:

June 2003 – May 2008:

Meulstein Foundation, ~$1,500,000.

June 2001 – May 2004:

National Science Foundation, $1,169,324, GK-12 Formal Proposal.

June 2001:

University of Akron Research II Initiative, $7,000, Trophic dynamics in grasslands.

May 2001 – May 2002:

US Geological Survey, $38,393, Interactive Effects of Hydrology and Fertility on Synthesized Wetland Plant Communities.

July 2000 – June 2003:

Environmental Protection Agency, $481,730, Evaluation of NPS Built Wetlands as a BMP for Septage and Acid Mine Drainage in Ohio.

September 2000

US Department of Agriculture, $7000, The World’s Largest Wetlands.

June 2000 – August 2000:

University of Akron Summer Research Fellowship, $8000, Building a Plant-Trait Database: Towards a Wetland Restoration Model.

April 2000:

University of Akron Research II Initiative, $10,000, Plant Growth Chamber.

April 2000:

University of Akron Summer Research Fellowship Research II Initiative Support Funds, $2000, Building a Plant-Trait Database: Towards a Wetland Restoration Model.
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Ecological Society of America

Society of Wetland Scientists

Canadian Botanical Association
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1.  Steer, D., Fraser, L.H., Boddy, J. and Seibert, B. (2002) Efficiency of small constructed wetlands for subsurface treatment of single family domestic effluent. Ecological Engineering 18: 429-440.
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18.  Fraser, L., Turkington, R., and Chanway, C.P. 1993. The biology of Canadian weeds. 102. Gaultheria shallon Pursh. Canadian Journal of Plant Science 73: 1233-1247.

Articles submitted to refereed journals:

1. Steer, D. and Fraser, L.H. Cell-to-cell pollution reduction effectiveness of domestic treatment wetlands. Bioresource Technology.
2. Fraser, L.H., Bradford, M.E. and Steer D.N. Human appropriation and treatment of fresh water: a global hydrology model incorporating treatment wetlands. Ecological Engineering.
3. Steer, D., Aseltyne, T. and Fraser, L.H. Life-cycle economic model of small treatment wetlands for domestic wastewater disposal. Ecological Economics.
Book Chapter:

1. Keddy, P. and Fraser, L.H. (submitted) The Management of Wetlands for Biological Diversity, in Modern Trends in Applied Aquatic Ecology (Ed R.S.Ambasht and N.K.Ambasht).

Theses:

1.  Fraser, L.H. 1996.  Plant/animal interactions: the effects of invertebrate herbivory and productivity on plant community dynamics examined in outdoor microcosms and two North Derbyshire dales.  Ph.D. thesis.  University of Sheffield, Sheffield, England. 209 pages.

2.  Fraser, L.H. 1993. The influence of salal on planted hemlock and cedar saplings on northern Vancouver Island. M.Sc. thesis. University of British Columbia, Vancouver, B.C. 116 pages.

Proceedings, reports and abstracts (non-refereed):

1. Fraser, L.H., Keddy, P. and Bradford, M. 2000.  Future threats to freshwater wetlands. INTECOL 2000, Quebec City, Canada.

2. Keddy, P. and Fraser, L.H. 2000. Big is beautiful: an introduction to the world’s largest wetlands. INTECOL 2000, Quebec City, Canada.

3. Keddy, P. and Fraser, L.H. 1999. Four general principles for the management and conservation of wetlands in large lakes: the role of water levels, nutrients, competitive hierarchies and centrifugal organization.  Proceedings of SIL’98, Dublin, Ireland.

4. Fraser, L.H. 1997. The use of microcosms as an experimental approach to understanding terrestrial ecosystem functioning.  Proceedings of the COSPAR symposium, Birmingham, England.
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PRESENTATIONS:

1. Fraser, L.H. 2002 (July). Energy flow and the role of detritivores in grassland foodwebs. Seminar at Pymatuning, PA.

2. Fraser, L.H. and Steer, D. 2002 (June). Efficiency of single-family domestic treatment wetlands in Ohio. Oral presentation at SWS in Lake Placid, NY.

3. Karnezis, J. and Fraser, L.H. 2002 (June). Using the comparative screening approach to determine the effect of hydrology on the assemblage of wetland plants. Poster presentation at SWS in Lake Placid, NY.
4. Carty, S. and Fraser, L.H. 2002 (June). An Experimental Study of the Effectiveness of Four Wetland Plant Species for Wastewater Treatment. Poster presentation at SWS in Lake Placid, NY.

5. Fraser, L.H. and Steer, D. 2002 (July). Efficiency of single-family treatment wetlands in Ohio. Oral presentation at SWS in Lake Placid, NY.

6. Fraser, L.H. 2002 (April). Losing, using, and restoring wetlands: a global perspective. Seminar at Cleveland State University, OH.

7. Aseltyne, T., Steer, D. and Fraser, L.H. 2002 (April). The future of constructed treatment wetlands for the on-site disposal of domestic wastewater. Oral presentation at the GSA in Lexington, KY.

8. Visocky, S., Steer, D. and Fraser, L.H. 2002 (April). Performance of constructed wetlands for treatment of acid mine drainage in Ohio. Oral presentation at the GSA in Lexington, KY.
9. Steer, D. and Fraser, L.H. 2002 (April). Using wetlands to improve water quality in Ohio: expectations and reality. Oral presentation at the GSA in Lexington, KY.
10. Carty, S., Fraser, L.H. and Steer, D. 2002 (April). An experimental study of the effectiveness of four wetland plant species and community composition for wastewater treatments. Oral presentation at the GSA in Lexington, KY.
11. Carty, S., Fraser, L.H. and Steer, D. 2002 (March). An experimental study of the effectiveness of four wetland plant species and community composition for wastewater treatments. Oral presentation at the MEEC in Bowling Green, OH.
12. Karnezis, J. and Fraser, L.H. 2002 (March). The effect of hydrology and fertility on synthesized wetland plant communities. Oral presentation at the MEEC in Bowling Green, OH.
13. Patrick, L.B. and Fraser, L.H. 2001 (October). Energy flow and trophic dynamics: a shrew’s tale. Seminar at the University of Akron, OH.

14. Fraser, L.H. 2001 (November). Human appropriation and treatment of fresh water: a global model. Seminar at the University of Akron, OH.

15. Fraser, L.H. 2001 (October). Community assembly rules: towards wetland restoration. Seminar at Cleveland State University, OH.

16. Karnezis, J.P. and Fraser, L.H. 2001 (September). Effect of hydrology and fertility on synthesized wetland plant communities.  Oral presentation at the Woodlake Environmental Conference in the CVNP, OH.

17. Landaw, A., Phillips, A., Meder, T. and Fraser, L.H. 2001 (September).  The hydrology and water chemistry of a tamarack bog in the Bath Nature Preserve: towards enhancement and management.’ Poster at the Woodlake Environmental Conference in the CVNP, OH.
18. Fraser, L.H., Karnezis, J. and Keddy, P. 2001 (August). Effects of nutrients and hydrology on the assemblage of wetland plants: a comparative approach. Oral presentation at the Ecological Society of America meeting at Madison-Wisconsin.

19. Bradford, M.E., Fraser, L.H. and Steer, D. 2001 (April). The renewal of fresh water through treatment wetlands: a global model. Oral presentation at the spring AGU in Boston.

20. Aseltyne, T., Steer, and Fraser, L.H. 2001 (April).  Subsurface treatment of domestic wastewater using single-domicile constructed wetlands.  Oral presentation at the spring AGU in Boston.

21. Fraser, L.H. 2001 (March). Constraint models in ecology. Seminar at the University of Akron.

22. Fraser, L.H., Keddy, P. and Bradford, M. 2000 (August). Future threats to freshwater wetlands. Oral presentation at INTECOL 2000, Quebec City, Canada.

23. Keddy, P. and Fraser, L.H. 2000 (August). Big is beautiful: an introduction to the world’s largest wetlands. Oral presentation at INTECOL 2000, Quebec City, Canada.

24. Fraser, L.H. 2000 (April). World’s largest wetlands. Oral presentation at the University of Akron.

25. Fraser, L.H. and Keddy, P. 2000 (May).  Restoring wetlands: the prediction of plant community assemblages using relative competitive performance indices.  Poster at the University of Mississippi, USA.

26. Fraser, L.H. 1999 (October). The use of assembly rules toward restoration. Seminar at the University of Akron.

27. Fraser, L.H. 1999 (September). The dynamics of productivity. Seminar at Kent State University, USA.

28. Fraser, L.H. 1999 (March). The dynamics of productivity: effects of trophic structure, diversity and competition.  Seminar at the Mt. Allison University, Canada.

29. Fraser, L.H. 1999 (March). The dynamics of productivity: effects of trophic structure, diversity and competition.  Seminar at the Concordia University, Canada.

30. Fraser, L.H. 1999 (March). The dynamics of productivity: effects of trophic structure, diversity and competition.  Seminar at York University, Canada.

31. Fraser, L.H. 1999 (March). The dynamics of productivity: effects of trophic structure, diversity and competition.  Seminar at the University of Akron, USA.

32. Fraser, L.H. 1999 (February). The dynamics of productivity: effects of trophic structure, diversity and competition.  Seminar at the University of Eastern Illinois, USA.

33. Fraser, L.H. 1999 (February). The dynamics of productivity: effects of trophic structure, diversity and competition.  Seminar at the University of Kansas, USA.

34. Keddy, P. and Fraser, L.H. 1998 (August). Four general principles for the management and conservation of wetlands in large lakes: the role of water levels, nutrients, competitive hierarchies and centrifugal organization. SIL’98, Dublin, Ireland.

35. Fraser, L.H. 1998 (April).  Energy relations and ecosystem function.  Seminar at the University of Western Ontario, Canada.

36. Fraser, L.H. 1998 (April).  The force of energy in ecosystems.  Seminar at Carleton University, Ottawa, Canada.

37. Fraser, L.H. 1998 (March).  The force of energy in ecosystems.  Seminar at the University of Toronto, Canada.

38. Fraser, L.H. 1998 (January).  The relationship between primary productivity and two ecosystem properties: (1) trophic dynamics, and (2) diversity.  Seminar at the University of Alberta, Canada.

39. Fraser, L.H. and Grime, J.P. 1996 (June). The use of microcosms as an experimental approach to understanding terrestrial ecosystem functioning.  Oral presentation at the COSPAR meeting in Birmingham, England.

40. Fraser, L.H. and Grime, J.P.  1995 (January). Grassland succession in microcosms.  Oral presentation at the British Ecological Society Conference in Sheffield, England.

41. Fraser, L.H. and Grime, J.P.  1994 (August). The effect of removing herbivores from a high and a low productive plant community in a Derbyshire dale.  Poster at the Intecol Conference in Manchester, England.

42. Fraser, L.H., Turkington, R., and Chanway, C.P. 1993 (March). The influence of salal on planted hemlock and cedar saplings on northern Vancouver Island.  Oral presentation at the Pacific Ecology Conference in Bamford, B.C., Canada.

SYNERGISTIC ACTIVITIES
1. Co-chair of symposium entitled ‘World’s Largest Wetlands’ held at INTECOL 2000.

2. On the steering committee for the Ohio Academy of Science’s ‘The Ohio Environmental Science and Environmental Engineering Scholarship Program’.

3. The University of Akron representative for the Ohio Biological Survey.

4. Wetland ecology workshop educator at the Cuyahoga Valley Environmental Education Center.

5. Associate Editor of the Bulletin of the Geobotanical Institute ETH (2001-present).

6. Associate Editor of the Ohio Journal of Science (2002-present).

COLLABORATORS & OTHER AFFILIATIONS

Collaborators


David Steer (University of Akron), Mike Walton (Cleveland State University), Randy Mitchell (University of Akron), Peter Niewiarowski (University of Akron), Ferenc de Szalay (Kent State University), Tarun Mal (Cleveland State University), Paul Keddy (Southeastern Louisiana University), Kathie Owens (University of Akron), John Savery (University of Akron), Kathy Sparrow (Akron Public Schools).

Graduate and postdoctoral advisors

     M.Sc. advisors:
Roy Turkington and Chris Chanway, University of British Columbia


Ph.D. advisor:


J. Philip Grime, University of Sheffield


Postdoctoral advisor:
Paul Keddy, Southeastern Louisiana University

Graduate students

Completed:


Jason Karnezis (MSc. 2002, University of Akron).


Spring Carty (MSc. 2002, University of Akron).

In Progress:


Brian Patrick (Doctoral Student, Kent State University, 2000-).


Mark Bradford (Master’s Student, University of Akron, 2000-).


Tara Milleti (Master’s Student, University of Akron, 2001-).


Cameron Carlyle (Master’s Student, University of Akron, 2002-).


Christian Picard (Master’s Student, University of Akron, 2002-).


Erin Madson (Master’s Student, University of Akron, 2002-).


Larry Feinstein (Master’s Student, University of Akron, 2002-).
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