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Project Description
a)  Overview.   

Objectives of the new REU Site 

Environmental issues typically occur at the intersection of traditional disciplines such as 

biology, geology, economics, public policy and sociology, but many undergraduate students possess neither the tools nor the required interdisciplinary skills to effectively work together to address these complex issues.  A communications and expertise gap exists between students graduating in natural science and social science fields that impedes critical evaluation and resolution of environmental issues in the context of societal need.  We propose to fill this gap by establishing an REU Program--Interdisciplinary Watershed Studies at the College of William and Mary—that can operate as a gateway for access to environmental problems and problem solving.  The creation of an interdisciplinary environmental research program with a common theme will develop the students’ independence as scientists, increase environmental science literacy, and contribute to the educational development of undergraduates into environmental statespeople. 

Our objective is to attract outstanding undergraduate students to conduct summer research determining the history and impacts of watershed development in both natural and social scientific contexts, thereby creating an interdisciplinary framework for addressing real environmental problems.  The study area will encompass many watersheds near the College of William and Mary in southeastern Virginia.  Rapid residential and commercial development in this area involves the conversion of forest and agriculture lands, as well as displacement of traditionally low-income, rural residents to provide housing and facilities for middle to high income residents.  Local government decisions require best management practices to minimize environmental impacts, but there is little to no documentation of what the impacts are, and whether these practices are effective in mitigating them.  Students will live on campus and conduct directed research on the geology, hydrology, ecology, sociology and economics of these two watershed systems literally in their own backyard.  The goals for these students will include: a) data collection to test specific hypotheses and questions regarding development and environmental impacts; b) repeated communication between students working on the hydrologic, ecologic, sociologic, and economic aspects of this project; and c) an interdisciplinary synthesis of collected information to be distributed to local government agencies and press outlets.  In this process, students will not only develop 

data collection and interpretation skills within their disciplines, but will be required to 

communicate their findings to other researchers on the same project and to the broader 

public. 

The W.M. Keck Environmental Field Laboratory, opened in 2001, will serve as the staging area for the watershed research, providing field equipment, laboratory analytical equipment, research space, a GIS-equipped computer room, and a fully electronic seminar room for group discussions, lectures, and student presentations.  The cohort of students and faculty will make weekly presentations to discuss specific research projects and overarching environmental issues.  Watershed analysis provides a comprehensive approach to environmental instruction that strengthens the synergy between undergraduate research and education and enhances environmental literacy. 

Targeted student participants 

To fully understand their structure, function and management potential, watersheds 

ultimately must be considered from an interdisciplinary perspective.  So, for example, the 

decision to alter natural watershed function for the sake of development should be made on the basis of sound economic, scientific, and sociologic information.  Rather than targeting students from a narrow or exclusive academic focus, the proposed program in watershed studies will solicit student involvement from a broad academic range.  The proposed REU site will target exceptional undergraduate students with strong academic records in the natural or social sciences and an appreciation for the interdisciplinary nature of environmental issues.   

Rising junior and senior undergraduate students majoring in biology, geology, sociology, and economics and/or those with interests in environmental studies will be invited to apply to the REU program announcement.  That announcement will be posted electronically to departmental and environmental program contacts (department chairs, program directors, administrative assistants, directors of undergraduate research, and so forth) in schools from around the United States.  In addition, in the first year, we will also send hard-copy announcements of the programs to colleges and universities in the region (North Carolina, Virginia, Maryland, Pennsylvania) including two-year colleges, whose graduates then continuing their education at a four-year college would also be eligible.  Based on evaluation of how applicants heard about the project, we may discontinue the direct mailings after year 1.  We will make personal contacts at regional schools that have significant numbers of students from underrepresented groups and will send them program announcements directly.  Students majoring in different academic disciplines (biology, geology, sociology, economics) will have the opportunity to be mentored by a faculty member in their major. 

Intellectual focus 

Students must be made aware of science-society links (Bybee et al. 1992) through integrated or thematic approaches to organizing science education and research programs (Bybee et al. 1990; National Research Council 1993).   From scientific and societal standpoints, watersheds are fundamental analytical and management units (North et al. 1981; Kenney 1999; Born and Genskow 2001); from an educational perspective, watersheds can also form coherent pedagogical units.  Scientific studies of watersheds within socio-economic contexts can help link the natural sciences with emerging human needs and pressures.  Watershed research can be used as an instructional focus to train students in scientific inquiry and problem solving.  A combination of biophysical-science, social and economic information, and local knowledge (Born and Genskow 2001) can best inform the complex nature of environmental assessments and decision processes.   Students with an interdisciplinary background in watershed research are better prepared for decision-making in watershed management and policy issues.   

As a teaching opportunity, investigation of a specific research problem in a watershed 

context allows students to consider complex, real-world issues as a network of links among lands and waters, people and environment, communities and ecosystems (USEPA 1996).  For example, land development in watersheds throughout the United States proceeds at a rapid pace, but society.s understanding of the interplay among economic, environmental and social issues surrounding development lags behind.  Because environmental analyses must occur at the intersection of numerous disciplines, most undergraduates equipped with specialized training are not prepared to conduct them.  As educators of the next generation of scientists, we seek to design an undergraduate, environmental research program that is both accessible to the students and responsive to their level of academic inquiry.  The goal of such a research program should be to provide students the tools and experience to be environmental statespeople for their generation.  Further, since successful management of resources invariably involves partnerships among scientists and non-scientists (Margerum, 1999), we will present the REU program for watershed research in a truly interdisciplinary setting.  Watershed analysis will provide a comprehensive approach to environmental instruction that 

strengthens the synergy between science research and education (National Science Board 

1996). 

Organizational structure 

R.M. Chambers, Associate Professor of Biology and Director of the Keck Laboratory, will serve as Project Director for the proposed REU program.  Senior personnel will include G.S. Hancock (Assistant Professor of Geology), J.T. Roberts (Professor of Sociology) and R.L. Hicks (Assistant Professor of Economics).  These four professors will serve in the first iteration of the proposed REU program as faculty mentors for the 10 undergraduate research students.  In successive years, other faculty in natural and social sciences are anticipated to join and participate in the program (e.g., G.M. Capelli, and S.A. Ware, Professors of Biology).  Undergraduate work-study students will assist in the solicitation and processing of undergraduate applicants to the program.  R.H. Macdonald (Professor and Chair of Geology) will contribute time to serve as an internal program advisor.  As part of the evaluation plan, members of the Environmental Science and Policy Cluster at the College of William and Mary will serve as an REU program review panel.   

Timetable 

By March 2003 we will have developed a list of departmental contacts for biology, geology, sociology, economics and/or environmental programs from undergraduate schools around the country.  In particular, we will have developed a list of contacts from Hispanic and from historically black colleges and universities and personally contacted faculty from the HBCUs and local two-year colleges.  Announcements of the program will be posted electronically to all these contacts.  In addition, announcement of the REU program will be posted on our web site. 

Students selected for the program will come to the College of William and Mary during the two summer school sessions (~June.July) and be housed for 10 weeks on campus.  During the first week, students will participate in a series of orientation events.  By the second week, each student in consultation with their faculty mentor, with whom they will interact regularly, will develop a specific research question and experimental approach.  The following three weeks will be dedicated to starting the independent research project, with hypothesis testing and data collection.  To gain experience with public speaking and to obtain feedback, the students will present their project hypotheses and analytical approach to the entire REU program group during the fourth week.  Weeks 5-9 will continue data collection and analysis of the research project, with an increasing emphasis on analysis in the later weeks.  In the last week, students will present the results of their research to the William and Mary academic community in a formal, scientific conference format. 

A number of cohort activities throughout the summer are planned or anticipated.  First, the group of faculty and students will meet at night once each week to hear a presentation by a faculty member or visiting speaker.  Second, we have contacted the director of EPA.s Office of Water, Oceans and Watersheds (R. Wayland) and the director of Government Affairs at the American Geological Institute (D. Applegate) about our proposed REU program, and they have agreed to help convene an interactive session in Washington DC between our students and faculty and a diverse group of watershed experts.  Third, students will have the opportunity to travel to local community or government agencies during the summer to discuss watershed issues and present their research.  We are in contact with many stakeholders in the local watersheds (town and county planners, boards of supervisors, Virginia Department of Conservation and Recreation, Williamsburg Land Conservancy, Friends of the Powhatan Creek Watershed, James River Association, Center for Watershed Protection) who are interested in learning the scope of our work and in keeping informed of our results.  These stakeholders are aware that the watershed research program at William and Mary helps them identify the relevant environmental science and policy issues, the portions of the watersheds at risk, the sorts of action plans that can be developed to address those risks, and the effectiveness of those actions.  Student interaction with local interest groups will help them appreciate the context of their place-based studies.  Finally, because many of the student research projects are anticipated to require extra assistance to set up and/or monitor research sites, students and faculty often will work together.  These activities 

will allow students to understand the other projects being completed by the cohort, and to 

acquire an appreciation for the interdisciplinary nature of watershed analysis. 

After the students return to their respective home institutions for the subsequent fall 

academic semester, a watershed research listserv will be in place for communication amongst program participants and to track their progress.  Information on relevant regional conferences will be distributed to encourage students to present posters of  their research, with funds available annually for one student per faculty mentor to attend and present at a professional meeting.  Although the student research projects will be self-contained within the summer, individual students will have the opportunity to build on the summer's research to extend to a senior thesis or honors project (although this will not be required).   Also during the fall, program faculty will meet as a group and with the Environmental Science and Policy Cluster Board to discuss evaluations, make changes as appropriate, and plan the next year.s program.  In successive years, REU program announcements will be posted in January to begin the process of soliciting applications for research the following summer. 

Institutional commitment  

The Environmental Science and Policy Cluster at the College of William and Mary will 

support the proposed REU program by providing two summer research stipends for W&M students and money for supplies for all three years of the project ($21,000 total).  These two student participants in the watershed studies program will be in addition to the eight students annually for whom we are requesting support from NSF.  Also, the College of William and Mary will provide free housing for all ten students involved with the watershed project (eight students funded by NSF and two funded by the Environmental Science and Policy Cluster) ($31,200 total).   See attached letters of commitment from the Dean of the Faculty of Arts and Sciences and the Assistant Director of the Cluster (Supporting Documents).   

b)  Nature of Student Activities.   

From our perspective, for a summer research program to be successful, each student must be able to identify a research question, develop a hypothesis that can be tested within the time constraints of the summer, collect, analyze, and interpret data to determine an answer to the research question, then communicate results.  These four components of student research (Manduca 2001) are part of standard operating procedure across the natural and social scientific disciplines involved with the proposed REU program.  For interdisciplinary watershed studies, we will have students conducting research in environmental biology, hydrology, economics, and sociology.  Our goal is to attract outstanding environmental science students to our program who will conduct research in these different fields of inquiry with a common focus on the watershed as an investigative unit. 

Undergraduate students will need help posing specific research questions and testable 

hypotheses and will work closely with their advisor at this early stage of their research.  In addition, many undergraduates will need to learn the technical skills to use the required analytical equipment or to develop survey instruments.  The first two weeks of the summer research program, therefore, are critical to getting students prepared for learning and doing something new.  Concurrently, the mentor will help students plot a trajectory for their summer research experience in the following eight weeks that leads them from dependent learners to independent doers.  By placing students in environments where they must .think on their feet., mentors can move students out of the mold of being told what to do and into the pattern of taking charge of a research question. 

One of the most challenging tasks for students is the development of a research question that is relevant and tractable.  Our prior experience tells us that students lack the confidence that their powers of observation and inquiry are strong enough to frame a research question worthy of study.  We view training in the process of forming research questions as a major objective of the proposed REU, and will provide patient and mindful mentoring during the iterative process required to review and revise student attempts to develop a project. 

The mentor.s job, however, does not end after a few weeks of intense interaction with the 

student.  Throughout the summer research experience the needs of the students will change as they move through the different phases of their individual projects.  Mentors will be prepared for these changes, realizing that some students may accelerate to independence, whereas others may require closer supervision.  The reasons for slow advancement may be due to multiple causes, so the mentor will be ready to step in and assist when needed.  Students learn from their mentors.  Students also learn from each other.  Because the students in the proposed watershed studies program will be living and working together, the opportunities for both intellectual and social bonding should be great.  Discussions in laboratory, field, and casual settings will allow students to talk about their experiences and find common ground in their research approaches.  

During 2002, we began an interdisciplinary network of environmental monitoring of the 

College Creek and Powhatan Creek watersheds near the College of William and Mary.  We currently have faculty conducting research on hydrology and water quality of streams and lakes, indicator species of invertebrates in streams, and amphibian and reptile populations in lakes and adjacent wetlands.  Faculty research in these areas has spawned an assortment of undergraduate class projects, directed summer research and honor.s theses focused on watershed study.  We are using the scientific study of local watersheds together with socio-economic research to determine watershed status from an interdisciplinary perspective.  These data describe the current watershed conditions (a function of historical land-use decisions) that also are the antecedent conditions prior to the impacts of ongoing development.  Thus, we have in place a multi-indicator baseline of watershed status just as extensive development of land in the Williamsburg corporate limits is slated to begin.  This coming development, centered in the watersheds we are studying, will certainly spawn additional, smaller, satellite development in the catchments.  Based on the watershed monitoring program, we will have the rare opportunity to "watch", document, and quantify the specific environmental changes associated with upland development in the coming years. 

Our environmental monitoring network of local watersheds includes regular sampling 

for water quality in Lake Matoaka and in streams of the College Creek drainage basin 

(shown at left), and the adjacent Powhatan Creek drainage basin (not shown). 

By 2003 we will have a weather station functioning at the Keck Environmental Field 

Lab.  During 2002 we constructed five weirs with automated data collection to monitor 

catchment hydrology and water quality in different stream locations in our study 

watersheds.  At these same locations, we completed spot sampling for water quality 

analysis, both at regular sampling intervals and during storm events.  From each stream, 

we also completed an analysis of stream invertebrate assemblages, as these organisms 

frequently are used as indicator species for assessing stream health. 

Watershed monitoring will provide the foundation for directed student research in the REU program, and we will build on this existing environmental monitoring network.  As our information base on these watersheds has grown, we are able to address specific, hypothesis-driven research questions.   In biology, REU students can design projects determining the influence of water quality on fish distribution, community-level responses of fish and invertebrate communities to changes in water quality, the association between sediment type and benthic invertebrate community structure in coastal plain streams, and how upstream development alters nutrient availability downstream.  Our initial studies of amphibian and reptile distribution and behavior indicate some species are influenced by upstream development.  Over 1200 musk turtles are individually marked in Lake Matoaka, with information on sex, size, weight, and trapping locations available for use.  REU students can build on prior work and investigate what specific factors lead to changes in amphibian and reptile populations.   

Sediment cores have been collected and archived from the five major stream deltas into Lake Matoaka.  We are using the history of sediment deposition in concert with historical land use patterns in the surrounding watershed to reconstruct the trophic transitions in the lake from oligotrophic to its current hypereutrophic state.  Initial analyses of sediment cores indicate significant differences in sediment chemistry from the five deltas, suggesting historical differences in watershed land use and patterns of erosion and transport.  REU students may choose to conduct research that would be informed by any number of analyses of archived core materials and.depending on the research question.collection of additional cores (e.g., historical distributions of nutrients, organic matter and other chemical tracers; use of pollen indicators to determine land use change; sedimentation as a history of storm events and the historical ineffectiveness of erosion control structures on developed lands).  

Hydrologic investigations in these watersheds have focused on documentation of the 

streamflow changes induced by land use changes.  REU students could, utilize the existing data collection network to answer questions pertaining to changes in runoff characteristics, peak discharge, and baseflow that are produced by changing land use.  In addition, students may utilize existing and additional measurement sites to assess how effective Best Management Practices are in mitigating the typical streamflow impacts associated with watershed development.  With our field instrumentation capabilities, we can also collect water quality and streamflow data at a sufficiently high frequency to investigate variability in water quality within specific storm events. 

The social science disciplines will be incorporated into three lines of the proposed REU 

program that will take the project beyond the existing phases of environmental monitoring.  First, faculty and students in sociology and economics will examine the demographic, political, and economic factors shaping development in the College Creek and Powhatan Creek watersheds.  These two sets of analyses will generate overlays of social scientific information atop natural sciences data layers.  The analyses also will inform the development of policy-relevant proposals on practical alternatives to current development approaches, including reviews of .best practices. utilized in other development around the Chesapeake Bay and other sensitive watersheds.  These types of analyses take the proposed research beyond a simple academic exercise and examine the findings from a practical, applied perspective. 

Economic, political and legal systems often provide the basis from which watersheds are 

managed or developed.  These institutions provide laws regulating how land can be 

developed and the market forces that ultimately provide the incentives for the extent of 

development in a jurisdiction.  Without a proper balancing of environmental impacts, these same market forces can lead to too much development and environmental damage in the watershed, as has been observed in many locations throughout the country.  The challenge associated with combining market forces with environmental impacts is designing or modifying institutions that lead to a proper balance between our society.s needs, future society.s needs, and the integrity of our vital ecosystems. 

With regard to the watersheds in the proposed REU program, a number of critical questions in social science fields must be addressed.  How have past regulations and laws regarding property rights led us to the watershed status we view today?  Do people value these watersheds and ecosystems, and if so, why haven.t these values influenced development or land use patterns?  Do people know about the impacts of development on watersheds, and would this knowledge influence their choices that have impacts on the watershed (e.g., choice of residence, landscaping, water use).  Also, to design a policy approach that will work requires knowledge about people.s preferences for policies.  Are public policies (riparian greenways and parks) preferred to restrictions on their own use of private land? Clearly, to answer these questions requires a through understanding of the science of the watershed.  However, knowing something about people.s preferences and what motivates them when it comes to land use and regulation could have important repercussions for watersheds.  Students in sociology and economics will address these sorts of questions in their examination of watershed dynamics. 

Finally, the list of topics below summarizes the undergraduate research projects conducted in the last two years in the watersheds surrounding the College of William and Mary.  The W.M. Keck Environmental Field Laboratory opened in 2001 to support these field-based projects.  As the REU Program in Interdisciplinary Watershed Studies evolves at the College of William and Mary, we anticipate a broadening of research activities as new students and faculty are brought into the program.  At the same time, we expect that inquiry-based, undergraduate research will help to refine our understanding of watershed dynamics from a multi-disciplinary perspective. 

2002 

• Water quality of Lake Matoaka and its tributary streams in relation to upland 

development.  

• Development and water in Williamsburg, James City, and York Counties. 

• Historical patterns of watershed land use and trophic status of Lake Matoaka.  

• The distribution of a Gammarus near-pseudolimnaeus amphipod in Lake Matoaka 

tributary streams and the Chesapeake Bay watershed. 

• Population ecology and reproductive biology of a Gammarus near-

pseudolimnaeus amphipod. 

• Fish, fishing and eutrophication: a survey and analysis of Lake Matoaka.  

• The influence of distance and open water as potential modifiers of homing 

behavior in musk turtles.  

• Catchment hydrology in tributary streams of Lake Matoaka.  

• GPS survey of campus trail condition in the College Woods.  

• The relationship between fish distribution and water quality in streams of the 

College Woods.  

• Relationship between water depth and distribution of curly pondweed 

(Potomogeton crispus) in Lake Matoaka.  

• A comparison of hydrographs and water chemistry in basins of varying 

development in Williamsburg, VA. 

• The response of channel geometry to development in Williamsburg, VA. 

2001  

• Population ecology of musk turtles in Lake Matoaka.  

• Impacts of upland development on salamander abundance in downstream forested 

wetlands.  

• Quantifying the impact of urban runoff through a comparison of developed and 

undeveloped stream basins. 

• A population study of diamondback terrapins in Queens Creek.  

• The effect of land use change on water chemistry and suspended sediment in the 

Crossroads area, Williamsburg, VA. 

c)  The Research Environment.   

Students will conduct their research out of the W.M. Keck Environmental Field Laboratory.  The 5,500 sq. ft. facility includes a wet lab with a flow-through lake water system and numerous aquaria for research and demonstration.  An analytical lab houses two spectrophotometers, a freeze drier, a fluorometer, an autoclave, a muffle furnace, and 

assorted balances, drying ovens and other standard lab equipment.  A field equipment room includes three different sediment coring apparati, ISCO water samplers, numerous 

conductivity, oxygen, and pH meters, and gauging equipment for stream discharge 

measurements.  Three Trimble Geo-Explorer GPS units, two digital cameras, a digital video camera and hand-held radios are also available in the equipment room.  The 20-seat teaching room in the lab is used for lectures, presentations and demonstrations.  The computer room is loaded with Arcview GIS software, and a GIS technician is on staff at the Keck Lab to address student project needs.  The administrative wing of the lab houses a large-format poster printer for student presentations and includes a fully electronic seminar room with on-screen Internet access and teleconferencing capabilities.  Outside are canoes and john boats for lake/stream research.  Located on the shore of Lake Matoaka, the Keck Lab is both spatially and temporally situated to provide logistical support for the proposed watershed research program. 

In addition to its strong academic setting, the platform for a watershed-based REU program at the College of William and Mary has a unique environmental setting.  First, the campus is home to one of the oldest impoundments in the New World.Lake Matoaka.which is surrounded by the 600-ha College Creek watershed.  The lake was created a few decades after the original charter to the College in 1693.  Aside from its old age, however, the lake is similar in many respects to the thousands of impoundments that are found on the coastal plain and throughout Virginia.  In this sense, Lake Matoaka and its surrounding College Creek watershed  can be used a model system for examining the .downstream. impacts of upland development.   

The College Creek watershed has experienced a long and well-documented history of land use since colonial times, so that the current status of the watershed and lake as measured by environmental monitoring can be placed in historical context.  Current land use in the College Creek watershed includes land developed for the College of William and Mary and for housing projects.  A majority of the watershed, however, is second-growth forest owned by the College (the College Woods), providing students with ready access to the forests, streams and wetlands that dominate the watershed.  Of this area, the College has established approximately 150 ha as a Nature Preserve for recreation and research.   

From an ecosystem perspective, the College Woods includes habitat for two federally-listed threatened plant species (whorled pogonia and swamp pink) plus a number of .disjunct. species whose geographic distribution includes the Blue Ridge Mountains and isolated locations on the coastal plain.  Further, a number of the tributary streams to Lake Matoaka are essentially pristine, allowing their current status to be monitored relative both to future development and to more .disturbed. stream systems in the watershed and in the adjacent Powhatan Creek watershed.  For example, in the streams of Lake Matoaka are small populations of .least brook lamprey eels..known from only 15 streams in the state of Virginia.and large populations of a potentially new species of amphipod.  In short, the College campus includes a diverse assemblage of natural resources available for academic study. 

Finally, both the College Creek watershed and the adjacent Powhatan Creek watershed are dominated by second-growth forest, but developmental pressures associated with economic growth on campus and in the surrounding community are on the rise.  With human population in the Williamsburg region now well over 50,000 (representing a population doubling in fewer than 20 years), these pressures include construction of new academic buildings on campus, new housing developments surrounding the campus, and construction of a new town within the corporate limits of Williamsburg.  The .New Town. project, slated to begin construction in fall of 2002, will involve industrial and residential development of 130 ha of contiguous land in the College Creek and adjacent Powhatan Creek watersheds.  Thus, when considering the diverse and comprehensive impacts of development in the region, students working at William and Mary need to look no farther than their own backyard.  All the elements for interdisciplinary study of the impacts of upland development are accessible in the local College Creek and Powhatan Creek watersheds.  Because of the College commitment to environmental studies.implicit in the opening of the W.M. Keck Environmental Field aboratory.William and Mary is poised to take advantage of this opportunity. 

The proposed REU project director (R.M. Chambers) has extensive research experience 

working with undergraduates.  Over the past six years, first at Fairfield University and now at William and Mary, he has worked almost exclusively with undergraduates for summer research, averaging nearly four students per summer.  His publications in the field of wetlands biology, ecology and sediment geochemistry have included numerous 

undergraduate co-authors, half of whom have been women.  Further, in the last five years, he is author or co-author on 22 paper or poster presentations at regional and national scientific meetings; a total of 13 undergraduate co-authors were listed on these presentations.  The proposed project director knows how to get students introduced to and involved in research, and he encourages students to develop as independent scientists as their competence merits.  A majority of his students have gone on to graduate and professional training schools, and some students have gone on to work for environmental government and non-government organizations.   

G.S. Hancock also brings extensive experience in conducting research with undergraduates.  Over the past four years at William and Mary, he has worked exclusively with undergraduates in research, and has advised 19 thesis students, six of whom completed Honors projects.  His research with undergraduates has included a local watershed monitoring project geared toward understanding the impacts of development on small streams; this work is based on extensive field instrumentation.  Five presentations by undergraduates have been given at national and regional Geological Society of America and American Geophysical Union meetings.  He involves students in the whole spectrum of research, from developing hypotheses and the methods for testing them to writing and presentation of the finished research project.  Several students have gone on to graduate school, and many work in non-profit, governmental, and private environmental organizations. 

J. T. Roberts is Professor of Sociology and Director of William and Mary's undergraduate 

concentration and minor in Environmental Science and Policy.  His training includes six 

years of field research in Population Biology while an undergraduate at Kenyon College, for the Cleveland Museum of Natural History, in Santa Rosa National Park in Costa Rica, and for the Ohio Chapter of The Nature Conservancy.  He has adopted the model of  team-based undergraduate research in directing students during his ten years at Tulane University and in leading students in sponsored research since arriving at William and Mary in 2001.  All three of his books and  numerous articles and presentations are co-authored with students,  including a forthcoming book on environmental issues in Latin America,  co-authored with recent Tulane undergraduate Nikki Thanos.  Five undergraduate students worked with Professor Roberts during the summer of 2002, three on the social science aspects of the effects of development on watersheds of the Virginia Peninsula.  The team conducted a random phone survey of residents in the three local jurisdictions, and produced a report  "Development and Watersheds in Williamsburg: A Guide for Citizens and  Students," a draft of which is available at http://faculty.wm.edu/jtrobe.  The goal in these projects was to explain the factors affecting human decision-making that create environmental impacts, the subject of measurements by other students on their interdisciplinary teams.  Professor Roberts received NSF funding from 1993-1995 to study the "Social Roots of Environmental 

Damage: A World-System Analysis of Climate Change," and Department of Energy  

Funding 1994-1995 to study perceptions of hazards in chemical industry workers.   

R. L. Hicks is Assistant Professor of Economics at the College of William and Mary.  Prior to joining the Economics Department, he was Assistant Professor of Marine Science at William and Mary's Virginia Institute of Marine Science.  His research combines the human dimensions of environmental problems with best available scientific evidence to find workable real-world solutions.  His research and teaching methods involve including undergraduate students into ongoing research problems.  He has mentored a student for the Virginia Institute of Marine Science REU program and continues to serve on her honors thesis committee.  Her research should result in a peer reviewed publication in a leading environmental economics journal.  Similarly, Hicks works with a master's student in the School of Marine Science to examine how people's choices regarding shoreline protection in Chesapeake Bay might lead to degradation in wetland and other tidal habitats.  His students are actively engaged in research in the classroom on problems involving oyster reef restoration in the Chesapeake Bay and Stellar Sea Lions in the Pacific Northwest. 

The senior personnel on the project have worked together to consider how their different 

disciplinary expertise helps address environmental issues.  For example, three of the 

proposed REU program mentors (Chambers, Roberts, Hicks) currently team-teach an 

interdisciplinary, introductory course in Environmental Science and Policy.  In the course, the different perspectives on environmental issues are introduced and examined.  As a local case study, these faculty bring measurement of the impacts of development on the campus and the surrounding environment into the classroom for discussion and analysis.  In 2001 Chambers and Hancock directed summer student research in local watersheds as part of an interdisciplinary program funded by the National Council of Undergraduate Research, and in 2002 Chambers, Hancock and Roberts directed undergraduate research on Lake Matoaka and the surrounding watersheds (work funded by Virginia Environmental Endowment).  The faculty have worked together in a substantive way in the past and they will be working together both during the academic year and the summer on education and research projects. 

d)  Student Recruitment and Selection.   

By March 2003 we will have developed an email distribution list of administrative and 

faculty contacts for biology, geology, sociology, and economics departments plus (where 

applicable) environmental studies programs from undergraduate schools around the country. Announcements of the summer REU program for interdisciplinary watershed studies at the College of William and Mary will be posted electronically to all these contacts and will be posted on our web site. In addition, in the first year, we will also send hard-copy announcements of the programs to colleges and universities in the region (North Carolina, Virginia, Maryland, Pennsylvania) including two-year colleges and those schools with significant underrepresented enrollments. 

Interested students who contact us will complete an application online at our web site and 

will be asked to provide contact information, undergraduate transcripts, SAT scores, two 

letters of recommendation, and a description of why they wish to be involved with the 

interdisciplinary watershed research program.  A selection committee consisting of the 

project director, participating faculty, and the assistant director of the Environmental Science and Policy Cluster will review applications and rate the students.  We will contact the highly rated students both to discuss their interest in the program and to identify faculty mentors prior to their acceptance.  Interaction between faculty and students prior to acceptance in the program fosters a greater understanding of each other.s perspective, and hastens the identification of an independent research project once the student begins the summer research program.  Based on these discussions with highly qualified students and faculty mentors, we will send out letters of acceptance, and we expect that at least 50% of the acceptances will be sent to women.  To date, our watershed research program has been very successful at attracting women to research.  For example, in this past summer of undergraduate research at the new Keck Environmental Field Lab, 10 of the 14 participating students were women.  The attraction of highly qualified students from underrepresented groups may be more difficult, as the competition is keen for these students among REU sites.  The existing REU program at the Virginia Institute of Marine Science, however, has a explicit focus on attracting underrepresented groups to research, so we will use our contacts with the program 

director (Linda Schaffner) to build on that program.s success. 

e)  Project Evaluation and Reporting.   

Project evaluation will focus on two principal groups: a) student participants who complete the summer program to enhance their environmental science education and research and b) faculty mentors who are committed to continuously improving program design and delivery.  Formative, internal review of the program will be completed by the project director and participating faculty, by conducting oral and written evaluation with students during the fifth week and tenth weeks of each summer research session.  The mid-summer evaluation will address the students. perception of the program.what is working well, what is not working well, and what changes could be made.and determine student expectations for the second half of the program.  Students also will have the opportunity through the use of a drop box (monitored by the internal program advisor) to comment anonymously on issues of their concern (e.g., faculty-mentor interactions).  The end-of-summer evaluation will be completed to assess the outcomes of higher levels of thinking, students. understanding of major conceptual themes, and their ability to apply science understanding and approaches to addressing their research problems (Ellis 1995).  Using a written evaluation instrument, we will determine how the research experience influenced the students. scientific development, self-confidence and communications skills.  The students will identify their level of satisfaction with the various program goals (understanding the focus of the watershed program, learning techniques for inquiry and analysis, working with a student cohort, working with a faculty mentor, developing a research hypothesis, working independently on the research project, interpreting and presenting project results, integrating their work across natural and social scientific disciplines, sensing the challenge of science and their growth as scientists).   

The students also will be asked to provide written comments on how the program met their expectations for an undergraduate research experience.  The project director then will meet with program faculty to review program evaluations and assess program coordination and implementation strategies for subsequent years.  These meetings will help identify program needs, capture student and faculty reactions and assess their level of perceived value added.  To provide external program review, the project director will present the annual report and student evaluations to the Environmental Science and Policy Cluster (an independent board of W&M administrators and faculty) for their comments and suggestions for program improvement. 

As the program moves into subsequent years, students participating in the program will be tracked to determine their post-REU progress at their home institutions and after they 

graduate.  A listserv site will be established to create a communication network among 

project participants.  Relevant student accomplishments (presentations, publications, 

graduate school or professional career movements) will be documented and included in 

summative evaluation of the REU program.   

