Project Summary
Five years of support are requested to continue the highly successful Harvard Forest REU
Site Summer Research Program in Forest Ecology. The three primary goals of this program
are to:
•
•
•

Enhance the ability of students to undertake high-quality interdisciplinary research in a
collaborative, collegial environment;
Encourage students to link fundamental and applied issues in their research;
Cultivate the next generation of ecological scientists and educators that reflects the diversity of backgrounds and experiences of students in the United States.

The intellectual merit of the proposal is the involvement of students in a summer research program with a central intellectual focus on the ecology of invasive species. Through this common
focus, the students will learn how a single broad topic can be approached in depth from different
scientific directions and with a variety of methods and techniques. Students will interact with
each other and with leading scientists from many institutions, all of whom conduct research at
the Harvard Forest LTER site. Students and their mentors will conduct investigations on a diversity of taxa – from microbes to forest trees – using tools and techniques of genetic analysis, plant
and animal physiology, population biology, experimental terrestrial and aquatic community
ecology, and ecosystems analysis and modeling.
There are a wide variety of broader impacts of the Harvard Forest REU Site Summer Research Program in Forest Ecology. A diverse applicant pool is recruited, with a particular emphasis on students from cultural and ethnic groups that are traditionally underrepresented in scientific careers, Students from community colleges, smaller colleges, and geographically, ethnically
and culturally diverse educational institutions are all included among the applicants. Student participants come to the program from a wide range of educational backgrounds and research experiences, yet all profess an interest in scientific careers and many choose to pursue these careers
in graduate and professional schools, and in the public- and private-sector. Student research is
disseminated widely, as posters and oral presentations at regional and national scientific meetings and through publications in the peer-reviewed literature. Results from REU projects are also
used to inform decisions made by state and federal agencies and non-profit organizations such as
The Nature Conservancy that are interested in managing and controlling invasive species.
The Summer Research Program in Forest Ecology incorporates an ethics component that introduces students to issues involved in: advisor/advisee roles in both REU and advanced degree
programs; collaboration, data sharing, and intellectual property; experimentation on living organisms and experimental use of invasive species; the peer review and publication process; and relationships between scientific findings and environmental policy and advocacy. Ethical issues will
be addressed in facilitated workshops, group discussions, and focused seminars.
Annual and longitudinal formal program evaluations will systematically assess participants’ experiences in the summer research program, their persistence in scientific careers, and the impact
of the program on their career decisions. Particular attention will be paid to the experiences of
students from groups that are underrepresented in scientific careers.
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Harvard Forest REU Program in Forest Ecology 2005-2009
Multi-scale investigations of a forested ecosystem in a changing world
A. OVERVIEW
A.1. Objectives
Since its inception in 1985, when a
“I hope you know that the summer I worked with you at
single undergraduate worked on a
Harvard Forest was, and still is, the best summer I have
study of old-growth forests with David
seen. You really instilled a sense of self-confidence in me
R. Foster, the Harvard Forest Summer
that I thank you for."
--Sarah Martell, Greenfield Community College (now an
Research Program in Forest Ecology
Ada Comstock Scholar at Smith College)
has developed into a thriving and wellcoordinated program that is central to
our educational and research mission. With core support from an NSF REU site award (since
1993) and NSF REU supplements, and with additional funding from Harvard University and the
A. W. Mellon Foundation, the Summer Research Program has grown to nearly 30 students
mentored by over twenty faculty and senior scientists who together conduct research in ecology,
soil science, paleoecology, wildlife biology, conservation biology, and atmospheric sciences.
The research conducted by our REU students contributes substantially to long-term projects
supported by NSF’s Long-Term Ecological Research (LTER) program and DOE’s National
Institute for Global Environmental Change (NIGEC). Results of the summer research are
published by students as undergraduate theses and peer-reviewed publications, and students
present their results at regional and national professional meetings.
The overarching objectives of the program are to:
• Enhance the ability of students to undertake high-quality interdisciplinary research in a
collaborative, collegial environment;
• Encourage students to link fundamental and applied issues in their research;
• Cultivate the next generation of ecological scientists and educators that reflects the
diversity of backgrounds and experiences of students in the United States.
A.2. Targeted Student Participants
Our goal each year is to work with diverse students who have a wide range of educational
backgrounds and research experiences, and who profess an interest in scientific careers. We
recruit a diverse applicant pool with a particular emphasis on students from cultural and ethnic
groups that are traditionally underrepresented in scientific careers (demographic statistics on the
applicant pool are detailed in §D, below). We actively seek students from community colleges,
smaller colleges, and geographically, ethnically and culturally diverse educational institutions.
A.3. Intellectual Focus
Throughout its 100-year history the Harvard Forest has developed a unique research environment
that stresses historical approaches to ecological questions; integration across biological, physical
and social sciences; and a strong appreciation of the need to use basic research to address applied
problems in environmental studies, conservation biology, and natural resource and land use
policy. For the last two decades, a primary focus of ecological research at the Harvard Forest has
been on the response of forest communities and ecosystems to disturbances – both acute
catastrophic events such as hurricanes (Foster and Boose 1992, Boose et al. 1994, 2001) and
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chronic stressors such as nitrogen
deposition (Aber 1992, Aber et al. 1997,
2002, Aber and Driscoll 1997) and climate
change (Melillo et al. 2002) – that are
overlain on a millennia of human land-use
in New England (Aber and Driscoll 1997,
Foster et al. 1997, Foster and Aber 2004).
In the last several years, investigators at the
Harvard Forest have turned their attention
to another agent of disturbance – invasive
species. Major research efforts launched in
the last 5-10 years combine regional
Figure 1 – Ecosystem-level experiment on the impact of
surveys and historical reconstruction
an invasive insect, the hemlock woolly adelgid, on
(Orwig and Foster 1998, 2000, Kizlinski et
hemlock forests in Massachusetts. Here, Harvard Forest
al. 2002, Stadler et al. 2004) with
Woods Crew member John Wisnewski (center, with
experimental population biology (Von
chain saw) is girdling a hemlock tree (one of 40 girdled
Holle et al. 2004, Stinson et al. 2004) and
in a 30 × 30 m plot) to simulate the slow death caused by
community- and ecosystem-level
the adelgid. REU site PI Aaron Ellison (right) is holding
the leads to a sap flow sensor installed by REU mentor
manipulations (Fig. 1). We use these results
Nathan Phillips and high school student Adam Kran.
in collaborative projects with state agencies
Among other projects, trees were measured and mapped
and The Nature Conservancy to inform
prior to girdling by REU students Kelley Sullivan and
decisions regarding management and
Peter Bettmann-Kerson, and ant diversity was monitored
control of invasive species at local,
before and after girdling by REU students Chelsea
Kammerer-Burnham and David Díaz. This is one of
regional, and national levels.
several focal research sites for the 2005-2009 REU site
The intellectual focus of our REU Site
activities. Photo: Audrey Barker-Plotkin (7/20/2004).
Program (2005-2009) will be on the
ecology of invasive species. This focus provides students with an ideal opportunity to use a
broad range of research methods to tackle a topic of fundamental ecological and social
importance. All students involved in the summer research program will interact with each other
and with leading scientists studying a diversity of taxa, ranging from microbes to insects, aquatic
invertebrates, understory and weedy plants, and forest trees. They will learn tools and techniques
of genetic analysis, plant and animal physiology, population biology, experimental terrestrial and
aquatic community ecology, and ecosystems analysis and modeling. While being exposed to a
wide diversity of experimental systems and methodology, they will all be engaged in the general
issue of invasive species biology. Through a common focus on invasive species, the students will
learn how a single conceptual framework can be approached from many scientific directions and
with many methods, how collaborative research is conducted at a large scale, and how scientists
in diverse fields work together to engage common issues.
One example of a common focus is the impending loss of hemlock forests by an introduced
insect, the hemlock woolly adelgid, Adelges tsugae (McClure 1987, Orwig and Foster 1998,
Foster 2000). Eastern hemlock (Tsuga canadensis) is a late-successional species (Woods 2000)
that grows in dense stands inhabited by distinctive assemblages of animals and plants (Beatty
1984, Catovsky and Bazzaz 2000, Brooks 2001, Snyder et al. 2002, Tingley et al. 2002, Rankin
and Tramer 2002), and often grows adjacent to aquatic ecosystems. Hemlock’s physiology and
life-history create linked terrestrial and aquatic environments with unique biological (Catovsky
and Bazzaz 2000), biogeochemical (Jenkins et al. 1999), and physical properties (Hadley 2000).
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Adelgid populations increase rapidly after
initially infesting hemlocks and progressively
reduce foliage production (McClure 1991,
Colbert et al. 2002). These populations
undergo annual density-dependent
fluctuations that regulate adelgid
development, influence population
performance, and shape dynamics of hemlock
decline (McClure 1991). Heavy infestations
lead to tree mortality within 5-15 years
(Orwig and Foster 1998, 2000, Kizlinski et al.
2002, Orwig et al. 2002) and a subsequent
crash in adelgid populations. DensityFigure 2 – Spread of the hemlock woolly adelgid
independent factors, primarily temperature
within the range of eastern hemlock. Star indicates
(Parker et al. 1997, 1999), also influence
location of Harvard Forest. USFS data.
HWA survival and may limit its rate and
ultimate extent of range expansion. The Harvard Forest in north-central Massachusetts is on the
current invasion front of the adelgid (Fig. 2). Within the summer research program, we propose
to take advantage of this unfolding natural experiment to engage undergraduates in observational
and experimental studies (e.g., Fig. 1) that will lead to a detailed understanding of the ecological,
cultural, and policy impacts of an invasive species (see projects detailed in §B.1.).
A second example is provided by the invasion of forest understory environments by garlic
mustard Alliaria petiolata (Fig. 3). A large number of rare, threatened, or endangered species
occur in rich woods throughout New
England (Brumback and Mehrhoff
1996). Increased abundance and cover
of garlic mustard is associated with a
decline in the cover, relative densities
and/or absolute abundances of native
plants (Stinson et al. 2004), including
many of these rare species. Garlic
mustard may also reduce regeneration
of forest tree species (McCarthy and
Hanson 1998). Harvard Forest
researchers and REU students conduct
scientific studies on the genetics and
population biology of garlic mustard; its
impacts on forest plant and animal
Figure 3 – Garlic mustard has reached heavy levels of
infestation in the understory of many forests throughout New
communities; and collaborate with
England. 2003 REU student Luke Durbin participated in a
Nature Conservancy staff scientists to
study demonstrating both empirical and correlative evidence
use these ecological data to develop
that intermediate and high garlic mustard cover directly
management plans for full or partial
reduces species diversity and performance of native plants,
removal of garlic mustard and to test
including key hardwood tree seedlings. 2004 REU students
Cynthia Chang, Kelsey Glennon, and Marlon Ortega are
the effect of these management plans on
currently investigating demographic and evolutionary
the persistence of rare taxa.
processes related to the invasion process in this species.
Photograph: Krsitina Stinson.
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A.4. Administrative Structure
Administration and development of the Summer Research Program and REU site grant are yearround activities at the Harvard Forest that involve senior research scientists, administrators, and
research mentors. Senior scientists responsible for REU Site administration include: David
Foster, Director of the Harvard Forest; Aaron Ellison, Senior Ecologist at the Harvard Forest and
PI of the REU site grant; and Kathleen Donohue, Assistant Professor in Harvard’s Department of
Organismic and Evolutionary Biology and co-PI of the REU site grant. Additional senior
personnel who provide major coordinating roles include Edythe Ellin, Director of
Administration, responsible for oversight of program logistics, facilities use, personnel and
financial activities; and Information Manager Emery Boose and Network Manager Julie Pallant,
who coordinate computer facilities, database development, data archiving, and networking. Two
proctors work closely with the Director of Administration on the orientation program, field trips,
seminars and workshops, and housing. Beginning in 2005, we are augmenting our annual
surveys of the students with a more formal evaluation (see §E, below) directed by Maya Beasley
(Harvard School of Education). Co-PIs Ellison and Donohue and post-doc Kristina Stinson will
also develop a program on scientific ethics and ethics of ecological experimentation (detailed in
the Supplementary Documentation).
A.5. Timetable
A.5.1. Mentor Selection (October – February) – Mentors confirm their participation and submit
project descriptions in October. Senior research staff review new projects to ensure that they
conform to Harvard Forest research guidelines and that they fit within the intellectual focus of
the REU site program. Mentor selection is based upon past performance, project review by
senior staff, and available funding. By November, project descriptions are posted on the Harvard
Forest Summer Program web site (http://harvardforest.fas.harvard.edu/education/reu/reu.html),
which includes the application and detailed information about the program. In the spring,
mentors meet at the Forest to discuss successes and challenges of previous summers.
A.5.2. Student Recruitment and Selection (January–March) – The program is advertised widely
beginning in January, and selection process is complete by April 1. The recruitment and selection
process is described in detail in §D, below. The two resident advisors/assistant program
coordinators (proctors) are also hired during these three months.
A.5.3. Student and Program Preparation (April–May) – In April, accepted students receive: more
details about research projects; a list of papers read before the summer research program begins;
a tentative schedule of summer activities and deadlines; and a personal “welcome letter” from
the Director of Administration with detailed information regarding housing, meals, travel
information, and suggested personal gear. In May, the program coordinator contacts each student
to discuss individual travel arrangements and other specific questions.
A.5.4. Student Arrival, Accommodations and Orientation (Late May) – Students arrive over
Memorial Day weekend and are greeted by the proctors who provide room assignments and local
logistical information. Students are housed in one of two beautiful large colonial homes (Fisher
House or Raup House) situated on the Harvard Forest campus (see §C.4). Students participate in
a full meal plan, which is coordinated flexibly to enable mentors, staff and visitors to join
individual students or groups for discussions. Students participate in house committees
responsible for organizing local outings and field trips, and assist the Summer Program’s fulltime cook in after-meal clean up, composting, and recycling. The summer program begins with
two days of orientation including presentations by staff and mentors, safety and field skills
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training, and group meals. Students are taken on a tour of major field experiments; at each site
senior researchers provide overviews of each project. Lunches and an evening barbecue provide
opportunities for the students, staff, and mentors to become better acquainted.
A.5.5. Research (June–August) – Students are immediately incorporated into their mentors’
research groups and participate completely in developing and designing experiments, field
sampling, laboratory analyses, data entry and error checking, data management, statistical
analysis, and project discussions. Students broaden their exposure to other research areas and
techniques by spending some days working with other projects. More complete details on the
research program are provided in §B (NATURE OF STUDENT ACTIVITES), below. Mentors and
students meet at least weekly throughout the summer.
A.5.6. Education and Field Trips (June–August) – To enhance student exposure to diverse
ecological studies, we organize evening seminars with speakers including mentors, LTER and
NIGEC researchers, and visiting scientists (Table 1). Students read relevant papers and have
moderated discussion groups prior to most of the talks.
Table 1 – Seminars given in the Harvard Forest Summer Research Program (2002-2004)
John Aber (University of New Hampshire): Biogeochemistry of forest ecosystems (2004)
Anthony D’Amato (University of Massachusetts): Old-growth forests of southern New England (2004)
Kathleen Donohue (Harvard University): Seeds and the decisions they make (2002)
Richard Forman (Harvard University): Weaving spatial patterns and ecology (2002, 2003)
David Foster (Harvard Forest): Ecological and conservation insights from historical studies in New
England (2002-2004)
Missy Holbrook (Harvard University): How to be a leaf (2002, 2003)
Anne-Marie Kittredge (Massachusetts Department of Forestry): Management for biodiversity (2002)
David Kittredge (University of Massachusetts): Private forest owners and the landscape (2002)
Bill Sobczak (College of the Holy Cross) and Betsy Colburn (Harvard Forest): Stream invertebrates (2004)
Kristina Stinson (Harvard Forest): Invasive species (2003, 2004)
Steve Wofsy (Harvard University): Forests and the global carbon cycle (2002-2004)

In addition, six evening workshops focus on professional development (how to do literature
searches; experimental design and analysis; choosing and applying to graduate school; preparing
scientific talks and papers) and field skills (tree and plant identification). Throughout the summer
students take group field trips to Boston and Cambridge, the White Mountains, the Atlantic coast
including Acadia National Park and Cape Cod, the Connecticut River Valley, and other
locations. Group activities and educational field trips are detailed in §B.3, below.
A.5.7. Annual Student Symposium (Mid-August) – The capstone experience for the students and
a highlight of the summer research program is the Annual Student Symposium in which research
results are presented (abstracts from previous student symposia are available on-line at
http://harvardforest.fas.harvard.edu/publications.html/). This daylong event follows the format of
a regular scientific conference; each student has 10 minutes for formal presentation followed by
5 minutes for questions and discussion. Abstracts along with supporting figures and tables are
published in a bound booklet that is distributed to students, mentors, research staff and visitors.
The abstracts are permanently archived on the Harvard Forest web site.
A.5.7. Project Wrap-up and Data Management (August - Early September) – The Harvard Forest
has one of the largest and most temporally extensive permanent archive of ecological data in the
world (http://harvardforest.fas.harvard.edu/data.html). At the end of the summer, students
incorporate all their REU project results into this archive. For their independent projects students
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are required to include data management in their project design and to meet with their mentor
and the Information Manager to insure compatibility with Harvard Forest standards, including
development of metadata in ecological metadata language (EML). Soil and water samples, tree
cores, and dried plant material are housed in the Sample Archive.
A.6. Institutional Commitment
The REU Site Program is a central educational and scientific activity of the Harvard Forest and it
receives substantial commitment in terms of financial support, intellectual engagement, and
human energy from Harvard University and the community of researchers working at the Forest.
In support of the REU Site Program, Harvard University commits resources at least equal to the
annual REU funding through staff participation, laboratory and field equipment and facilities,
vehicles, and support of additional undergraduate students. The Forest research staff provides
significant time and energy by acting as mentors and advisors to program participants. The
Director of Administration spends approximately two months a year ensuring room, board,
orientation, vehicles, seminar and workshop logistics are addressed in a timely manner. Two
live-in proctors are hired to oversee housing and other logistics and a full-time cook and a parttime cook’s assistant to provide meals. Students use Forest vehicles for research and educational
activities including local outings and field trips. The core funding from NSF for the REU Site
Program also leverages other non-federal funding that supports post-college, graduate and
international students who enhance the research environment for all program participants.
B. NATURE OF STUDENT ACTIVITIES
A fundamental goal of the Harvard Forest Summer Research program is to enhance the
ability of students to undertake high-quality research in a collaborative, collegial
environment. The Harvard Forest Summer Program in Forest Ecology is structured to
incorporate undergraduates into existing collaborative research groups comprised of mentors
(faculty and senior scientists), post-doctoral researchers, graduate students, research assistants,
and other personnel. Students participating in these collaborative groups are involved fully in the
development and execution of research projects on the cutting edge of ecological research.
Examples of these collaborative projects are detailed in the next section; mentors are detailed in
§C.3. At the same time, we encourage students to develop independent projects that reflect their
own interests and observations. Discrete components of larger projects can be completed within
a single field season, while many projects develop into senior honors theses or long-term
collaborative relationships with their peers and mentors.
B.1. Examples of Research Projects for the 2005-2009 REU Summer Research Program
B.1.1. Ecophysiology
Impact of hemlock woolly adelgid on water relations of mature eastern hemlock – Students will
evaluate the degree to which impacts of hemlock woolly adelgid are concentrated in, versus
distributed among, roots, stems and branches, and/or leaves of infested eastern hemlock trees.
This project will provide critical insights into how the adelgid compromises water transport.
(Mentors: Holbrook & Phillips)
B.1.2. Population biology
Source-sink dynamics and the invasiveness of garlic mustard in New England forest understory –
Students will investigate how basic demographic processes contribute to the invasiveness of
plant species by participating in experimental manipulations of metapopulations, reciprocal
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transplants, and observational and experimental studies of the demography of garlic mustard.
(Mentors: Stinson & Donohue)
Demography and natural selection within and among invasive plant populations – Students will
investigate how plant physiology and life history variation interact with historical factors to
determine patterns of plant invasion at landscape and regional scales. (Mentor: Stinson)
Ecological genetics of germination in weedy mustards – Students will learn how to apply
classical and quantitative genetics to ecological issues by experimentally characterizing the
genetic basis and population demographic consequences of germination responses of invasive
plants to seasonal cues. (Mentor: Donohue)
Population dynamics and range expansion of hemlock woolly adelgid – Students will learn
ecological sampling techniques and demographic analysis by gathering data on adelgid
abundance, survival, fecundity and spatial distribution. These data will be related to hemlock
growth, and historical weather and adelgid population data gathered by former REU students and
senior researchers staff at the Harvard Forest. (Mentors: Costa, Elkinton, Paradis)
B.1.3. Paleoecology
Reconstructing ecological changes associated with past invasions – Students will use the
palynological record to explore the effect of climate change on invasions, spatial and temporal
changes in forest community composition, interactions between compositional, changes and
disturbance, and impacts of forest invasions on aquatic ecosystems. (Mentors: Oswald & Foster)
B.1.4. Community ecology
Disassembly and reassembly of ant communities in degraded hemlock stands – Students will
explore how competitive interactions among ant species constrain the composition of ant
assemblages in hemlock forests with different degrees of adelgid damage. (Mentor: Ellison)
Association of invasive plant species with historical and present-day land-use – Students will
evaluate factors that control variation in the distribution and abundance of invasive vascular
plant species across Massachusetts. (Mentor: Motzkin).
Disturbance, forest canopy structure and ecological succession –Students will learn ecological
modeling by mapping forest canopies, modeling light interception, and developing simulation
models of forest succession to predict the impact of the adelgid on of forest stands with different
species composition and at different successional stages. (Mentor: Moorcroft)
Aquatic community and ecosystem dynamics following hemlock decline – Using leaf packs,
colonization experiments, and well fields students will test hypotheses that hemlock loss caused
by the adelgid alters: stream hydrologic, thermal, and light regimes; autochthonous production;
allochthonous inputs; microbial metabolism and organic matter fluxes; macroinvertebrate
biomass, diversity, and functional feeding groups. (Mentors: Colburn & Sobczak)
B.1.5. Ecosystem dynamics
Soil carbon cycling in invaded forest stands – Students examine soil carbon cycling and efflux of
CO2 from the soil following experimental treatments in hemlock stands (girdling [Fig. 1] or
logging) and/or infestation of hemlock woolly adelgid. (Mentors: Davidson, Savage)
Nitrogen cycling in invaded forest stands – Students will determine how nitrogen cycling and
availability change as hemlock declines and disappears from forests invaded by hemlock woolly
adelgid or harvested in pre-emptive salvage operations. (Mentor: Orwig)
Carbon and water dynamics of hemlock and deciduous forests – Students use eddy covariance
and microclimatic data from two strongly contrasting forest types within the Harvard Forest to
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estimate carbon storage, water use (evapotranspiration) and the ratio of C storage to water use in
the two forest types, reflecting expected changes when hemlock forests are replaced by
deciduous forests following adelgid infestation. (Mentor: Hadley)
Ecosystem response to invasion by the nonnative nitrogen-fixing tree, Robinia pseudoacacia –
Students examine vegetation, carbon, and nutrient dynamics in invaded and uninvaded forests of
Cape Cod National Seashore. (Mentor: von Holle)
B.1.6. Intersection of forest ecology and policy
Knowledge and perception of invasive species: implications for limiting or controlling their
spread – Like most eastern states with little federal land, more than 75% of Massachusetts
forests is owned by thousands of private families and individuals. The actions of private owners,
individually or collectively, can have a significant impact on the spread of invasive species
through these forests. Students will use standard social science survey techniques to assess
knowledge and perceptions of invasive species, attitudes towards spread and control, determine
control actions undertaken by owners. (Mentor: Kittredge)
B.2. Seeing Research Through to Publication
Research is not completed until it is published, and a happy outcome of summer research is to
mentor students in projects that ultimately are published in the peer-reviewed scientific literature.
Publication not only trains students in the fundamental skills of interpreting and communicating
results of research, but also provides them with a sense of accomplishment and may encourage
them to pursue research in the future. Not all summer projects are suitable for publication,
however, and not all students wish to carry all research activities to the point of publication.
Although we have an enviable track record in publishing with undergraduates (see §F, below),
there are inherent challenges in publishing results of REU projects.
The limited time available for research and the inexperience of student researchers in many of
our targeted populations are the primary challenges. When students have little or no research
experience, and when their time is limited to the summer session, it is most helpful to incorporate
them into a larger research project that is already underway and to identify a component of this
project for which the student has primarily responsibility. The successful execution of the focal
component by the student is likely to lead to a co-authored publication by the mentor and the
student(s). In contrast, when students have more research experience they may be able to develop
a project more independently. Ironically, the results from one summer’s research on a completely
independent project are less likely to result in publication, but the student can develop the project
in the future, often as a senior thesis. We find these activities just as valuable as those that result
in formal publication, and we promote the development of independent research skills.
B.3. Group research and educational activities
Science is a collective, collaborative activity, and we seek to develop both students’ sense of
independence as researchers and their abilities to work in groups. To foster a sense of group
participation and collaboration, we will organize a series of group activities. We discussed the
weekly symposia, discussion groups, and informative workshops and field trips for students
(§A.5.5, above). To these, we will add one all-REU research activity and one field trip.
B.3.1. All-REU research activity – An ongoing research effort to monitor population and metapopulation dynamics of invasive species at the Harvard Forest provides an opportunity for largescale collaborative research conducted by the students. Beginning in 2005, we will institute an
annual “mustard sweep” of the Harvard Forest during which we will map the location and extent
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of invasive plant species, with an initial focus on garlic mustard. Through this exercise, the
students would learn together, early in the summer, basic skills of orientation, sampling,
mapping (GIS), and quantification.
B.3.2. Field trip to Cambridge – Students have the opportunity to take advantage of Harvard
facilities in Cambridge and to meet and interact with faculty there who could become graduate
advisors. Co-PI Donohue will organize a group trip into Cambridge so that students can meet
faculty at Harvard, and view the museum collections in the Harvard University Herbaria and the
Museum of Comparative Zoology that house the basic biological diversity data necessary for
informative fieldwork. Students will learn how museum collections are used to garner historical
data on invasive species and current data on geographic and genetic variation in these species.
B.3.3. Careers workshop at the Institute of Ecosystem Studies – Students will continue to travel
to the Institute of Ecosystems Studies (IES) in Millbrook NY in July to attend a highly effective
workshop on careers in ecology led by Dr. Alan Berkowitz. IES and Harvard Forest have many
commonalities in research, educational programs, and institutional structure, and this cooperative
interaction through the REU program has been an important collaboration over the past seven
years. The focus of the workshop is on non-academic career opportunities for ecologists.
C. THE RESEARCH ENVIRONMENT
C.1. The Harvard Forest
The Harvard Forest is a department in the Faculty of Arts and Sciences at Harvard University,
and has a three-part mission of education at the undergraduate and graduate level, research, and
public demonstration. The Summer Research Program is a central part of this educational
mission; the institutional commitment to this program was described in §A.6, above.
C.2. Principal Investigators
The PIs bring a combined 35 years of sustained commitment to undergraduate education, and a
combined 17 years to the Harvard Forest REU program. PI Aaron Ellison taught for 13 years at
Mount Holyoke College before joining the Harvard Forest as a Senior Ecologist in 2002. He
mentored 30 undergraduate honors projects (all women) at Mount Holyoke, including several
who conducted their research as part of Harvard Forest Summer Research Programs, and has coauthored 11 papers with undergraduates. Since arriving at Harvard, he has mentored 8
undergraduates (including 1 Hispanic-American, 1 Asian American, 1 Pacific Islander, and 3
women) in the REU program. Co-PI Kathleen Donohue has mentored 15 undergraduates (10
women, one African American) in research and sponsored seven undergraduate honor’s theses (5
women), and two of her female students have won prizes for their work. Since coming to
Harvard, she has mentored 3 undergraduate participants in the Harvard Forest REU summer
program. She has co-authored four papers with undergraduates and has two more in review.
C.3. Mentors
In the last three years, 73 faculty and senior staff have served as mentors, 45% (33) female and
55% (40) male. Individuals who have already expressed their willingness to serve as mentors
during 2005-2009 are listed in Table 2. In addition to a diverse background in ecological
sciences and a wide range of educational and research experience, these individuals bring a
strong commitment to undergraduate education and to student career development. As an LTER
site, the Harvard Forest Summer Program attracts mentors from many institutions.
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Table 2 – Prospective mentors for the Harvard Forest Summer Research Program 2005-2009
Prospective Mentor

Institution

Expertise

Betsy Colburn

Harvard Forest

Aquatic Ecology

Scott Costa

University of Vermont

Insect Ecology

Eric Davidson

Woods Hole Research Center

Ecosystem Science

Kathleen Donohue

Harvard University

Population Biology & Genetics

Aaron Ellison

Harvard Forest

Community Ecology & Statistics

Joe Elkinton

University of Massachusetts

Entomology

David Foster

Harvard Forest

Community Ecology & Paleoecology

Julian Hadley

Harvard Forest

Ecophysiology & Ecosystems

N. Michelle Holbrook

Harvard University

Plant Physiology

David Kittredge

University of Massachusetts

Forest Policy

Annie Paradis

University of Massachusetts

Entomology

Nathan Phillips

Boston University

Ecophysiology

Paul Moorcroft

Harvard University

Mathematical/Computer Modeling

Glenn Motzkin

Harvard Forest

Plant Ecology & Floristics

David Orwig

Harvard Forest

Forest Ecology

Wyatt Oswald

Harvard Forest

Paleoecology

Kathleen Savage

Woods Hole Research Center

Ecosystem Science

William Sobczak

College of the Holy Cross

Aquatic Ecology

Kristina Stinson

Harvard Forest

Population Biology & Genetics

Betsy von Holle

Harvard Forest

Community Ecology

Steve Wofsy

Harvard University

Atmospheric Science

C.4. Facilities
As a result of the nearly 100-year history of research, current LTER and NIGEC studies, and a
bibliography of over 1500 scientific papers, the Harvard Forest provides an ideal setting for a
REU program. Physically, the Forest is unusually complete as a base for education and
experimental research in forest ecology, ecosystems sciences, paleoecology, experimental plant
biology, and biosphere-atmosphere interactions. The main complex consists of Shaler Hall, the
Torrey Laboratories, and the Fisher Museum. Shaler Hall (1,400 m2) contains offices, research
laboratories, a seminar room, a 23,000-volume library and dining facilities for 40 people.
Common research space includes a darkroom, graphics and mapping room, computer and GIS
labs, and laboratories for microscopy, paleoecology, dendrochronology, and morphological
studies. The 400 m2 Torrey Laboratory includes offices, physiology and nutrient analysis
laboratories, two newly renovated research greenhouses, and a large headhouse. Equipment
includes two fume hoods, gas chromatograph, Lachat autoanalyzer, Fison CHN analyzer,
nanopure water supply, balances, and drying ovens. The Harvard Forest Archives (200 m2)
includes 100 years of paper and electronic data on the land area and research activities, the
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sample archive, walk-in freezer and refrigerators for cold storage, stereoscopes and zoom
transfer scopes for air photo analysis, and three office/laboratories. All laboratories and facilities
are available for student use.
The Harvard Forest, in partnership with NSF, has devoted major resources to providing excellent
housing and eating facilities, computer access and social and recreational opportunities for REU
students. Students are housed in Fisher House and Raup House, two colonial homes first
renovated in 1998 with NSF-FSML support that provide rooms (singles to triples), work and
social areas for up to 35 students plus the proctors. With support from an NSF-LTER
supplement, both houses were fully wired (T-1) for Internet access. The Summer Program cook
utilizes the commercial grade Shaler Hall kitchen to prepare supper five nights a week and
provides groceries for meals and snacks for the balance of the week. Visiting researchers and
staff often share meals with the students and may participate (at cost) in the meal plan. Fields and
playing courts, ponds, streams, and over 35 miles of trails are available for general recreation.
D. STUDENT RECRUITMENT AND SELECTION
D.1. Who Do We Recruit And How Do We Recruit Them?
Harvard Forest aggressively and successfully recruits a highly qualified, ethnically, culturally
and economically diverse pool of applicants and participants for the Summer Research Program.
A large proportion of our students are from groups that are underrepresented in scientific careers,
or attend small, liberal arts and non-research colleges or community colleges. We have expanded
our recruitment methods beyond traditional poster advertisements and targeted mailings to
include the internet. These tools allow us to reach out to new and non-traditional groups and to
increase the number, diversity and quality of our applicant pool. Through these recruitment
strategies, our applicant pool has nearly doubled, from 98 individuals in 2001 to 176 individuals
in 2004, and the number of minority applicants has increased steadily (Table 3). During the most
recent REU-site funding period (2002-2004), our applicant pool has included approximately 15%
applicants who identify themselves as being members of a minority group (African American,
Hispanic, Native American, or Native Pacific Islander). Asian Americans comprise an additional
~6% of the applicants. We note that the number of applicants who decline to identify their
ethnicity has increased by a factor of 5, to 24% in 2004 (Table 3). Our applicant pool is twothirds female, a proportion that reflects gender biases in enrollments in ecology and
environmental studies courses in U.S. colleges and universities. Nearly 50% of our applicants are
freshman and sophomores, and approximately 40% attend community colleges, tribal colleges,
and non-research 4-year liberal arts colleges.
Every November, we mail program information (posters and applications) to thousands of
institutions, department chairs, faculty, and student organizations with relevant undergraduate
programs nation-wide. In emailing and mailing recruitment materials (posters and applications),
we pay special attention to reaching small teaching (non-research) colleges, and to colleges with
students who are under-represented in graduate studies and ecological careers. Thus, we email
and mail materials to all the community colleges located in New England and New York, all
UNCF and affiliated schools, all tribal colleges and dozens of schools serving primarily under
represented groups. In addition, we work closely with Dr. Carl Walker, Assistant Director for the
UNCF/Mellon Programs to advertise our program including the development of mailings to
science faculty and departments of UNCF constituent and affiliated institutions. We also send
our recruitment materials to dozens of college career centers to attract the attention of students

C-11

who are not majoring in biology, ecology, or environmental studies. Our surveys of applicants
indicate that the majority of our applicants learn about our REU program from individual faculty
members or career counselors (28%), the Internet (25%), or the NSF/REU web site (22%).
Table 3 – Demographic statistics of applicants to the Harvard Forest Summer Research Program

TOTAL APPLICANTS

2002
136

2003
204

2004
176

Three-year total
516

36
100

(27%)
(73%)

68
136

(33%)
(67%)

67
109

(38%)
(62%)

171
345

(33%)
(67%)

Freshman
Sophomore
Junior
Senior

25
48
38
21

(18%)
(35%)
(28%)
(15%)

30
55
80
37

(15%)
(27%)
(40%)
(18%)

30
55
64
27

(17%)
(31%)
(36%)
(15%)

85
158
182
85

(16%)
(31%)
(35%)
(16%)

Small colleges
Large universities

86
46

(63%)
(35%)

78
120

(38%)
(59%)

92
73

(52%)
(41%)

256
239

(50%)
(46%)

7
(5%)
7
(5%)
1 (< 1%)
1 (< 1%)
11
(8%)
102 (75%)
7
(5%)

4
12
1
2
2
170
13

(2%)
(6%)
(<1%)
(1%)
(1%)
(83%)
(6%)

9
15
0
1
18
91
42

(5%)
(9%)
(0%)
(<1%)
(10%)
(52%)
(24%)

20
34
2
4
31
363
62

(4%)
(7%)
(<1%)
(1%)
(6%)
(70%)
(12%)

Male
Female

African-American
Hispanic
Native American
Pacific Islander
Asian
Caucasian
Did not identify

D.2. Student Selection
The selection process begins with all mentors examining the nearly 200 annual applications for
our 12 REU positions. Applications include a statement of undergraduate experience and interest
in the summer research program, college transcripts, two written recommendations, and a resume
that allow us to match student interest closely with mentors. The Director of Administration
works with mentors to develop a list of students to interview that balances research needs with
one of the central goals of our REU program: to cultivate the next generation of ecological
scientists and educators that reflects the diversity of backgrounds and experiences of
students in the United States of producing a group that is diverse in educational and
personal background.
In mid- to late March, mentors interview highly ranked applicants in person, by telephone, or in
rare cases using electronic mail (only if applicants are overseas or otherwise unreachable by
telephone). During these interviews, mentors provide students with additional detailed
descriptions of the research opportunity, complete background on the program, and answer
questions. Based on these interviews and following further consultation with the PIs and the
Director of Administration, mentors offer positions to students. These offers normally are
tendered by April 1st. Over the past twelve years our acceptance rate for positions has exceeded
80%. The demographics of the student participants (Table 4) reflect almost exactly the
demographic characteristics of the applicant pool, except that the sex ratio of the participants is
less female biased than the sex ratio of the applicant pool, and we have successfully recruited a
greater proportion of Hispanic students than their proportion in the applicant pool.
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Table 4 – Demographic statistics of participants in the Harvard Forest Summer Research Program. Core
funding for the Harvard Forest REU Site and REU Supplements to existing NSF grants supported > 50% of
the students (15, 16, and 19 students respectively) in 2002, 2003, and 2004. The remaining students were
supported by funds provided by the A. W. Mellon Foundation-United Negro College Fund program, and by
work-study and faculty-aide funds from Harvard University.
TOTAL PARTICIPANTS

2002
20

2003
33

2004
26

Three-year total
79

9
11

(45%)
(55%)

15
18

(45%)
(55%)

11
15

(42%)
(58%)

35
44

(44%)
(56%)

3
7
9
1

(18%)
(35%)
(28%)
(15%)

3
11
12
7

(9%)
(33%)
(36%)
(21%)

2
8
10
6

(8%)
(31%)
(38%)
(23%)

8
26
31
14

(10%)
(33%)
(39%)
(18%)

Small colleges
Large universities

9
11

(45%)
(50%)

14
19

(42%)
(58%)

12
14

(46%)
(54%)

35
44

(44%)
(56%)

African-American
Hispanic
Native American
Pacific Islander
Asian
Caucasian

0
1
2
0
1
16

(0%)
(5%)
(10%)
(0%)
(5%)
(80%)

1
4
0
2
2
24

(3%)
(12%)
(0%)
(6%)
(6%)
(83%)

0
4
0
0
2
20

(0%)
(15%)
(0%)
(0%)
(8%)
(77%)

1
9
2
2
5
60

(1%)
(11%)
(3%)
(3%)
(6%)
(76%)

Male
Female
Freshman
Sophomore
Junior
Senior

E. PROJECT EVALUATION AND REPORTING
The evaluation of the Summer Research Program will consist of two principal components: a
comprehensive review of the experiences and outcomes of past program participants (19932004); and thorough tracking and analysis of participants and outcomes for the new grant period
(2005-2009). Maya Beasley, a sociologist at Harvard with expertise in career paths and choices
of minority students will conduct the evaluation.
E.1. Comprehensive Review of Experiences and Outcome of Past Participants
The main objectives of this review are to explore impacts the summer program has had on
students' persistence in ecology and other sciences and to identify specific areas that need
emphasis in the 2005-2009 evaluations. Since 1993, we have conducted formal evaluations of
students each year, and have informally tracked student progress; the results from these
evaluations will be collated into a single data set and used in a series of quantitative analyses.
Areas of particular interest include the persistence of students in scientific disciplines, student
relationships with mentors, and program satisfaction. This evaluation will consider carefully
impacts of race, gender, and type of undergraduate institution.
E.2. Tracking and Analysis of Participants in the 2005-2009 Grant Period
This portion of the evaluation will systematically monitor and assess participants' program
experiences and persistence in science. Data will be gathered at four points annually. First,
students will complete a short survey upon their arrival at Harvard Forest to determine how they
were recruited, their expectations of the program, goals for the summer, and their educational
and occupational aspirations. Second, students will be administered a mid-summer survey
focusing on their experiences up to that point. Questions will probe whether the program is
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meeting their expectations; their satisfaction with each major element of the program (i.e.,
mentors, field trips, independent studies); their interactions with faculty, staff, and other student
participants; and changes that could improve their experiences. At the conclusion of each
summer, students will complete a third survey containing follow-ups to the questions in the first
and second surveys. These will be supplemented with individual interviews conducted by the
evaluator to examine students’ survey responses and to provide them with an opportunity to
discuss in detail their experiences and specific aspects of the program. The interviews will be
semi-structured; each student will be asked a series of open-ended questions based on several
broad themes and informed by survey responses and provided the opportunity to discuss any
other topics they feel are relevant. This design allows the evaluator to delve into new topics that
arise during the interviews and to follow up on compelling responses (Neuman 2003). Interviews
will explore students' relationships with their mentors; how, if at all, their educational and
occupational aspirations have changed; and their perceptions of science in general and the field
of ecology specifically. These interviews will be recorded, transcribed, and used in a qualitative
data analysis program to ensure more accurate and efficient qualitative analysis.
At the close of each summer, the evaluator will perform a series of quantitative analyses of the
survey data and a more comprehensive analysis of the interview responses. This analysis will
culminate in an annual report that can be compared to those generated in previous and future
summers. These reports will be used to consider areas for improvement in the Summer Research
Program, and will illuminate which aspects of the program have been most successful and why.
The fourth and final component of the evaluation comprises a survey completed by students at
the end of each of the five academic years following their participation in the Summer Research
Program. These surveys will assess students' educational and occupational achievements since
program participation, and whether, and in what capacity, their relationships with their mentors
or other Harvard Forest faculty or staff have contributed to or persisted through their education
and career choices. Particular attention will be paid to whether and how their plans in science
have become more coherent since their participation in the Summer Research Program and what
role their mentor or other persons involved with the Summer Research Project have played (i.e.,
in assistance with publications, introductions, recommendations, and advice). This survey will be
analyzed annually and compared to responses provided by students during their participation in
the program (the first three surveys) as well as to each annual survey in preceding years.
E.3. Special Considerations
In all stages, these evaluations will underscore the experiences of underrepresented minorities.
The dynamics of relationships with mentors, persistence in scientific disciplines, and the level of
comfort and identification with scientific communities and environments will be emphasized
because these areas have been identified in past research as particularly important for minority
students. Interviews will provide a unique opportunity to hear underrepresented students’ candid
opinions on what would improve their experiences.
We will ensure that students complete each evaluation by making participation in each
component of the evaluation a mandatory requirement for program participation. Surveys will be
available online to facilitate faster completion and submission, and direct entry into a structured
database. In recognition of the difficulty of asking students to complete surveys more than a year
after the conclusion of the program, they will be modestly compensated for completion of
surveys in the second, third, fourth, and fifth years following their summer participation.
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F. RESULTS FROM PRIOR NSF SUPPORT
DBI-0139496 – Harvard Forest REU Research Program in Forest Ecology. David R.
Foster, PI; Kathleen Donohue, co-PI.
F.1. Publications, presentations, and theses
The most recent REU grant (2002-2004) has to date yielded 17 peer-reviewed publications, 13
posters or talks presented at regional or national meetings, and 8 senior theses. These are detailed
in the Literature Cited section of the proposal.
F.2. Where are the students now?
Of the students who participated in the 2002 and 2003 summer research program, one-third
(33%) are still undergraduates, one-quarter (23%) are in graduate school, and the remainder are
employed in public- or private-sector jobs.
F.3. Broader impacts
A central goal of the Harvard Forest summer research program is to encourage students to
link fundamental and applied issues in their research. When this linkage is successful, the
research can have significant and broad impacts that extend well beyond the summer program.
Two examples illustrate these broader impacts
F.2.1. Rapid Response to Critical Needs – In spring 2004, 29 foresters from five New England
states, and U.S. Forest Service scientists responsible for three additional states were trained in a
new technique for sampling infestations of hemlock woolly adelgid that was developed by
Joseph Brown, a 2003 REU student from Holyoke Community College and his mentor Scott
Costa (University of Vermont). The Forest Service now employs this technique to survey several
million acres. Feedback from regional foresters has been very positive and indicates that the
monitoring plan is practical and effective. Joseph is now a junior at the University of Colorado,
pursuing a career in environmental law.
F.2.2. Ecological implications of forest management – During the summer of 2000, Andrew
Finley, a REU student from Pennsylvania State University, worked with David Kittredge
(University of Massachusetts) to identify the process by which regulatory data – filed forest
cutting plans for 19 Central Massachusetts towns – could be digitally captured and analyzed.
Their results are now being used in a cooperative project of the Harvard Forest, the Nature
Conservancy, and the Massachusetts Bureau of Forestry to assess ecological consequences of all
commercial harvesting in all 352 Massachusetts communities for the last 20 years (N > 13,000
harvest events). These data and procedures also are being used for ecoregional planning for state
lands in Massachusetts and examination of linkages between harvest activity and socioeconomic
factors. Andrew Finley received a community forestry fellowship from the Ford Foundation to
further study private forest owners as part of his Masters degree research at the University of
Massachusetts, and he is now pursuing a Ph.D. in forestry at the University of Minnesota.
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