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Background

The National Center for Environmental Research (NCER) at tBeEhvironmental Protection Agency’s
(EPA) Office of Research and Development has proposed a joisysfem-Health Research Program to
study the links between changes in biodiversity and rigsksuman health. NCER has a responsibility to
undertake exploratory research on emerging scientific issudsfoamms are organized for these topical
discussions. Studying the relationship between biodiveaisitlyhuman health is a timely research opportunity.
The loss of biodiversity is accelerating while infectious disgagpear to be emerging and reemerging at a
faster rate. Research on the links between these two conditiomgw@mn important impact on our view of
biodiversity, the services provided by natural ecosystemsh@amwdve manage them.

In co-sponsorship with Yale University's Center for Epmiemiology, the Smithsonian Institution, and
the World Conservation Union, EPA/NCER is convenings tinterdisciplinary forum of researchers,
practitioners, and decisionmakers in ecology, public heathote sensing, and the social sciences. We will
discuss the state of the science, refine research priorities, gimddigcussions on how to integrate existing
data into a monitoring and risk-forecasting network that amnprevent or significantly mitigate risks of
human disease and threats to biodiversity around the world.

The forum will consist of presentations on themes relateliddiversity and human health such as
epidemiology and vector ecology; climate change, biodiversity,haadth; wildlife trade and the spread of
exotics and disease; pharmacopeia; the role of biodiversigtumat catastrophes; valuation of biodiversity for
public health; and applications of research to the Global Edge®@ation System of Systems (GEOSS).
These presentations will be part of an outreach effort to &teeahd decisionmakers to stress the importance
of the connection between biodiversity and human health anddaesd the state of the science.

The event brings together experts from a variety of diseipliacademia, nongovernmental organizations,
and management agencies from the United States and abroad toxpleatiseeand information and to con-
sider new approaches to characterize the relationship betweerebsttgtiand human health.

This forum is part of a series on contemporary issues rdiatdee environment and health sponsored by the
Yale Institute for Biospheric Studies Center for EcoEpidérgin

The initiative on biodiversity and human health is being bgdEPA in partnership with the National
Oceanic and Atmospheric Administration, the Center for Hedlgiplications of Aerospace Related
Technologies at the National Aeronautics and Space Administatidmes Research Center, and the
Smithsonian Institution.

The Office of Research and Development’s Nationar@er for Environmental Research 1
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Executive Summary

Around the world, the loss of biodiversity is acceleratimbile infectious diseases appear to be emerging
and reemerging at a faster rate. Research on the links between tbhesentlitions can have an important
impact on our view of biodiversity, the services providedaiural ecosystems, and how we manage them. In
co-sponsorship with Yale University’'s Center for EcoEpiiblogy, the Smithsonian Institution, and the
World Conservation Union, EPA’'s NCER convened an inteiplisary forum of researchers, practitioners,
and decisionmakers in ecology, public health, remote sensidgthansocial sciences. The forum was an
outreach effort to scientists, decisionmakers, and the pobincrease awareness of the connections between
biodiversity change and human health. NCER plans to suppsearch to characterize the relationship
between biodiversity change and human health and encouragdstipgirtary collaborations, within the
United States and internationally, to address these issues.

The public forum consisted of presentations on variousdoglated to biodiversity and human health,
including research on biodiversity decline and increased inciddnicdéeotious diseases, the role of social
capital in managing environmental resources, soil biodiveasith human health, protecting biodiversity for
potential medicinal value, wildlife trade and risks to biodsitgr valuation of biodiversity related to disease,
and potential applications for observing systems to moaitd predict risks to the environment and health.
Through a variety of perspectives and disciplines, the fodemtified the need for further research to better
characterize scientific mechanisms and the anthropogenic stressoedféict them, as well as encouraged
interdisciplinary collaboration to address these issues.

Changes in Host Biodiversity and Incidence of Infectious Bease

Empirically based models predict that the loss of host-spdoiessity results in a greater proportion of
ticks infected with the Lyme disease pathogen. This dilutidecepredicts lower rates of infection for a
particular pathogen in highly diverse communities, where leagpetent hosts dilute transmission rates.
Predator species richness and forest fragmentation were foledrédated to the density of infected vectors.
Although there is evidence of a dilution effect for other pg¢ims, such as West Nile virus, it is possible that
increasing diversity of competent hosts can provide opptigarfor increases in disease transmission. Vector
feeding behaviors need to be explored under different corslitibhost diversity and density. The regulation
of vectors in nature remains an important area of research.

Habitat Alteration and Disease Transmission

An interdisciplinary study on disease transmission amauplp and primates in Uganda, where forest
fragmentation has reduced the biodiversity of plants, vertebrabesinvertebrates, showed an association
between forest clearing and the development of gastrointestiolaleprs in people living nearby. Higher
levels of microbes were also found in these disturbed silesg with increased interspecific disease
transmission among primates including people. A workimgdel was developed describing the roles of
socioeconomic, cultural, and environmental factors on disease emerdenPeru, deforestation has been
associated with increased malaria transmission. Human bitingafafesopheles darlingithe most efficient
vector of malaria in the Peruvian Amazon, were significantlérign deforested sites compared to sites with
less habitat alteration, independent of population densiizdiuse changes can also disrupt the critical roles
that soil microbes play as biological control agents, pasgsind predators to moderate outbreaks of disease
in water, food, plants, humans, and other animals.
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Social Science Perspectives on Biodiversity and Health

A study of risk posed by coastal hazards among villagesThailand, where mangrove forest
fragmentation has degraded the disaster mitigation functiothesfe ecosystems, indicated a relationship
between community-based social capital and success in reforestétids. édigher levels of social capital
indicate greater capacity to take collective action for enhancing ceaswjistems that leads to reducing risk
to human communities. A conceptual model was developed explaimnfluences of social capital and
humanitarian aid delivery systems on community performance systemn restoration. In Brazil, researchers
studied biodiversity valuation in the context of disease latign. Econometric models of the effects of
climate change and deforestation on malaria showed that grosstidopneduct, investments, and imports
decrease with current climate change trends and increase with forestvemion.

Applications of Research for Risk Monitoring and Prediction

A European research program, Emerging Diseases in a ChangiogeBn Environment (EDEN), was
developed to identify, evaluate, and catalog ecosystems andrengintal conditions linked to global change
that affect infectious disease transmission over space and tirisecdoperative effort integrates research on
disease systems that are linked by key activities such as diseds#ing, environmental change detection,
and biodiversity monitoring with the goal of developinglyamarning systems. A similar effort is underway to
develop a comprehensive and coordinated system of obsenstgmsyat the global level to monitor and
predict risks to health and the environment. GEOSS is aganinder nine Societal Benefit Areas, including
conserving biodiversity and understanding the environmeat#bis that affect human health and well-being.
Models have been produced to predict the effects of climate olerahand reduce disease burden in
Bangladeshi villages.

Videos of the presentations are archiveldttd://www.yale.edulyibs/biodiversity.html

The Office of Research and Development’s Nationar@er for Environmental Research 3
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Meeting Summary
OVERVIEW

The U.S. Environmental Protection Agency (EPA) Biodiversityl Human Health: A Multidisciplinary
Approach To Examining the Links meeting was held Septembe2QD&, in Washington, DC. Co-sponsored
by EPA’s National Center for Environmental Research (NCER)+-pREPA’s Office of Research and
Development (ORD)—and Yale University’'s Center for EcoEpidégig the Smithsonian Institution, and
the World Conservation Union, the forum explored issueda@lto changes in biodiversity and risks to human
health. Experts from a range of disciplines from academia, wengmental organizations (NGOs), and
management agencies from the United States and abroad participaseshtipg on various themes such as
epidemiology and vector ecology; wildlife trade; and the vamatdf biodiversity for public health.
Approximately 175 individuals attended the meeting, whikers in and outside of the United States tuned
into the live Webcast. A list of participants is includedhie Appendices.

Introduction
Gary Foley, EPA/ORD/NCER

Dr. Gary Foley welcomed the participants and introduceddifras the Director of NCER. He was glad
to have the opportunity to be involved with this foriome that he hopes will present positive challenges for
the participants. He then introduced the first speaker Dr.iawllFarland, the Acting Deputy Assistant
Administrator for Science at EPA/ORD. Speaking after Dr.dfarlwas Dr. Conrad Lautenbacher, Jr., the
Under Secretary of Commerce for Oceans and Atmosphere and theigtdatior of the National Oceanic and
Atmospheric Administration (NOAA).

Welcome and Opening Remarks
William Farland, EPA/ORD

Dr. Farland began by thanking the meeting sponsors—the YaigelCfor EcoEpidemiology, the
Smithsonian, and the World Conservation Union—for hei®A orchestrate the meeting. He described the
event as a unique opportunity to bring ecological health amdah health together. This interdisciplinary
approach is the objective of a research program proposed by KMC&Rmine the links between changes in
biodiversity and risks to human health. Taking an inteiglimary approach, the forum provides the
opportunity to share different perspectives on themes rdtateiddiversity and human health. EPA’s research
program is focused on determining how anthropogenic driviechanges in biodiversity directly affect the
transmission of human disease and the underlying mechanshtetimect these issues.

Although the idea that biodiversity change and human healtht tségconnected directly is not a new one,
it is a topic that needs to be explored further. It is kmdkat biodiversity loss is accelerating. There is a
decline occurring in wild populations of vertebrates in térnigsand aquatic environments. At the same time,
there is an emergence or reemergence of infectious diseases. Egammeninot causes of disease emergence
and spread will assist in prevention and mitigation strasedihis research should be undertaken with the
understanding that environmental factors contribute to theasks and that environmental stewardship may
reduce their burden. Also critical is the exploration of thdeulying relationship between biodiversity and
human health and the development of new tools and approachesie$barch has unique characteristics,
including its focus on systems where biodiversity chandwgyp®thesized to be an important driver of risks to
human health, and its attempt to link Earth observation dasadietal benefits related to human health and

4 The Office of Research and Development’s Nationar@er for Environmental Research



Biodiversity and Human Health: A MultidisciplinaryApproach To Examining the Links

biodiversity conservation. EPA believes the research is tiamadywill place the Agency at the forefront of a
new field focusing on biodiversity’s role in human healtd arell-being. Key expected outcomes include an
increased awareness of the connections between biodiversity and eadém support for research to
characterize the relationship between biodiversity change and humah; teead new momentum for
interdisciplinary collaborations, within the United States amith international partners. Dr. Farland
concluded by recognizing two key international collaborators syguke later in the day: Dr. Stéphane de La
Rocque, Project Coordinator for a new project of the Europe@snn@ssion called Emerging Diseases in a
Changing European Environment (EDEN); and Dr. José Achabirector of the Group on Earth
Observations (GEO) Secretariat. Dr. Farland added that he weasdomrward to dialogue with EPA’s
international partners, as well as with the forum participamtdhe important scientific aspects of the research
at hand.

Taking the Pulse of the Planet: A Multi-Disciplinary Appach to Biodiversity and Public Health
Conrad Lautenbacher, Jr., U.S. Navy (Ret.), National Oceaniand Atmospheric Administration

Dr. Lautenbacher thanked Drs. Foley, Farland, and Pongsithéir efforts in organizing the event and
thanked the participants for their attendance. He began with anggnatentioning that, on a rainy day in
Washington, one can almost see the mold growing beneath ee¢wtien walking, and it conjures up the
image of the area as being a swamp prior to development, wihuitmes in the vicinity. Although rain is
connected to human health and well-being and the planet, it im@optace and humans do not deal with it on
a global level to make any global connections. The foundaticstiehce is observation, and better health
policies are needed that are connected to general science. Large-scalatiohseare required to permit
discussions of global level problems. It also is importantvork on issues in a connected system because
human health is directly dependent on the health of the planetx@dmple of linking biodiversity and health
occurs with coral reefs, upon which millions of people degendheir livelihood. Reefs are an important
pharmaceutical source, holding the promise to cure various diseashsas cancer, HIV/AIDS, and arthritis.
It is established that coral reefs are stressed by high wateerstomges and light levels, resulting in coral
bleaching. Studies are underway and new management tools aredbeg&igped to measure and forecast
threats to coral reef ecosystems.

Integrated environmental understanding of biodiversity amdam health also has facilitated prediction of
disease outbreaks. For example, it is known that the incidermoalafia and other vector-borne diseases can
change dramatically during extreme weather events related to El TNiBamonitoring of physical, chemical,
and biological parameters, and integration of this informatitma comprehensive data management system,
is the premise for GEOSS, the Global Earth Observatiote®ysf Systems. GEOSS involves 65 countries
and 43 organizations and has four operating principles taesisat the system is useful globally. A new
GEOSS product in development, GEO-NETCast, will serve asaltime global data system that will use
satellite technology to bring information to the globablprthealth community and many other communities
in a user-friendly form. A rudimentary version of the eystwill be operational in about 1 year and will
include biological and medical information that, to date, hatsbeen connected well with environmental
information. Integrating the various data sources will fatditprediction, decisionmaking, response and,
ultimately, bring public health benefits. Dr. Lautenbacher caletluby expressing his gratitude for the
opportunity to deliver his message and added that Dr. AchHaghresent and can answer any questions on
GEO after his presentation later in the day.

RESEARCH PRESENTATIONS

Dr. Foley introduced Dr. Montira Pongsiri as the moderdto the remainder of the meeting. He
commended her efforts as one of the EPA staff members whaipeg the meeting. Dr. Pongsiri works with
Dr. Joe Roman on biodiversity and health at NCER.

Dr. Pongsiri thanked all of the participants and stated thaa$ a privilege to have Drs. Farland and
Lautenbacher open the meeting. Each research presentation in tlia pbithe forum was followed by a
discussion session. A Webcast also was held and recorded; atchived on the Yale Center for
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EcoEpidemiology Web Site &ttp://www.yale.edu/yibs/biodiversity.htmThe Forum presentations also will
be accessible from the new EPA Portal on Biodiversity and Hewdilch was launched on September 13. The
URL is http://www.epa.gov/ncer/biodiversitfhe Web site will be updated regularly and is intendeenees
as a resource for scientific information on biodiversity &edlth, as well as for learning information on
related EPA efforts, activities with partners, and upcorewvents.

BIODIVERSITY DECLINE AND RISKS TO HUMAN HEALTH

Biodiversity and the Dilution Effect: The Case of Lyme Base
Richard Ostfeld, Institute of Ecosystem Studies

Considered one of the emerging infectious diseases alongsiddiseabkes as HIV/AIDS, avian influenza,
and SARS, Lyme disease (LD) is a zoonosis occurring primarititree loci across the United States—the
West Coast, upper Midwest, and the Eastern seaboard—withlyd@@B00 cases reported per year. LD is
caused by the bacteriuBorrelia burgdorferi and transmitted by the nymphal stage of the tiabdes
scapularisto vertebrate hosts that act as reservoirs of the pathogen, ishater transmitted to humans. A
common, highly permissive, and abundant hostBoburgdorferiis the white-footed mous&eromyscus
leucopus This study examined a proposed model for the effects débrate density on the infection
prevalence of LD known as the “dilution effect” model. The modeppses that high host diversity presents
the tick population with many opportunities to feed onthdisat are very inefficient in transmitting the LD
bacterium. These communities also have greater control on theaasenof white-footed mice via predation
and competition. By increasing the number of non-mouseshtst ticks take fewer mice meals, thereby
reducing tick infestation of mice. These effects of high vertelatahsity represent a “dilution effect” of LD
on mice. Data were obtained via trapping and netting vari@msmal and bird hosts, with translocation to the
laboratory to determine tick burdens and reservoir competencandtiel predicted that, in an intact forest
community, about 45 percent of the ticks will be infectéad; émpirical value was within 1 percent of that
prediction. Simulation then was used to dissemble the coitynand remove species, in approximately the
order in which they are lost by habitat fragmentation. It skasvn that increasing loss of host species results
in a greater proportion of infected ticks, with the highesipprtion (92.1%) for a mice-only community.
Whether the density of infected nymphs is influenced by intrgdsost diversity was examined via 40
trapping sites across three different Northeastern areas. Tdhe fetund a significant negative correlation
between predator species richness and white-footed mouse pmpudatisity. The study also found that the
strongest factor reducing tick burdens on the mice is thedsitrg abundance of chipmunks, with an average
larval burden per mouse decreased by 20 larval ticks as the nohabgpmunks increases from 0 to 80.

In examining forest fragmentation and LD risk, the reseayahd that larger forest fragments consistently
have more numbers of host species. Smaller forest fragmentd qerience a loss of vertebrate diversity,
leading to poor regulation of the white-footed mice poportesti This in turn would lead to increased infection
prevalence and high tick density, together increasing LD risis Todel was tested in 14 more forest
fragments in Dutchess County, New York, and researchers fawsighificant negative correlation between
fragment size and nymph density, as well as a significantngetii both nymph infection prevalence and
density of infected nymphs. On average, small forest fragrhextsbout four to five times higher density of
infected nymphs than did larger forest fragments. It is@seg that the dilution effect might be operating by
four distinct mechanisms: reducing the abundance of the réasatiw@rting vector meals to less-competent
hosts; reducing vector abundance; and reducing the rate ahisaien of the pathogen. The next step is to
determine whether the dilution effect might apply to othezalie systems.

Discussion

Dr. Mustafa Aral asked whether any information has been generatéitkceffect of the ticks on the
lifespan of the host over time or vice versa. Dr. Ostfeldaeded that this question has received little attention
to date and it is an important one to address to undertardiynamics of LD. Only a few pathologies have
been found in relation to the impact of tBerrelia infection on hosts, with no evidence that lifespan is
reduced and no clinical signs have been found in wildlife hdtese few observations have been found in
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domestic hosts, such as dogs and horses, and there has Bemwndmpact on humans. Dr. Ostfeld added
the findings have almost certainly had some, if minor, impawctitness. The finite instrumentation required
to detect the impact @orrelia infection on host populations also likely explains the pgufiinformation.

A participant asked whether there are counties or communitiewtedse in the world that have used
research findings on LD in conjunction with land use plagpnDr. Ostfeld replied that one problem with
applying the information is translating it into polidyor instance, the sampling needs to be increased to
include more counties and more areas, to increase the confideheeredults. He explained that there is a bit
of a disconnect between the notion that fragment size or fragtimenttself has an impact on LD risk and
what kind of zoning or other regulations would be implet@gnAlthough it is tempting to assume that the
larger the lot, the larger the forest being conserved, thimtisnecessarily the case. For instance, cluster
housing would include very small individual lots but dtewve a larger tract of forest preserved for communal
use.

Dr. Anand Ramanathan asked whether there is a comparison betwemolegical risk measures and
incidence of LD in the human population. Dr. Ostfeld resigonthat this has not been attempted until fairly
recently. He mentioned that certain researchers, including DramliFish’s group, have addressed this
guestion, but the results have been confounding. For instamdée area around Connecticut, habitat
fragmentation was associated with higher density and infegtsralence in ticks. At the state level, however,
fragmentation was associated with lower incidence in human pmms#atThe next step, Dr. Ostfeld
explained, is to integrate the entomological risks with huomanponents of risk. Thus, a relationship can be
determined from observations of people who live in higrdgrinented landscapes or those who do not venture
into the woods. Good public health outcomes will rely atedrating entomological risk with human
knowledge, attitudes, and behaviors with respect to LD.

Avian Diversity and West Nile Virus Risk
Vanessa Ezenwa, University of Montana

West Nile virus (WNV) is a vector-borne zoonotic infectioisedse that has only recently emerged in the
United States. Transmitted by mosquitoes, WNV can infegitiémtal hosts, including horses, reptiles, and
humans, in addition to wild birds, which are the main resehost for the virus. WNV was first detected in
the summer of 1999 in New York City, New York, and hasces spread from the East
Coast to the West Coast over a 5-year period. WNV distoibutiepends on having suitable host,
environmental, and vector traits, including density, diversihd physiology; climate and habitat; and density,
diversity, and behavior, respectively. This study examineethen patterns of WNV infection in mosquitoes
are explained by differences in avian diversity and whether ihéssity can influence human WNV disease
risk. A field study was undertaken to address the firsttogpreand involved weekly mosquito collection and
analysis for WNV and infection rate, from a series of sessih St. Tammany Parish, Louisiana. Bird species
richness and abundance were estimated using avian counts.ufljepstdicted that higher non-passerine
species richness is associated with lower mosquito infexdtes and that higher passerine species richness is
associated with higher mosquito infection rates. The reayisosted the first prediction, demonstrating that
non-passerine species appear to be functioning as dilutionfbo$WNV, possibly by decreasing contact rates
between suitable WNV hosts and vectors. To test the relatpbshiveen avian diversity and human disease
incidence, a comparative study was undertaken Louisiana-widedimglhuman cases reported yearly since
2002, with 41 counties with cases in 2002 and 33 couwitbscases in 2003. Four predictor variables were
examined: passerine species richness, non-passerine species ,richmess density, and county area. This
study found that non-passerine species richness was sigmyficagatively correlated with both mosquito
infection rates and human disease incidence. In contrast, pasgsties richness was not correlated with
either human or mosquito infections. These findings sughestbird diversity may play a critical role in
moderating human WNV disease risk. Further work will exantie mechanisms underlying the observed
patterns.
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Discussion

Dr. David Blockstein asked whether future studies will exantieerole of landscape types and try to
parse that out, given that nonforested habitats tend to haigher proportion of non-passerines relative to
forested habitats. Dr. Ezenwa replied that the study has fmumteresting wetland effect, likely because the
team is working primarily in a wetland area and, therefore, @ largportion of the sites tended to be
wetlands. The results showed that wetlands had a strong megatociation with WNV prevalence. The
group tried to parse this result out to determine how wetttaea was influencing mosquito infection rates.
Several factors were assessed, including how wetland area influbrecelertsity of mosquitoes, how it
influences the abundance of different host species, and hoflugrines the relative composition of host
species. The research revealed that wetland area influences the commdditia species, which strongly
influences vector infection. The team believes, therefore, thatababiuld display a strong role by
influencing the relative interactions between different host spectase habitat.

Dr. Sarah Randolph commented that she is a little concerrmad #i® slightly crude measure of host
diversity and bird diversity, especially given the low hetermgty in the contact between vectors and their
hosts. She asked whether or not the team has taken accountypietioé results that have emerged from past
research on the disproportionate feeding by mosquitoes onnceosti species that are apparently rather less
common in the habitat. Dr. Randolph suggested that it wioalldeneficial to focus on other, more specific
traits, rather than just species abundance, to produce more acestdte. Dr. Ezenwa agreed that there is
enormous heterogeneity in the way in which different vecteesl fon the host species and that finer scale
analyses are needed. She added that her study was a prelimingsjsaoatletermine whether any pattern
could be found, to document effects observed, and to exammeri detail how characteristics such as bird
diversity and density affect differences in vector feeding behaaimdt how that relates to vector infection
patterns. Dr. Ezenwa noted that with a system such as WN\hvitivolves multiple hosts and multiple
vectors simultaneously, teasing apart effects is challenging.

Dr. Gregory Glass asked whether the team has conducted bkeldanmalysis on the mosquitoes. Dr.
Ezenwa responded that her team has not done any work sorfaysguito blood meal analysis, but there are
plans to do so in the future.

Dr. Aral asked whether the impact of the climate effect for 2@@&2n the results was examined. Dr.
Ezenwa responded that, because the study encompassed only 2neding sample size was insufficient, it
was difficult to assess the influence of climate change. In addiine subsequent years have had less WNV
incidence in Louisiana, so climate level analysis would agadifbeult with insufficient data. She added that
her team looks forward to analyzing the effect of climate chandeanérger sample size.

Dr. Pongsiri asked whether mosquitoes appear to have a poefdogmon-passerine species or whether
the results are more attributable to host availability/abundabce Ezenwa responded that the results
presented were based on the assumption that vectors feed oim flostgroportions in which they occur in the
habitat. This, she added, is probably not the case. Reseaxdtton feeding preferences must be combined
with work on species abundance and diversity to better uaddrtiie broad patterns that have emerged.

DISEASE EMERGENCE IN TERRESTRIAL AND MARINE ENVIRONMENTS

Disease Emergence in Terrestrial and Marine Environments
Rita Colwell, University of Maryland

Drawing insight from many contexts, the study of infagialisease in the 21st century must be viewed
from a global perspective and with an improved understarafiegpidemiology. The global scale of research
in this century is unprecedented; it is multi- and intergis@ry, and scientific questions cross national
borders. Diseases of epidemic scale include cholera, caused by thaube¥ibrio cholerae The bacterium
is associated with a copepod, and the sequence of zooplanktonshiollowing phytoplankton blooms has
permitted the use of remote sensing to understand the mekifpicbetween sea surface temperature and cholera
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epidemics. Seasonality is a characteristic of almost every infeafisease, and every infectious disease has
an environmental origin. The EIl Nifio is a predictor of ehaml Research for the last 8 years in Bangladesh has
involved data collection on environmental parameters, inclugihgtemperature, salinity, chlorophyll, and
plankton populations and, in combination with clinical aedhote sensing data, has made possible the
prediction of the geographic location and intensity of cholerdeepcs. In August 2004, a study tested
whether cholera rates could be predicted from the previous mdhthsesearchers predicted 24 cases per
1,000 people, and the actual number was 25.8. Other wa&&rigladesh has focused on the application value
of knowledge on the environmental cycle of cholera, to helpansndirectly. Researchers have found that
removal of the plankton from the waters could reduce the Ié\e&alera in the villages. A 3-year study was
undertaken to examine the efficacy of sari cloth filtratiorentucing the number of cholera cases. It was found
that if a sari cloth was folded five or six times, it @buéduce the incidence of cholera by 50 percent. Old
cloths are better sieves than newer cloths because the former havéaymg and therefore greater surface
area for capturing the microbes. An ongoing study is nowgbebmpleted. A survey of the villagers in
Bangladesh 3 years later found that 60 to 70 percent of théepgepe employing sari cloth filtration of their
water. The hope is to introduce the technique to Africa, wheikeuivest has resulted in a breakdown of
human cleansing systems and where cholera is especially prevalent.

Discussion

Dr. Linda Stathoplossked whether the cholera prediction model currently is opeadtiand if not, what
would be needed to implement the model. Dr. Colwell respotigigidthe model can be applied to other
diseases and her group is working on these applications. $itegred that a very important next step will
be to feed biological data into the climate models. Dr. Stadsdben asked whether the predictions will be
posted on the Web. Dr. Colwell responded that her groupwaik with the University of Maryland and other
colleagues.

Emergence of Tick-Borne Pathogens in the Northeast Unitedt&ta
Durland Fish, Yale University

The prevalence of tick-borne pathogens has been increasirgghlottheastern United States over the past
several decades. In this region, seven tick-borne pathogens adettiatl are capable of infecting humans with
such diseases as LD, human anaplasmosis, babesiosis, andrekyphus. Several key characteristics of
ticks make them excellent vectors of disease agents: zoophilimdgebdhavior, prolonged host contact,
feeding for up to 7 days; pharmacologic saliva; and highogathn prevalence. It was the changing of
landscape from open farmland to a forested environment, alithghe introduction of deer, that resulted in
the emergence of LD in the 1970s in the Northeast United Stelbésh now is quite strongly infected by
scapularis A study in Westchester County, New York, in 1990 foarttuman-biting rate of 20.4 ticks per 100
persons per year. Extrapolating this figure over 10 statibstie highest LD incidence gives approximately 5
million tick bites per year. First diagnosed in 1987, huraaaplasmosis is caused by a bacterium that is
transmitted byl. scapularis The microbe has several reservoir species, including raccoansgksg and
birds. Another disease, babesiosis, alsolhasapularisas the vector, but has just the white-footed mouse as
its reservoir species. This disease was discovered in 1970, hasdsince then spread from east to west across
Connecticut. Powassan virus is transmitted by another spdciek,d. cookej and its reservoir species is
mustelids. The virus also has been shown to be transraitigthl scapularis The first case of human infection
for this virus was diagnosed in 1958 in Ontario, CanAdather example of a mammal reservoir of disease is
the fisher, which became extinct in 1900 in the mid-Atlantiatest With positive reintroductions in
Pennsylvania and West Virginia, the animal now has reached tadist .1 Connecticut. The fisher is a
possible reservoir for moving the powassan virus. In the od®. burgdorferiand |. scapularisborne
pathogens, there is evidence of a dilution effect. The additiother hosts, however, provides the opportunity
for a pollution effect because of the trading of a reductidtD for an increase in other tick-borne diseases. It
has been shown that multiple pathogens can occur on tibksh womplicate the diagnosis of disease. Caution
must be exercised when interpreting relationships betweendrtletpaths and biodiversity, in terms of the
recommendations or policy concerning public health and bicityaelationships.
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Discussion

Dr. A. Marm Kilpatrick asked whether the various diseases cdysedvironmental tick diseases rise to
the same level of incidence as LD. Dr. Fish responded that balseand anaplasmosis were introduced into
the same region as LD, and that there is potential for spfgamivassan virus. He added that environmental
change in the Northeast—such as reforestation and succession-bmigisulting in a reduction in the cases
in risk groups, because there are more woods and more edge.

Dr. Geoff Patton asked about the predators of ticks. iBin. iresponded that the main source of predation is
hosts. He added that a paper publishethi@a Aukin the late 1980s claimed that guinea colonies ate ticks. Part
of the problem is that only a handful of studies have assd#issdulological control of tick populations. It is
important, Dr. Fish emphasized, to understand how tickilptipns are regulated.

Dr. Roman asked about the result of adding high-level predaguch as the introduction of wolves into
Yellowstone National Park, on transmission of disease. iBh. f'esponded that, in the case of deer, once the
tick populations are established, the deer must be removee beéatick population will crash.

NATURAL HAZARDS AND COASTAL BIODIVERSITY

The Role of Coastal Ecosystem Degradation in Tsunami Dgma
Phil Berke, University of North Carolina

A study was conducted to examine the extent of ecosystem damabe Andaman coast of Thailand
following the tsunami of 2004. The research focused on Rppoovince, because it is one of the world’s
great coastal ecosystems and it sustained rather severe imparcthdrtsunami. To examine the relationship
between coastal ecosystem degradation and the vulnerability ao#stal communities, various sites of
damage were assessed at comparable heights and distances from tteaspersing remote sensing analysis
as well as field work to collect data. The study also had alsscience phase that examined community
performance in mangrove forest conservation and the influenaeial sapital on performance. Throughout
the world, mangroves are being lost to urban developmerai@uatulture. Six villages were chosen based on
various criteria, such as sustained damage and presence of neanguay key local leaders were interviewed
in those locations. Preliminary findings revealed wide vamatin the adoption and implementation of
mangrove conservation practices, ranging from clear rules andastls for tree cutting, replanting programs,
parasite removal, inspection, and monitoring systems in plecevillages where the performance in
conservation was high, there was a high level of social caypithl well-established norms in place oriented
around the fishing way of life. In these villages, the sowaglital was activated when external organizations
took a bottom-up approach in communication with local pedpleontrast, performance in conservation
dropped during top-down aid delivery, when external organizatdenied grassroots-level networks to
respond to local conservation needs; in such cases, houses wgnediesd built by external authorities.
Preliminary conclusions include the need to develop cross-dommaidels founded on science-based
relationships, develop more rigorous models of causes gpacimof social capital, and initiate community
demonstration projects for ecosystem management and public. HHadtbe projects can aim to strengthen
networks; develop leadership capacity; create frameworks to challesgumptions and motivate action;
provide technical resources; and create clearinghouses for netwdrésrdacts.

Discussion

A patrticipant noted that social communities, when more compfgpear to be more resilient, which is an
attribute of biological communities of increasing complexiy.this a reasonable observation? Dr. Berke
agreed with that statement. The number of networks and ikensitly will influence the strength of bonding
within communities.
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SOILS, BIODIVERSITY, AND LINKS TO HUMAN HEALTH

Soils, Biodiversity, and Links to Human Health
Diana Wall, Colorado State University

Soil organisms play a central role as causal agents of huis@ase on a global scale. In 2002, for
instance, the World Health Organization estimated a total of mhame 6 million deaths from soil-borne
pathogens. Categories of soil-borne diseases include virusgsyid, protozoa, fungi, and helminthes. For
fungi alone, more than 300 out of approximately 100 §f¥cies cause disease. The soil habitat of fauna and
flora is shaped by various factors, including geology, ckmaind vegetation type. Also variable is the
biodiversity present within soils: one gram containgdnif of bacteria, down to the hundreds of nematodes.
Among nematodes, only about 15 percent are animal or humantgarésisome cases, groups are endemic
only to soils, such as the Chilopoda. Most soil speciesraolved in decomposition processes and, when
disturbed, these species can go into a parasitic or pathogen phase species also have other jobs, such as
providing ecosystem services, including the provisioressdential nutrients for biota; decay, detoxification,
and purification of water; and prevention of soil erosion andtribution to sediment stability. In some
cultures, soil microbes serve as a food source. The most crileabf soil microbes, however, is serving as
biological control agents, parasites, pathogens, and preddtotker organisms in soil to moderate disease
outbreak in water, food, plants, humans, and other anifalexample of soil disturbance is occurring in sub-
Saharan Africa, where fields are continually farmed and the scaveobirggetation and dung deplete soll
nutrients. Land degradation results in increased dispergalcodbbes and invertebrates. Thus, the soil food
web structure becomes disrupted as predators and parasites avedeirhis habitat change decreases soil
animal diversity. These various soil-borne pathogens can befielhdsto four types: permanent, periodic,
transient, and incidental. An example of a permanent resident-cdiseage, cocciodiomycosis, is caused by
the inhalation of airborne fungal spores. As with other ohies, soil disturbance increases distribution of the
disease agentCoccidioides immitisLong-term climate fluctuations, such as wind erosion, céctathe
growth and distribution of soil-borne pathogens, pratlyescalating effects on human health in the future.
The long-term climate fluctuations that affect growth anditistion of soil-borne pathogens will increasingly
affect human health in the future. A systems approach wilekeed to understand the relationships between
soil, biodiversity, and incidence of human disease.

Discussion

Dr. Pongsiri asked whether anything is known about émetic diversity of the soil-borne pathogens. Dr.
Wall responded that more is known about the genetic diyes$ipathogens of economic crops on which
humans rely for food, than is known about the soil-b@atbogens of humans.

ENVIRONMENTAL CHANGE AND DISEASE RISK

Biodiversity Loss and the Ecology of Infectious Diseaseismission Among People, Primates, and
Domestic Animals in Kibale National Park, Uganda
Tony Goldberg, University of lllinois

A disproportionate number of many human emerging infecttbssases (EIDs), such as HIV/AIDS,
yellow fever, and Ebola, come from nonhuman primates. Dotitrg to this emergence is the fact that
humans and nonhumans share habitats and have similar phigsioldgthropogenic disturbance is altering
primate habitats radically. The Kibale EcoHealth Project was tmitic8 years ago to determine how
disturbance affects rates and patterns of disease transmissi@emgrmates and people; to understand how
biodiversity loss affects those rates and patterns and relunem health; and to improve human health and
primate conservation. The study area was located in Kibale Nafamk Uganda, an area of high primate
biodiversity. The forest in Kibale is fragmented but contagmeas of undisturbed, pristine rainforest
vegetation. Outside the forest lie remnant forest fragméatsare home to primates and that are used by
humans. This forest fragmentation has been shown to redacbidtiversity of plants, vertebrates, and
invertebrates in the forest. For instance, 12 primate specieswithin the protected areas of the park;
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however, only 3 species are found outside the park propémystidy involved the collection of observational
data on the primates; health and survey information fromlpdiepg around the impacted areas; landscape
data that characterize land use habitat and changes over time in $ef@cnd pathogen data, including
molecular techniques, to infer transmission. A human heatftreygiconducted in 2004-2006 included 477
people and revealed an association between clearing forests and thepmewtlof gastrointestinal (Gl)
problems. The land use data involved multiple scales, usmgte sensing and ground survey data. For the
pathogen data, the Gl pathogens were transmitted via fecakoratpnment, and waterborne routes. The
research has revealed significantly higher levels of microbesrastféragments versus in undisturbed or
livestock areas. The study also found significant intersedifiease transmission involving the exchange of
bacteria between chimpanzees and people employed in chimpanzee researchisandr&dative to people
from local villages. In addition, a significant proportiah people (80%) was found to have antibiotic
resistance tdscherichia coliin three Kibale forest fragments, even though these peopéeveay restricted
access to health care. There is evidence of movement of this resiftam people to domestic animals and
primates in the fragments and undisturbed fragments. Spegifital study has identified three integrons that
move between human and animal bacteria in a Kibale forest fragfnemrking model has been developed
that takes into account key factors that lead to disease emergencedaations in health, including the
socioeconomic and cultural factors that resulted in the initiakt fragmentation.

Discussion

Dr. Roman asked whether there are any comparable studies gngmeagically in South America or
Central America. Dr. Goldberg responded that people are awarthé¢hatare primates in South and Central
America and are interested in the transmission of infectiowsashsto people and primates. He added that
there has been a history of study regarding yellow fever betpegple and primates in Central America. To
Dr. Goldberg’'s knowledge, however, there are no other sttigigsncorporate longitudinal data on human
health, primate behavior, changes in the landscapes, and chatiyeslémographics of those species.

Dr. Pongsiri asked whether the study has examined the eftdéctsabitat perturbation such as
fragmentation and its associated stresses (e.g., loss osdooce) on the loss of immunity in primates. Dr.
Goldberg responded that there are no direct measures of immhbattythat his collaborator at McGill
University in Montreal, Dr. Tom Chapman, has been studigogl cortisol levels as a rough index of stress.
This work has found that cortisol levels do seem to mdo habitat disturbance, with higher cortisol levels
found in primates living in edge habitat fragments tharhosé living elsewhere. A confounding factor is
nutrition, however, because the nutritional resources of tineadégiare much lower in the fragments than in the
main forest. Thus, it is unclear whether the direct effects ar@ionrelated or due to other stresses. It is
important to note that the human populations living aradtedragments are highly immunocompromised by
a high prevalence of HIV/AIDS. The presence of the immunocompeahpeople living in close proximity to
the stressed nonhuman primates, exchanging pathogens withciteates a hotspot for emerging infectious
disease.

Dr. Judy Oglethorpe pointed out that, in additionngpacts of environmental change on human health,
human health can have impacts on the environment. For instaadec#h impacts of HIV/AIDS in Africa
change the dynamics of resource use. When the main breadwitwstr more hunting and fishing and other
sustained exploitation of natural resources occurs to proustersance for families. Dr. Goldberg responded
that this is exactly what is seen in his team’'s study areaexidained that the relationship between
biodiversity and human health is a two-way street. Many chahgésire seen in the use of a region seem to
go along with interactive changes that might qualify infectisunsh as HIV and malaria. Therefore, it is very
likely that habitat diversity can function to affect human healtd human health can function to affect
biodiversity.

Dr. Subhrendu Pattanayak inquired whether people were askeslliotwsehold survey if they recognized
that the changes they are making to the landscape have health consefpretioe®m and may increase
transmission of disease. Dr. Goldberg explained that thesexttemely impoverished communities, most
with extremely low degrees of education. These people are noawene of the linkages between land use
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change and disease. He added that the Kibale project has excellenhgelétio the local and regional
government and NGOs in Uganda, and is building on more3bayears of research on primate ecology and
biodiversity. Once the team can identify the risk factors #et to the reduction of human health as a result of
biodiversity loss, this will be a prime position in iat to affect change.

Environmental Change and Disease Risk
Gregory Glass, Johns Hopkins University

Research was conducted to assess the effect of deforestationamliting rate by a particular vector of
malaria,Anopheles darlingiin the Amazonian region of Peru. The study area is locat#iteodmazon River
in lquitos, a relatively isolated port city on the Amazorglgbal elimination of malaria was begun toward the
end of World War Il and into the 1950s and 1960s. Owee,tvarious malaria surveys were undertaken, and
by 1991,A. darlingi was no longer detected. In the early 1990s, the human popuiatiquitos began to
increase and associated with this was habitat change and subsaqigemice of malaria. By 1997, 54,000
malaria cases were reported. The present study used satelliteyirragimtify land cover and classified the
landscape into nine categories. Mosquitoes were collected from bysediorming catches during a 6-hour
period through the night. The data were linked with the taner classification information to determine the
locations in whichA. darlingi was more likely to bite people. The results revealed that wiges more likely
in regions of reduced forestation. The study area had abodiffédent species oAnopheles The highest
abundance ofAnophelesvas in the ecotonal regions, where the land classes are essctiigtinctA. darlingi
is most abundant in areas that tend to be deforested. Incrdas#sg cover is related to a reduction in
mosquito biting rate, whereas less forest cover is associatledavhigher biting rate. Dr. Glass outlined
various challenges that face biodiversity studies. For ong, mmdiversity studies have not been rigorously
designed to test theory. Also, many of the studies have failadte whether methodology ever accounts for
the observed patterns. Issues also abound in relation tp d#s@n. For example, the presence of humans is
an effect modifier for examining the effect of biodiversityuetibn on disease risk. In addition, it is important
to understand what the surrogates of human disease risk me@sotker challenge is the existence of
preconceptions regarding zooprophylaxis, which is the integitiocrease in biodiversity by introducing other
animals to produce a dilution effect and reduce the risk of hunadaria. When vectors are anthropophylic,
the strategy of bringing in other animals will not worchuse these vectors prefer to feed on humans and,
therefore, will increase human malaria risk. Zoophyllic vectoight have the potential to produce
zooprophylaxis; however, introducing alternative hosts magittially increase the risk for transmission to
humans, as some studies have shown. It is of interestéondne what disease systems are likely to lead to
improved human health by preserving biodiversity.

Discussion

Dr. Fish commented that vector diversity may influence igleaf malaria transmission, adding that it is
possible that not all of the Jnophelesnosquitoes found in the Iquitos region will become pathogectors.
Would increasingAnophelesdiversity as opposed to dominance by the same species hedplucerthe
burden? Dr. Glass responded that this is a good poidtihet one of the challenges of the study was that the
resources were not available to determine how many of the speciesnfemtious. Generally, the species
mentioned are considered to be potentially efficient vectorsatéria and there are certain species in this
group that appear to be relatively inefficient hosts. Manimgatie community structure can help to identify
ways to maximize the abundance of some of these less-efficientsvecto

Regarding the quotation by Frederick Bang with which Das& opened his presentation (*... we have
gradually been forced to recognize that the various encephaliticessnnot be eradicated unless we cover the
surface of the country with cement.”), Dr. Ostfeld commentead ttie study discussed diversity as though a
linear relationship exists between diversity and a health impach, as risk of infectious disease. Paving the
world will destroy the diversity and eradicate its associaieelades. Dr. Ostfeld asked whether the shape of
the curve that relates diversity to disease should be recatsioieorder to increase the sophistication of the
analysis. In many of the disease systems, there may be laoldrs/el of diversity, he explained, often a low
level, which is needed for a disease to exist in the first pBegond that threshold, however, increasing
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diversity might reduce the burden of disease in some of g8tersg. Dr. Glass responded that he agrees that
this is exactly the issue. Often, an understanding of thendigs of the systems is lacking.

INTERNATIONAL PERSPECTIVE: RESEARCH ON ENVIRONMENTAL CHANGE AND EMERGING HUMAN
DISEASES

Integrated Project, 6th PCRDT
Stéphane de La Rocque, Emerging Diseases in a Changing Europdéavironment
Sarah Randolph, University of Oxford

Stéphane de La Rocque

The EDEN project is an ongoing integrated project of the figao Commission. The aim is to identify,
evaluate, and catalog European ecosystems and environmentaloc@niditied to global change and that can
influence the spatial and temporal distribution and the dyegaiipathogenic agents. Involving 48 partners in
25 countries, the project has to take a coordinated Europearaappihe EDEN strategy is to focus on some
key indicator diseases that have a strong link with the emagah are currently at risk of reemerging or
emerging or spreading, and are representative of a wide geographgaland of epidemiological processes
involved in emergence. The diseases include tick-borne diseadent-borne diseases, leishmaniasis, WNV,
and malaria. The sub-projects are linked together with vaiiimiegrative activities that include disease
modeling, low-resolution spatial modeling, environmental geasetection, biodiversity monitoring, and data
management. The strategy will involve learning from the pagiamning the present, and predicting the
future, through the development of disease monitoring angwarhing systems.

Sarah Randolph

A case study on tick-borne diseases is seeking explanatioastgiaiterns to predict the future. Of all the
vector-borne pathogens in Europe, those transmitted by(tigksinus) are the most widespread. This offers a
perfect case study of the diverse impact of humans, and diredhdinett (human-induced environmental
change) impact on zoonotic risk. The focus is on tick-bormepmralitis (TBE) virus because it has the best
spatial and temporal records. It already is possible to exatanpredict the distribution of TBE in Europe;
now, the goal is to try to account for changing incidenceer8tare some highly geographical patterns of
change between countries in the recorded annual cases of TBEstaoc®) in Sweden, there was a stepwise
increase in incidence in the early 1980s; in Western Europejca more gradual emergence of infection
occurred. An analogy to account for the patterns observédtizdonoses are like an iceberg—their wildlife
cycles are largely hidden beneath the surface. Also, their expasmigs in time and space, and the incidence
in humans depends on two aspects: the bulk of the icebergnfismion potential) and the relative exposure
(human contact rates). TBE is less widespread and prevalentEhd&ecause it has a lower transmission
potential (smaller bulk), but the same relative exposurenmhsa via the same ticks. Is this emergence of TBE
due to the increase in the bulk, which could be thought dfi@egical factors, or is it due to increase in
relative exposure, which can be considered human factors? To d@hatwgquestion, data have been collected
from 1970 to the present from national archives on diseas#ence, environment, ticks, hosts, and humans.
These data are being collected and analyzed to produce explanatiopedictive models. New field work
has begun to monitor tick stages at four to six sites pentgo across Europe to reveal tick population
dynamics. Overall, it is obvious that the relationship leetwbiodiversity and risk of zoonotic infection is
complex and cannot be described with a simple generic model. éarsibly, the upsurge of TBE has been
caused by biological (abiotic and biotic) and nonbiological facéxting independently but synergistically.
For instance, there is evidence in the three Baltic states thatfeendependent but indirectly linked changes
in relevant factors acting synergistically to increase TBE incidértoe extreme spatiotemporal heterogeneity
in upsurge of TBE could be the result of a differential badasf each factor operating in each place.
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BIODIVERSITY AND MEDICINES

Mother Nature’'s Pharmacopoeia
David Newman, National Cancer Institute

Humans and animals have relied on plants as sources of meditatibousands of years, starting with
the use of the opium poppy—the first “drug substance”—ntwe #,500 years ago. Examples of other plant-
derived drugs include analgesics, a cardiotonic, and drugsdabrtralaria. Plant-derived products in cancer
include Taxol, which revolutionized the treatment of breast camzkis derived from the yew tree, avimhca
alkaloids, which revolutionized the treatment of childhood éenik. Two other plant-derived cancer products
are camptothecin and podophyllotoxin. Of these four majoy dompounds, three are derived from plants that
have a fungal epiphyte. The dolastatins and its derivativesared from a compound that has been isolated
from the cyanophyte on which the sea hamdabella auriculariagrazes. The drug Lipitor resulted from the
discovery of a simple compound from a fungal permutatioroti#er medicinal compound, a 25-amino acid
peptide, has originated from the cone snail, is 50 timeg @&ciive than morphine, has no addictive potential,
and was approved in December 2004 for pain medication treatinetite case of two songbird species
(Pitohui dichrousand Ifrita kowaldi), located approximately 2,000 kilometers apart from one anothdew
Guinea, diet controls whether or not they harbor toxic ai#teloThese two birds contain the same toxic
batrachotoxin alkaloids; the source of these compounds mvedlito originate from a tiny melyrid beetle,
upon which the birds feed. Insects also can harbor beneficiglaztords, such as the range of microbes in their
gut flora that produce potential antibiotics and other bioa&gents. For instance, secretions from the termite
Nasutitermes triodia@re antibacterial. Protecting against biodiversity loss eviBure that possibilities for
future discoveries of important compounds and materials finigrobes and their hosts also are protected.

The “Plants and People of Micronesia” Project: Perspectivedinderstanding the Relationship of
Integrative Medicine, Traditional Knowledge and Biodiversity
Roberta Lee, Continuum Center for Health and Healing

Traditional medicine comprises the use of a wide range of niedadind therapies used by traditional
cultures for health care treatment such as ayurveda, acupunctueskChiredicine, and Native American
practices. In the United States, such practices tend to be characésradéglnative treatments. The prevalence
of complementary and alternative medicine (CAM) has increasedimer®ne study from 2004 found that
62 percent of 10,000 U.S. adults used CAM over a 12dmpetiod. To address a significant gap in medical
education, the first program in integrative medicine was fednd 1997 at the University of Arizona School
of Medicine for postdoctoral medicine faculty to begin to lestsout the use of botanicals and the efficacy of
compounds used in acupuncture and other alternative treatmeats. i¥imow a national organization, the
Consortium of Academic Health Centers for Integrative Mediawvtgch comprises 32 medical institutions,
representing 20 percent of all U.S. medical schools. Integrate@icine provides the platform to bring
together traditional and alternative medical practices with allapatiedicine. The field is patient-centered,
recognizing that states of the mind are equally as importasthes of the body in promoting health. Also, it is
prevention-oriented but evidence-based. At the Center fortHaadt Healing in New York, New York, a team
of 9 physicians and 11 alternative practitioners work togethdrfollow a model of pluralism that fosters
tolerance and integration of biomedicine and CAM. In developiumtries, 80 percent of the population uses
indigenous health care practitioners for primary care. One pritjathas been tracking the usage of CAM
abroad is the Plants and People of Micronesia Project, whichd®as ongoing since 1998 in Pohnpei, an
island in the Eastern Caroline Islands. The study is taskbddacumenting ethnobotanical and ethnomedical
practices, and looking at the transfer of traditional knowlddga parents and grandparents to youth. Thus
far, information has been gathered on about 30 percent of ¢hkdnd introduced flora. An example of a
traditional use of a botanical in Pohnpei is the usMaiinda citrifoli in handicrafts, treatment of infection
and wounds, parasites, men’s health, postpartum condigodsrheumatism. Traditional varieties of plants
also are used as foods. A current project is compiling nmdtion on traditional Micronesian plant use to
develop the Primary Health Care Manual. The manual contains baslicahinformation, organized into
chapters by specific conditions. Future applications of thadPyi Health Care Manual could help create a
more sustainable health system in Pohnpei that nurtures cuoation between the health care providers,
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traditional healers, and patients. The manual will also be isd¢ldde Ethnomedicine Fellowship Training
Program, which is being developed to train physicians impgirand Palau on traditional plant use in primary
health care.

Discussion

Dr. Newman noted that once information is publisheds itdnsidered prior art. Thus, the information
mentioned in the manual, if intended for use in the developofemtproduct, would have to fall under a use
patent. Dr. Lee responded that the intellectual property can datiss symposium topic unto itself. One of the
most important aspects of obtaining the plant informat®oitoiattribute that knowledge to the host on the
island. Dr. Newman commented again that this issue has arisghdan countries, and once that material
becomes published, the information automatically eliminates patgnt possibilities because it is then
considered prior art.

Dr. Graham Hickling observed that many of the environmeglatiation problems are generating health
problems in indigenous societies, but many of the peoplé®ge places do not take practical measures (e.g.,
filtering water). Yet, these societies house a wealth of infeomatn ethnomedicine. Dr. Lee responded that
one hope is for the Primary Health Care Manual to bring smintkat common sense knowledge into the
detailed knowledge of the ethnobotanical practices.

APPLICATIONS TO THE GLOBAL EARTH OBSERVATION SYSTEM OF SYSTEMS

GEOSS: A Global Earth Observation System of SystemsSfoence and Informed Decisions
and Actions
José Achache, Group on Earth Observations

The Earth is a complex system of systems, and data areecdn@im multiple observation networks and
systems. Specifically, there is a need for a system thatde®waiccess to all Earth observation data in standard
interoperable formats. The intergovernmental Group on Earser@dtions (GEO) comprises 65 countries, the
European Commission, and 43 participating organizations. gdal of GEO is to build a Global Earth
Observation System of Systems (GEOSS) over the next 16, yegorovide a comprehensive, coordinated,
and sustained system of observing systems. The databasen syiit be used by a range of science
communities and will integrate various systems, includipgce-, air-, cryosphere, land-, and ocean-based
systems. An example of the application of integration oh dad systems is the prediction of hantavirus risk
from Landsat imagery over time. A user-driven process, GE® @irimprove and coordinate the observation
systems, provide easier and more open data access, foster ugh #uience and applications and, ultimately,
answer society’s need for informed decisionmaking. Currerk 8docusing on the prediction capabilities of
when and where the next outbreaks of diseases such as malaria &vd ehe likely to happen using
advanced earth observations of weather, climate, drought, andadity.gA next step will be to understand
how to manage biodiversity in ecosystems so that servicgsptiogide could lessen and possibly prevent
disease outbreaks. The plan for GEOSS is to serve nine S@&x@etzfit Areas: reduction and prevention of
disasters, human health and epidemiology, energy managemente atimaaige, water management, weather
forecasting, ecosystems, agriculture, and biodiversity. GHDengage a wide range of actors to move
observations toward socioeconomic benefits. Among the necessappwents will be Earth observations,
decision support tools development, Earth scientists, @ablil private information, and officials, advocacy
groups, and the public. These components are represented bynlinella concept of a GEOSS Users
Community of Practice. A voluntary process, GEO will éoshternational cooperation and synergies and will
depend on the goodwill of its members and participatingroegtions. The greatest challenge will be in
achieving the final stage of disseminating information to reécens so that they can benefit from the early
warning systems to prevent disease outbreaks and naturaiedisakhe architecture of GEOSS will be
finalized before the end of this year.
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Discussion

Dr. Aral commented that GEO is a primary and necessary organizationandahy uses will be found
for the database, which is being assembled. Is there any igr@EO that is going to examine historical data,
put it together, and make that available online? Dr. Achachendsgdahat data archiving is underway and
many datasets are already archived. Dr. Aral added that his concegaiiding historical data that goes back
thousands of years in the Chinese, Japanese, and Indian ar@fivekese be included in the archive? Dr.
Achache responded that there is no initiative for this immelglialt is likely that many organizations and
other countries will be pleased to get together and coordiratwiag historical and prehistorical data.

Dr. Berke asked whether the organization plans to study theesonomic dimension in terms of data
collection and to spatially portray those kinds of databd&s®msinstance, in a pending disaster, there could be
good observations of exposure to a tsunami, earthquakegrbaps a disease, but because of the social
characteristics or features of different ethnic groups, the \abilities of human health exposure to the event
are not going to be equivalent. Dr. Achache responded that {SE@itiating a study not only on
socioeconomic benefits, but also covering an aspect that is retewvdatisionmakers—a cost-benefit analysis
of using GEOSS versus not having the good observatiahscence.

WILDLIFE TRADE AND RISKS TO BIODIVERSITY AND HEALTH

The Trade in Wild Animals: A Threat to the Health of Bple, Domestic Animals, and Wildlife
Robert Cook, Wildlife Conservation Society

Established as the New York Zoological Society in 1895Wfidlife Conservation Society is dedicated
to ensuring a future for wildlife and wild lands. The Socfeunded the first field veterinary program in 1989
to examine the connections between people, domestic animals, ldhif#wthis paradigm was named “One
World, One Health.” Currently, humanity is plagued by Z,4Bown pathogens, 58 percent of which are
zoonotic. Four main driving forces that need to be examinethenreases in human population, global climate
change, intensified agricultural practice, and globalization and.tédthough the global agricultural trade is
well defined, the global wildlife trade is not because mudch isfillegal; this trade poses a large health threat
to people and other animals. Of particular concern is the tradietaoduction of exotic, alien, and non-native
or invasive plants and animals. Annually, tens of milliofisvild animals are shipped for food, pets, and
traditional medicines. In early 2003, more than one-thirtheflegal global meat trade was embargoed as a
result of bovine spongiform encephalopathy, avian influesuzd,other livestock disease outbreaks. Each year,
350 million live plants and animals are shipped globallyyaxmately 40,000 of those are live primates; 4
million live birds; and 640,000 live reptiles; and eachhafse groups is associated with diseases that have the
potential for transfer to humans and other animals. Regatdidg at the local and regional level, wild meat
consumption in Central Africa is 1 billion kilograms perar, which is roughly 200 million animals per year.
By placing the animals in unsanitary, stressful situatiang, with people working in close proximity with
those animals, a health risk situation is nurtured. In the ehavian influenza, the poultry share living space
with people on the farms and are free to roam about. Wild hirel known to be the reservoir for low-pathogen
avian influenza, but not for high-pathogen avian influenza.Wtthe wild birds are mixed with the domestic
birds (where sanitation is poor) and animals are stressedrubéhas the opportunity to mutate and efficiently
pass to human animal handlers. Part of the challenge otpngdavian influenza is tracking the migratory
patterns of the birds. To facilitate this area of study,Glabal Avian Influenza Network for Surveillance
(GAINS) was formed to train people worldwide to test samfplas birds as well as to report the migration of
healthy birds. Working with partners, a database is beingecrdat share among scientists and interested
parties, and the GAINS Web Site is operational. The goa @raduce models to predict avian influenza
movement worldwide. An example of training in the field begar2005, with instruction to Mongolian
scientists on how to sample for avian influenza in the fiekds training should create a standard from which
to compare changes in the environment over time. To lessen thgemeerand reemergence of zoonotic
disease, there is a need for wildlife surveillance systems, exgandpection and quarantine systems, and
improved communication between agencies, governments, and NGOs.
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Discussion

Dr. Randolph asked about the current view of the relatipgitance of natural migration of birds and the
illegal trade in poultry in terms of spreading agents ogalie. This information is not known, Dr. Cook
responded, and the current study is working to collect that®e The team has been able to identify birds
moving within a region, but whether these wild birds ané/table to carry the disease is not yet known. The
team also lacks information on the poultry trade, becausdlégal. He added that there are frequent articles
in the newspapers about confiscations of thousands of paifntlegally traded poultry in the States and in
Europe.

VALUATION OF BIODIVERSITY BENEFITS TO HUMAN HEALTH OUTCOMES

Biodiversity Conservation, Climate Change, and Human Health
Subhrendu Pattanayak, RTI International

Work was undertaken to examine climate change, human health, atidesity conservation and the
valuation of biodiversity in the context of disease regulaitioBrazil. The broad questions being addressed
include: How does the environment (ecosystem) contributertan welfare, especially via the human health
pathway? What are some of the most significant ecosystem chahges @xpected environmental health
outcomes occur, such as climate change or protected areas? What ebraggptbaches and modeling tools
can be used to address these types of questions (e.g., spalimhethod)? Information from the literature
suggests that human health is affected adversely by climate chadgeagalteration of the habitat, such as
through deforestation, increases malaria risk. Brazil was eeglay an ideal laboratory for the study because
the country experiences strong variation in several variabldsding climate, biodiversity, health, landscape,
and education. Brazil also has some of the highest levelsaigtdtion in the world, is vulnerable to climatic
changes, and has among the best public policy data availabidime and space in the tropics. The study
analyzed public data on approximately 500 microregions to estiolmbate and conservation impacts on
morbidity. Studies included estimating econometric modelsguihe cross-sectional variation in morbidity,
climate, and conservation data. Models controlled for such lesias demographics, health care access,
income, and other regional characteristics. Past work has shawmwarmer, wetter climate is positively
associated with morbidity and that deforestation is posjtiveirelated with malaria. A computational general
equilibrium (CGE) model was used to give a picture of thenawic consequences of climate change and
morbidity; the model is calibrated for current and projectettiitions in Brazil. When no action is taken at
baseline, and climate is permitted to affect morbidity and dsfation, the model predicts a reduction in
effective labor supply of 0.47 percent. Under one policy saemagounting for the conservation of 50 million
hectares of forests by 2010, morbidity impacts are reduce@%gp@rcent by the elimination of deforestation.
Accompanying climate change impacts is a reduction in the grossstio product, investments, and imports;
these three measures increase with forest conservation. Futureiosxtefisthe work will include
disaggregation of labor and conservation by region and a revfeall interactions and feedbacks with
conservation and climate scenarios, and with climate change mitigetiizies. The research has emphasized
the need for a multidisciplinary and multimethod approach tesd biodiversity, environment, and human
health issues.

Discussion

Dr. Achache commented that one result of deforestation azilBis the creation of biofuels, the
commercialization of which will generate a tremendous amouweafth once that material is exported. How
can this outcome be factored into the model? Dr. Pattanayadnigesd that with this model, these effects are
the net of the loss that Brazil is suffering because it cann@t lai of the species to use in agriculture. Thus,
the health effects are mediating some of the production effects taiking land away from agriculture.
Biofuels may not be in the model, but they are easy toHud.model is made to answer that question. There
are tradeoffs, however, and you will lose something to gamnething else. The question is, are the gains
higher than the losses?
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A participant commented that it seems conservation is occurritigg Amazon proper, while biofuel and
soybean industries are growing outside the Amazon propemanh biodiversity loss is taking place outside
the areas where protected areas are to be created. He stated that hegnigasl $0 learn that much of the
economic loss is attributed to taking land out of prodactiy soybeans, and meanwhile, it seems it may be
because land that is being taken out of production in thelnmdot soybean land nor is it biofuel land; it is
very wet areas in the Amazon proper. Dr. Pattanayak respondeshthé&iture extension was to try to keep
track of landfills, the benefit of landfills, and once we digagate this, we will begin to see some of the
effects being discussed.

Closing Remarks
Gary Foley, EPA/ORD/NCER

Dr. Foley extended his gratitude to Drs. Pongsiri anch&g and all the organizers of the workshop. This
event has provided a venue in which to examine a problem in windcly people are interested and it has
drawn attention to the fact that complex problems requirevatih@ approaches. Innovation requires people to
think collaboratively, to take a multidisciplinary approachd am try to accomplish things faster. Dr. Foley
referred to comments made by Michael Leavitt, who is now the &ecft Health and Human Services and
who was the former Administrator of EPA, to an audience ati8umonths ago, that the world needs
acceptance of networks. GEO is one such network into whicitl hevcritical to invest. Dr. Leavitt’s parting
words reminded the audience that those who get better at catiabowill prosper. What is needed now is to
learn to want collaboration. Dr. Foley encouraged the partitdfareave their feedback on the comment form
or to send e-mail comments to him, or to Drs. PongsiRoman, on ideas to build a network that can help the
various disciplines work together and address problems allglaHe concluded by thanking the participants
for attending, and the speakers for their excellent presergalibie meeting was then adjourned.

The Office of Research and Development’s Nationar@er for Environmental Research 19



Abstracts



Biodiversity and Human Health: A MultidisciplinaryApproach To Examining the Links

Biodiversity and the Dilution Effect: The Case of Lyme Disease

Richard S. Ostfeld
Institute of Ecosystem Studies, Millbrook, NY

The public values biodiversity largely for ethical and aesthetisons, and the focus of concern is largely
devoted to vertebrates. In contrast, scientific research on tlwetanpe of biodiversity focuses on ecosystem
functions or services and is largely restricted to microbespéamtts. This talk will describe a utilitarian
function served by vertebrate diversity, namely, the proteadbmumans against exposure to zoonotic
diseases. The focus will be on Lyme disease, a zoonosis in titlishacquire the bacterial pathogen from
vertebrate reservoir hosts and later transmit it to humames.blacklegged tick vector is a host-generalist,
feeding from many different mammal and bird species, butacdyires Lyme bacteria efficiently from a few
hosts, mainly white-footed mice and eastern chipmunks. Tke &ilso appear to suffer low mortality when
feeding from these rodents as compared to other mammalian amdhagts. High host diversity appears to
reduce Lyme-disease risk to people via several distinct mecharkissishigh host diversity presents the tick
population with many opportunities to feed from host #re highly inefficient at transmitting Lyme bacteria.
Second, high-diversity communities appear to regulate the abcadf white-footed mice via predation and
competition. Third, high abundance of non-mouse hostesdn deflect tick meals away from mice, thus
reducing tick infestation of mice. By these mechanisms, higérslty appears to reduce both the infection
prevalence of ticks and tick density, thereby reducing Lymeadis risk. These effects of high vertebrate
diversity constitute the “dilution effect.”

In the northeastern and midwestern United States where Lyeesdiss endemic, small forest fragments
tend to sustain smaller numbers of species than do largetefb@®as. Possibly as a consequence of reduced
diversity therein, white-footed mice, and to some extentehigks, tend to thrive in small fragments. Because
small fragments support high abundance of rodent reservatiriod overall diversity, these sites pose the
highest risk of Lyme disease. This talk will use both ieicgd and modeling approaches to assess the dilution
effect for Lyme disease, ask whether the dilution effect appfiesdly to other zoonoses, and examine the
mechanism by which it operates.
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The Role of Avian Diversity and Community Compositi on in West Nile Virus
Amplification in the Southeastern United States

Vanessa O. EzenwaMarvin S. Godsel Raymond J. King, and Stephen C. Guptfll
Division of Biological Sciences, University of Montana, B&ioula, MT;
2Centers for Disease Control and Prevention, National Cerftarinfectious Diseases,

Fort Collins, CO;*National Center, U.S. Geological Survey, Reston, VA

Factors accounting for geographic variation in West Nile (WullV) prevalence in the United States are
poorly understood. Wild birds are the primary reservosthifor WNV, but individual species vary considera-
bly in virus competency, thus differences in avian diversitg community composition may help account for
variation in virus amplification rates across habitats. Exengiassociations between passerine (Passeriform)
and non-passerine (all other orders) bird diversity and WiNgction prevalence at two spatial scales in
Louisiana, we found that non-passerine species richness widgaigly negatively correlated with both mos-
quito infection rates and human disease incidence. By contraséripasspecies richness was not correlated
with either human or mosquito infections. Further analyaggested that the relative abundance of passerine
to non-passerines in a habitat was a strong predictor af amyplification, with mosquito infection rates being
significantly higher in habitats with higher passerine tm-passerine ratios. These findings highlight
important links between avian diversity and composition amntWWiisease risk, and suggest that biodiversity
effects on disease may be a general phenomenon applicable to thecdyofamany vector-borne zoonoses.
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Disease Emergence in Terrestrial and Marine Environ  ments

Rita R. Colwell
University of Maryland—College Park, College Park, MD; Jok Hopkins University Bloomberg
School of Public Health, Baltimore, MD

An environmental source of disease was hypothesized as early Etetti9th century by Robert Koch,
but not proven because of the inability to isoldibrio cholerag the causative agent of cholera, from the
environment between epidemics. Much has changed in the past 180 lygastill standard bacteriological
procedures for isolation of microorganisms from envirortalesamples, including water, between epidemics
generally were unsuccessful, and now it is common knowledddetbs than 1 percent of microorganisms in
the environment have been cultured in the laboratory. Dormapoyulation, loss of culturability when
conditions are unfavorable for growth, and reproduction arditbmms of life amongst microorganisms that
make it difficult to assess their presence. Furthermore, theiatiso ofV. choleraewith zooplankton, notably
copepods, explains the sporadicity and erraticity of cholera eslewhich now have been correlated also
with climate and climate events, including El Nifio. Because ao#pbn have been shown to harbor the
bacterium and zooplankton blooms follow phytoplankton tgoremote sensing has been successfully em-
ployed to determine the relationship of cholera epidemics wighssirface temperature (SST), sea surface
height (SSH), chlorophyll, turbidity, and related enviremtal factors. Cholera occurs seasonally in
Bangladesh, with two annual peaks in the number of cases.dirooal data and data obtained from remote
sensing, it has been found that when the height of the aedragh (SSH) and SST also is elevated, cholera
cases are most numerous. SST, SSH, and blooms of plamkterbeen significantly correlated with cholera
epidemics and selected climatological factors and incidenc¥. ofholerae recorded, making possible
prediction of cholera epidemics, both their geographical latatiod intensity. Other disease agents are
recognized as having an environmental source (e.g., avian infllemtayirusCampylobacteretc.). Clearly,

a holistic approach to infectious diseases, taking into acemwimtonmental parameters, is required for public
health safety in the 21st century.
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Emergence of Tick-Borne Pathogens in the Northeast United States

Durland Fish
Center for EcoEpidemiology, Yale Institute for Biosphe&tudies, New Haven, CT,;
Department of Epidemiology and Public Health, Yale SchobMedicine, New Haven, CT

A total of seven tick-borne pathogens capable of infectingahsmirculate within natural zoonotic cycles
in the Northeastern United States. Five of these have emerded thi¢ past four decades. Four tick species
vector these seven pathogens, but five of them are vectoredrgletgik speciedxodes scapularisRecent
range expansion df scapularisandAmblyomma americanuexplains the emergence of most new pathogens,
but slow recognition of clinical cases in humans also can boigrito emergence. Range expansions of tick
species with overlapping host preferences provide new oppietufor cross species transmission of patho-
gens among vertebrate hosts and vectors. Predicting diseasemreesigd developing intervention strategies
is a challenge to public health agencies.

Changes in biodiversity greatly impact the risk of tickAgomfections for humans. Increased host diver-
sity may not only reduce the force of transmission for pathogen, but also it may increase the overall
diversity of both tick vectors and transmissible pathogelamagement decisions affecting biodiversity should
consider the potential public health consequences, both jgoaiity negative, to avoid potential conflicts. An
aggressive and interdisciplinary effort to balance the intecddiflogical conservation and public health is
long overdue.
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HSD SGER: The Role of Coastal Ecosystem Degradatio n in Tsunami Damage

Philip R. Berké, Stephanie E. Charfy Jacqueline Aldef, William Ree$, Beverley J. Adanis
and Ratana Chuenpagde
lUniversity of North Carolina at Chapel Hill, Chapel HiJINC; 2University of British Columbia, Vancouver,
BC, Canada;3lmageCat, Inc., Long Beach, CA'Coastal Development Centre, Bangkok, Thailand

To what extent did coastal ecosystem degradation increase tieeability of coastal communities in the
December 2004 Indian Ocean tsunami disaster? To what extenindwuody-based social capital (features of
social organization such as networks and trust that enable iv@lection) and international aid delivery
systems influence village performance in mangrove protection® @&iploratory study addresses these
guestions based on perspectives from the biophysical aral soieinces. The initial focus is on the Andaman
coast of Thailand.

The biophysical phase of the study uses data from satelbigeijm We conducted remote sensing analy-
sis to identify pre-disaster mangrove change and post@isststictural damage and landscape changes (see
Figure 1). We gathered field data at five sites (20 villagkg)loying theVIEWS™data collection system, to
validate and supplement this analysis. A major finding was itiangroves are one of many factors that
influenced tsunami damage intensity, but they appear to haveahesffective buffer against tsunami forces.
Villages that were behind substantial mangrove forests suffetatively little damage, while otherwise
comparable villages that were not so protected were devastated.

The social science phase entailed an evaluation of 6 of the lafesgil During August 2005, semi-
structured interviews were conducted with 18 local leaders wdte wnowledgeable and influential about
mangrove ecosystem management and disaster recovery in theesvillagld observations also were under-
taken to verify tsunami impacts and mangrove protection pracicesterview protocol was derived from
the World Bank’'sSocial Capital Assessment Tdol (1) gauge village performance in mangrove protection;
(2) determine the level of social capital in the village; andaé3ess the role of external aid delivery organi-
zations.

A major finding was that social capital was not consistemdigted to the extent to which villages under-
took mangrove conservation practices. Although social capitalcigasly high or moderately high in all 6
villages, there was considerable variation in the level of coatienvpractices. In villages with high levels of
social capital, performance in conservation drops when exterreminagions deny grassroots-level networks
to respond to local conservation needs. In contrast, the highdsrming village in conservation efforts had
strong social capital that was activated when external organiz&iakig bottom-up approach in dealing with
local people. The combination of strong internal bondingstrahg linkages with external organizations dur-
ing the recovery period led to considerable improvement in rogegconservation practices. Policy and
research implications of these findings are discussed.

Award No.: National Science Foundation: SES-0522963.
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Figure 1. Example of mangrove
area from Landsamagery
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Soils, Biodiversity, and Links to Human Health

Diana H. Wall
Colorado State University, Fort Collins, CO

The inclusion of soil organisms (both microbes and faasajausal agents of human disease is generally
considered as being limited to tropical or less developed d¢esiniiut it is a global issue. Information on the
triggers, biotic and/or abiotic that drive the incidence df agjanism-related disease is fragmented and disci-
plinary. The pathology of the soil organism in causingakg is often studied in isolation and rarely related to
its natural history, soil habitat, or ecology. Soil b@dsity in less disturbed systems is determined by pielti
factors over evolutionary time, such as vegetation (chemical yualiaintity, plant species, and community
composition), soil physical and chemical properties, and clintatgironmental factors leading to higher
incidence of soil-borne organisms and human disease, sucktabaince to soil, climate change, increasing
human population, poverty, and the resulting impact onfesod webs should be integrated to better predict
disease occurrence. Disturbances to soil impact ecosystenofingtisoil physical and chemical factors, alter
soil biodiversity, and appear to be associated with the fossasystem services such as control of pathogen-
predator outbreaks. Understanding the relationships betwégehigdiversity, and links to human disease is a
new interdisciplinary challenge that is central to an ecosystemagpto human health.
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Biodiversity Loss and the Ecology of Infectious Dis ease Transmission Among
People, Primates, and Domestic Animals in Kibale Na  tional Park, Uganda

Tony Goldberg
University of Illinois at Urbana-Champaign, Urbana, IL

Infectious diseases transmitted among humans, non-humaatgsinand domestic animals represent an
emerging threat to human health, animal health, and primate catiservihe Kibale EcoHealth Project en-
deavors to improve our understanding of how biodivergtjuctions alter interspecific infectious disease
transmission risks in and near Kibale National Park, ael@dation forested park near the foothills of the
Rwenzori Mountains in western Uganda. Project data indicatedrest ffragmentation has led to 75 percent
reductions in non-human primate biodiversity. These dramatiuctions in primate biodiversity have led to
the competitive release of some species, resulting in changeshatgpdensity and behavior; these changes in
turn have led to increased prevalence of a broad variety of ditemtlygmitted and water-borne pathogens in
non-human primates inhabiting forest fragments (e.g., ggterand rhabditoid nematodes, protozoa of the
generaGiardia andCryptosporidium and various species of pathogenic enterobacteria). Epidencallcgi-
veys of domestic animals living near forest fragments taf#i cattle, goats, and sheep as reservoirs and con-
duits of infection between people and primates. Molecular anabfdeacteria isolated from humans living
near forest boundaries or employed in primate-directed ecaitoindicate that specific human behaviors that
increase ecological overlap between people and primates also accelerdbéafrtirenasmission rates. Patterns
of antibiotic resistance in these same bacteria show that huresisli<-primate microbial transmission risk is
spatially structured, with forest fragmentation being a leeyolr accelerating transmission. Spatially explicit
analyses suggest that the link between biodiversity loss @amdriiprimate disease transmission is mediated
by human behavior, primate behavior, and hydrology. A wgrknodel of this process is that: (1) human be-
havior (driven by socioeconomic and cultural factors) causest fonrgmentation and plant biodiversity
declines; (2) non-human primate biodiversity declines rapidhgsponse to these changes, and the remaining
primates experience dramatic demographic and behavioral changeteré)aals in primate demography and
behavior “force” primates into atypical ecological interactions, ohioly interactions with humans and
livestock; (4) these atypical ecological interactions lead to incredisedse transmission risk; and (5) these
processes are most pronounced in low-lying forest fragmeisie primate population densities are high,
human encroachment rates are high, and hydrological processes bysatal peservoirs for environmentally
persistent pathogens. A fine-scale understanding of the metsamig which anthropogenically driven
biodiversity declines alter interspecific infectious disease tremsson risks between people and non-human
primates will be essential for the formation of improvedseoswmation and public health strategies that would
benefit human health on both a local and global scale.
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Deforestation and Anopheline Biting Patterns in Ama zonian Peru

Gregory Glass
Johns Hopkins University, Baltimore, MD

Iquitos in Amazonian Peru has undergone substantial humidgenseit and expansion during the past
decade. Despite a long history, the city remains fairly isofated much of the rest of the region and histori-
cal entomological surveys make this an excellent site to exah@rnienpact of human development on vector-
borne diseases, such as malaria. During 2000-2001, collaisouadertook studies to examine the relationship
between the abundance Afiopheles darlingia major vector of human malaria in South America, and defor-
estation that accompanied human activity. This discussion foomst#ee relationship between deforestation
and human landing rateé. darlingi was much more common in deforested areas than in regions that
remained relatively undisturbed, even when accounting foptasence of humans. This is interpreted to
represent a significant increase in human disease risk for antdansmission. This study provides a good
example of both the strengths and challemgfesstablishing the relationship between human activities, bio-
diversity, and public health.
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International Perspective: Research on Environment  al Change and Emerging
Human Diseases

Stéphane de La Rocque, S. Randolph, G. Hendrickx, an&é&iter
Emerging Diseases in a Changing European Environment, Mpellier, France

In recent years, several vector-borne, parasitic or zoonotic dideasegre)-emerged and spread in dif-
ferent parts of the world, with major health, ecological, secionomical, and political consequences. Most of
these outbreaks are linked to global and local changes resuttimgcfimate change, human-induced land-
scape changes, or the activities of human populations that &feetology of the diseases and risk of infec-
tion.

EDEN (Emerging Diseases in a changing European eNvironmwam,.eden-fp6project.net) is an on-
going integrated project of the European commission that @ingentify, evaluate, and catalogue European
ecosystems and environmental conditions linked to globalgehawhich can influence the spatial and
temporal distribution and dynamics of human pathogenic agéhts.final project objective is to develop
methods, tools, and skills such as predictive models efgance and spread, and novel approaches for early
warning, surveillance, and monitoring. These can be usedédigion makers for risk assessment, and decision
support for intervention and public health policies. Thggmtantegrates research in 47 leading institutes from
24 countries, and the eco-geographical diversity of the prajeet covers all relevant European eco-systems
from the polar circle in the north to the Mediterranean basinitadohk with West Africa in the south, and
from Portugal in the west to the Danube delta in the east.

EDEN is organized into a series of vertical sub-projects &mtos “indicator diseases”, linked together
by a series of integrative activities that include environmentgd detection, disease modelling, and biodi-
versity monitoring. More specifically, this last field egms the interactions between pathogens, vectors,
hosts, and their environment in terms of interfaces in tindespace, co-adaptation and selection, population
and community dynamics. Example of ongoing activities relet@tihe current discussion of the impact of
biodiversity on human health will be selected from the ticlabaliseases (TBD) and West Nile (WN) sub-
projects.

Within the TBD project, data are being collated on the impaeneironmental changes or human inter-
vention on the availability of wildlife and livestock hostisese include a range of large wildlife species and
livestock as hosts for (adult) ticks, and rodents as trasgoni hosts for tick-borne encephalitis virus and
Lyme borreliosis spirochetes. Given the paucity of histode# on tick populations, new intensive fieldwork
at four to six sites in each of 11 countries over 3 yeatsalldw us to relate the spatially variable abundance
and/or seasonal dynamics of local tick populations, and thelpree of their infection with tick-borne
pathogens, to current host diversity and abundance.

Within the WN project, contrasting disease patterns are explivozd endemic foci in Africa to sporadic
incursions in European wild avifauna areas or urban transmiss Bucharest. Wild birds are involved in the
transmission and the spread of WNV, but diversity in vscémd virus populations also are key elements of
the natural history of the disease in Europe. Effects of geafie community dynamics, invasion pathways,
and biodiversity sanctuaries (notably in river deltas) are astess
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Mother Nature’s Pharmacopoeia

David J. Newman
Natural Products Branch, Developmental Therapeutics Prograiational Cancer Institute,
Frederick, MD

For millennia, humans (and animals) have utilized plantswase® of medications, simply proceeding on
the basis of what worked to alleviate “pain and suffering” hWhile identification in the early 1820s of mor-
phine from the opium poppy, the following two centurievérseen the isolation and identification of large
numbers of active agents from all sources, a significant nuaflvenich have become and still are, medicinal
agents used world-wide. About 25 years ago, the use ofahgiaduct materials as leads to novel agents in
industry went into decline, but these are now beginning toecback into play as a source of “chemical
skeletons”, due in part to the lack of success of its replacenmnhinatorial chemistry as a lead generator.
Couple to this, the realization from genetic analyses, that whstoriginally thought to be the source or-
ganism, may actually be a single-celled organism in a large ewaflcases, then the paradigm should shift
from “conservation of the host organism (e.g., a tree/plaatfive need to identify the microbe(s) involved
and their host environment”. As a result, one can now sayttie most diverse “set” of organisms on the
planet are those that we cannot see, and guesstimates of the oiisieries are well above Y0Thus, the
loss of hosts is only the part that one can see, thedssed are significantly larger. Examples of important
materials and the possibilities for the future involvinignwbial sources (and their hosts) will be presented.
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The Plants and People Project of Micronesia: Persp  ectives in Understanding the
Relationship of Integrative Medicine, Traditional K nowledge, and Biodiversity

Roberta Lee
Continuum Center for Health and Healing, Minneapoli$/JN

Integrative medicine represents an approach that incorporates thgramtiees of conventional care and
traditional knowledge with a special emphasis on disease praverith the innate capacity of the body to
heal. The evolution of this new form of medicine is catalyzethbyealization of many medical educators and
practitioners that other methods of treatment used in waditicultures can benefit patients, especially those
with chronic diseases. Does this new form of medicine addltorgupreservation or further devolution of
ancient medical practices by subsuming the old within the neh& W the role of ethnobotany, ethnomedi-
cine, and biodiversity? How can medicine support traditioealdrs as more modern skills sets are offered? Is
there a relationship in ethnobotany and biodiversity to He&lthat are the applications in underserved devel-
oping areas of the world? These questions will be discussedhtionship to the Plants and People Project in
Micronesia, a multidisciplinary ethnobotanical, medical, and eggdogject begun in 1998 under the direction
of Michael Balick, Ph.D., from The New York Botanical Gardan¢g Roberta Lee, M.D., Medical Director of
the Center for Health and Healing at Beth Israel Medical Centeewn YXbrk. The project focus has been to
establish a botanical checklist, begin an initiative to recaditional/cultural use of plants for medicine,
housing, and other uses as well as record specific informatidraditional medicine beliefs. The specific area
of study has focused on Pohnpei, an island in the Easteotir@aislands that is known as one of the islands
in the Federated States of Micronesia. These islands are consideretitbe biodiversity “hot spots” in the
world—an area with a high concentration of endemic plants thait aigk of habitat loss. The project now in
its eighth year is expanding to other islands within theefadd States of Micronesia. The project has
included contributions from more than 100 Micronesian paditis. The participants have included acknowl-
edged traditional medicine elders and Micronesian conservatioaigis each has provided invaluable
ethnobotanical editorial assistance during this project. Thapeaoative effort will produce a compilation of its
ethnobotanical findings in a text due out for publicaiioithe spring of 2008. In addition, a primary health
manual on traditional Micronesian plant use on Pohnpei isrutel/elopment.
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Applications to the Global Earth Observation System of Systems

José Achache
Group on Earth Observations, Geneva, Switzerland

The intergovernmental Group on Earth Observations (GE@§aging a worldwide effort to build a
Global Earth Observation System of Systems (GEOSS)theenext 10 years. The GEOSS will work with
and build upon existing national, regional, and internatisgatems to provide comprehensive, coordinated
Earth observations from thousands of instruments wodielwiransforming the data they collect into vital
information for society. The mission of the GEO will batlmed and the role of the GEOSS in delivering
societal benefits in nine target areas will be described. In partitive benefit of understanding environmental
factors affecting human health will be highlighted, focusimgthe links between biodiversity, ecosystem
services, and health.
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The Trade in Wild Animals: A Threat to the Health  of People, Domestic Animals,
and Wildlife

Robert A. Cookand William B. Karesh
Ywildlife Health Sciences, Wildlife Conservation Society, BioINY;
“Field Veterinary Program, Wildlife Conservation Society, Bno, NY

Increasingly diseases are moving between people, domestic arinthisildlife, creating concerns about
food safety, public health, and wildlife conservattdBome of these diseases have been with us for millennia,
while others are emerging or re-emerging, gaining the yldifump between species and overloading our
traditional methods of disease surveillance and preventionlidha 1,407 human pathogens, 58 percent are
known to be zoonotic. There are 177 that are categorized asimgnergeemerging, and zoonotic pathogens
are twice as likely to be in this category versus nonzoonotmganhs.

The local hunting of wildlife or bushmeat is an ancient jwadhat forms the fabric of community culture
at the rural wildlife interface. Although these fundamentatfices have always posed a cross-species disease
risk to the local community, they have been mitigated thraugdtural practices. Ecological change such as
those brought on by increases in human population defmigst fragmentation via road building and rural
development alter the relationships of pathogens to Adsts coupled with increased human movement and
the globalized trade in animals for food and pets facilitatel naq@ivement to distant sites and greater human-
pathogen contaétThe World Trade Organization’s 2005 statistics note th20D4 the global merchandise
trade rose by 21 percent to $8.9 trillion U.S. dollarshagriculture accounting for $783 billion U.S. dollars.
There is no breakdown of the share of trade in wildlife gaeh year roughly 350 million live plants and wild
animals are shipped globaflyThe poorly regulated wildlife component of global trade fetifis infections
via microbial travel at scales that not only cause human disedmeaks but also threaten livestock, interna-
tional trade, rural livelihoods, native wildlife populatipasd the health of ecosystef‘r@.

! Kuiken T, Leighton FA, Fouchier RAM, LeDuc JW, PeirigViSSchudel A, Stohr K, Osterhaus ADME.
Pathogen surveillance in animaBcience2005;309:1680-1681.

2 Woolhouse MEJ, Gowtage-Sequeria S. Host range and emergingemerging pathogeds Emerg. Infect
Dis. 2005;11(12):1842-1847.

% patz JA, Graczyk TK, Geller N, Vittor AY. Effects of envimental change on emerging parasitic disease.
Int. J. Parasitol.2000;30(12-13):1395-1405.

* Wolfe ND, Daszak P, Kilpatrick AM, Burke DS. Bushmeat hngtideforestation, and prediction of zoonotic
disease emergenck.Emerg. Infect. Di2005;11(12):1822-1827.

®> Anonymous. Souvenir alert highlights deadly trade in enel@ulspecies. World Wildlife Fund-United
Kingdom. 2001. Available at: www.wwf.org.uk/news/scotland000000409.asp

® Karesh WB, Cook RA, Bennett EL, Newcomb J. Wildlife traafel global disease emergende Emerg.
Infect. Dis.2005a;11(7):1000-1002.

" Karesh WB, Cook RA. The human-animal liflareign Affairs2005;84(4):38-50.

8 Cook RA, Karesh WB. Ebola, SARS, and other diseasesntipatril people and animals. In: Guynup S. ed.
State of The WildNVashington, DC. Island Press, 2005, pp. 131-138.

34 The Office of Research and Development’s Nationar@er for Environmental Research



Biodiversity and Human Health: A MultidisciplinaryApproach To Examining the Links

Valuation of Biodiversity Benefits to Human Health Outcomes

Subhrendu Pattanayak
RTI International, Research Triangle Park, NC

Part of the puzzle surrounding biodiversity loss liearinncomplete understanding of how humans value
the functions and services that flow from biodiversity coret@n. Unfortunately, there is a lot of smoke and
mirrors surrounding the links between biodiversity coresonm, climate change, human health, and social
welfare. This paper revisits some aspects of ecosystem valugtiopose, methodology, and policy design
and implementation by looking closely at the links betweematé change, human health, and biodiversity
conservation. We use publicly available data on Brazilian micriomegto present a concrete empirical
example of ecosystem valuation in the form of disease regulafobiodiversity conservation, against a
backdrop of climate change. There is a small but growiagatitire that suggests that human health in tropical
regions will be: (a) adversely impacted by climate change, artqiiversity conservation will mediate this
impact. For example, the establishment of parks and protectedfargasventing deforestation and associ-
ated land uses can reduce illnesses such as malaria, which hafieasigecological risk factors. We employ
econometric models of secondary data from Brazil to test thggeheses and estimate parameters that link
climate change and biodiversity conservation to malaria cases. Waghina dynamic computable general
equilibrium (CGE) model to provide a comprehensive picturthefeconomic consequences of biodiversity
and climate change. Although the most significant direct implaotataria is on the labor force, such labor
market impacts are often the catalyst for economy-wide effects bedasislavers onto other markets and
sectors. In addition, climate change is a complex phenomenailihataw out in the medium to long term and
over a broad spatial landscape. Across such a time and space dimevsialso can expect to see other
ecologically significant policies such as large-scale conservatid®razil. Thus, we feed the econometric
parameters into a dynamic CGE, calibrated for current and projectetitions in Brazil, to measure impacts
on gross domestic product, labor force, agricultural yieldsymodity prices and wages, and forest cover. The
methodology applied in this paper represents a rare examplewotatistical estimation using secondary
survey and administrative data can be combined with CGE muulelgaluate climate change and conser-
vation scenarios for policy design. Finally, we offer twa@asions. First, conservation policymakers should
consider outcomes of habitat conservation that lie outsal&dditional conservation paradigm by considering
species saved and landscapes protected to be intermediate aqutihgsmprovement of human welfare. It
should always be possible to monetize, quantify, or at theleast identify these welfare impacts. Second, it
is imperative that multidisciplinary teams conduct conservatfwolicy experiments” to identify causal
outcomes (including defensible estimates of ecosystem valu@sptove the design and evaluation of bio-
diversity conservation policies. As indicated by this studg, join the growing chorus of sustainability
scientists, eco-epidemiologists, socioecological systems medatet biocomplexity researchers in calling for
transdisciplinary research that recognizes the interrelationshipsgaatology, human behavior, economics,
epidemiology, and physical processes.
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Biographical Sketches

José Achacheis the Director of the Secretariat of the Group on Earth @atiens (GEO). The Secretariat
serves as the center of international coordination for the GlBheth Observation System of Systems
(GEOSS). As Director of the Secretariat, Dr. Achache is regigenfor managing the programmatic and
administrative support to GEO, coordinating the developraadtimplementation of GEOSS activities, and
maintaining effective working relationships with the broad&O community.

Of French nationality, he graduated from the Ecole Normale Swperin Paris. He obtained his doctorate in
Geophysics at the Pierre et Marie Curie University in 19Bhas doctorate in Physical Sciences at the René
Descartes University. He was a Visiting Scholar at Stanfordddsity from 1979 to 1980.

He began his career at the Institut de Physique du Globe ded3aai Research assistant, then “Chargé de
Recherche,” and in 1989 was appointed Professor, Directbe @é¢partment of Space Studies and Director of
the Graduate School of Earth Sciences. In 1996, he joined éheh-Geological Survey (BRGM) as Deputy
Director of the Research Division and the following year bedésrdirector. In 1999, he was named advisor
to the President of the French Space Agency (CNES) and i, 2@ appointed to the post of Deputy
Director General for Science. In 2002, he was appointed Dire€Earth Observation for the European Space
Agency (ESA). While at ESA, he initiated the GMES programmpairtnership with the European Commis-
sion.

Philip R. Berke is Professor of Land Use and Environmental Planning, Dapattof City and Regional
Planning at the University of North Carolina-Chapel Hilid Director of the Center for Sustainable Commu-
nity Design of the Carolina Environmental Program. His reteéocuses on the connections between the
dynamics of urban development, how development impacts namwabnmental systems, and the conse-
guences of these impacts on human settlements. He recently seaveetiaber of the Committee on Disaster
Research in the Social Sciences of the National Research Cddatidnal Academies (2004—2006). Dr.
Berke's current research focuses on how well alternative urbars foitegrate risk mitigation practices in
floodplain ecosystems, and capacity-building in disadvantagatnaaities that are highly vulnerable to
natural disasters. He received his Ph.D. degree in Urban amhRlegcience from Texas A&M University.

Rita Colwell is a Distinguished University Professor both at the ehsity of Maryland at College Park and at
Johns Hopkins University Bloomberg School of Public Healid Chairman of Canon US Life Sciences, Inc.
Her interests are focused on global infectious diseases, wateneattd, and she is currently developing an
international network to address emerging infectious diseasewatad issues, including safe drinking water
for both the developed and developing world.

Dr. Colwell served as the 11th Director of the National Sciencadation (NSF), 1998-2004. In her capacity
as NSF Director, she served as Co-Chair of the Committeeiencg of the National Science and Technology
Council. One of her major interests include K-12 science andematics education, graduate science and
engineering education, and the increased participation of womemiaaodties in science and engineering.

Dr. Colwell has held many advisory positions in the WGG8vernment, nonprofit science policy organizations,
and private foundations, as well as in the international sitergsearch community. She is a nationally re-
spected scientist and educator, and has authored or co-authdreoks@and more than 700 scientific publica-
tions. She produced the award-winning film, “Invisible Seasd has served on editorial boards of numerous
scientific journals. Before going to NSF, Dr. Colwell wagdtdent of the University of Maryland Biotech-
nology Institute and Professor of Microbiology and Biotealhgy at the University Maryland. She also was a
member of the National Science Board from 1984 to 1990.

Dr. Colwell has previously served as Chairman of the Boar@avernors of the American Academy of
Microbiology and also as President of the American Associftiothe Advancement of Science, Washington
Academy of Sciences, American Society for Microbiology, Sigmalational Science Honorary Society, and
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the International Union of Microbiological Societies. Dr. Well is a member of the National Academy of
Sciences; Royal Swedish Academy of Sciences, Stockholm; RoyalySoceanada; American Academy of
Arts and Sciences; and the American Philosophical Society.

Dr. Colwell also has been awarded 47 honorary degrees frditutinas of higher education, including her
Alma Mater, Purdue University, and is the recipient of thee®ad the Rising Sun, Gold and Silver Star, be-
stowed by the Emperor of Japan. She is an honorary memliiee aficrobiological societies of the United
Kingdom, Australia, France, Israel, Bangladesh, and the USitatts, and has held several honorary pro-
fessorships, including the University of Queensland, raliat A geological site in Antarctica, Colwell Massif,
has been named in recognition of her work in the polar region

Born in Beverly, Massachusetts, Dr. Colwell holds a B.$yreke in Bacteriology and an M.S. degree in
Genetics from Purdue University, and a Ph.D. degree in Ocesgoiggfrom the University of Washington.

Robert A. Cook is the Chief Veterinarian and Vice President of the Wildlife #he@tiences (WHS) Division
of the Wildlife Conservation Society (WCS) and an Adjuncsistant Professor at Columbia University in
New York City. He has more than 20 years of experience in zdavddlife medicine and has served in his
present capacity as Chief Veterinarian for the last 13+ yeasssltunder Dr. Cook’s guidance that the Field
Veterinary Program was established in 1989 as the firsabéffort to support the health and conservation of
wildlife populations in native habitats. The Field VeterinBrggram recently has begun implementation of a
multi-agency, multi-sectoral, and world-wide initiative, thigd bird Global Avian Influenza Network for Sur-
veillance (GAINS). The WHS programs in Clinical Care and Pathoére responsible for the health of more
than 20,000 animals in five New York facilities, includirng tWildlife Centers in Central Park, Queens and
Prospect Park, the New York Aquarium, and the Bronx Zodh \tfie Field Veterinary Program taking the
lead, WHS is deeply involved in the health aspects of the ifil@lonservation Society’s international con-
servation programs, providing services and research to a noirtber400 WCS projects in 60 nations.

Dr. Cook graduated from the University of Pennsylvania 8lcbibVeterinary Medicine in 1980 and pursued a
career in zoo and wildlife medicine thereafter. Recently, he &dfitlis desire to have a more global impact on
wildlife health issues by returning to school to receiveMiéster in Public Administration from Columbia
University in 2002. With his background in both the Healf wildlife and global policy issues on these
matters, he accepted an adjunct teaching position at Columbiarkity in its School of International and
Public Affairs.

Dr. Cook is currently Chair of the Captive Wildlife and &ltative Livestock Committee of the United States
Animal Health Association. He is a past President of the Aaerssociation of Zoo Veterinarians. Dr. Cook
also has a long-standing interest in pain amelioration arad Seientific advisor to the Mayday Fund. In
addition, he served as a scientific advisor to the MorrisnahiFoundation and as a member of the Conser-
vation Endowment Fund Committee of the AZA. He has been mathap-author of more than 100 scholarly
publications in scientific journals, proceedings, and books.

Stéphane de La Rocqugraduated from the veterinary school of Lyon (France) in 19@8lhas more thanl15
years of experience in the field of vector ecology, spatial epidegyioand remote sensing. He started his
career in South America on the epidemiology of hemoparasites tt# tat-rench Guyana, Surinam, and
Guyana. Then he spent 7 years in Bobo Dioulasso (Burkisa) vorking on tsetse flies and their control. He
was actively involved in the management of bluetongue and Wiestbtbreaks in Southern France and was
leading a Cirad research team on arboviroses (West Nile anddRily Fever) in Dakar (Senegal). In 2004,
he left Senegal to coordinate a new project of the EC on enwériainchanges and emerging diseases in
Europe. He is now based in the Emergency and Prevention Sistagram of the Food and Agriculture
Organisation of the United Nations in Rome, Italy.
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Vanessa Ezenwaeceived her Ph.D. degree from Princeton University in 2B@8t(Behavior and Parasitism

Risk in Ungulates). She had a National Research Council RtstdbFellowship, 2003-2005, USGS Na-
tional Science Center, Reston, VA (Ecology of WNV in Souteadtouisiana). Dr. Ezenwa is an Assistant
Professor in the Division of Biological Sciences at the Usitieiof Montana, Missoula, MT, from 2005 to

present. Her current research focuses on: (1) effects of lands@meain avian community composition
and physiological resilience and consequences for WNV transmig&l) interactions between macro- and
microparasites and effects on host and parasite dynamics; Jaeco{8gy of multi-host parasites in ungulate
communities.

William H. Farland is currently the Acting Deputy Assistant Administrafor Science in the U.S. Environ-
mental Protection Agency’s (EPA) Office of Research and Develop@étid). In 2003, Dr. Farland also was
appointed Chief Scientist in the Office of the Agency SciencasddvHe served as Acting Science Advisor
throughout 2005. Formerly, he was the Director of the GRIational Center for Environmental Assessment
(NCEA), which has major responsibility for the conductchémical-specific risk assessments in support of
EPA regulatory programs, the development of Agency-wide go&lan risk assessment, and the conduct of
research to improve risk assessment. Dr. Farland’s 27-yeaalfedeszer has been characterized by a commit-
ment to the development of national and international approseltles testing and assessment of the fate and
effects of environmental agents. Dr. Farland holds a Ph.Dedéfj976) from the University of California-Los
Angeles in Cell Biology and Biochemistry. He serves on abmurof executive-level committees and advisory
boards within the Federal government. He currently Chairgxleeutive Committee of the National Toxicol-
ogy Program (NTP). He also is a member of the Scientific gaatyi Council of the Risk Sciences and Public
Policy Institute, Johns Hopkins University School ofgi¢tne and Public Health, a public member of the
American Chemistry Council’s Strategic Science Team for its Itargn Research Program and Member of
the Programme Advisory Committee for the World Health Omgitn’'s International Programme on
Chemical Safety. In 2002, Dr. Farland was recognized by the $éaieRisk Analysis with the “Outstanding
Risk Practitioner Award,” and in 2005 was appointed as awalf the Society. He continues to teach and
publish and has been a member of the Editorial Boarik AnalysisEnvironmental Health Perspectives
andChemosphere

Durland Fish is a Professor of Epidemiology at Yale School of Medicine. Hish, a native of Berwick,
Pennsylvania, received his B.S. degree at Albright CollegeeadiRg, Pennsylvania, in 1966 with a major in
Biology and a minor in Chemistry. Upon graduationwas employed with the Pennsylvania Department of
Health as a sanitarian and in 1967 became Regional Vector C8ntdinator in charge of insect and rodent-
borne diseases. His investigation of a fatal case of Rocky tdiouspotted fever in 1968 stimulated a career in
public health entomology. In 1970, Dr. Fish entered theugitgdprogram in entomology at the University of
Massachusetts in Amherst where he received his M.S. degree inH®%@ent on to continue his graduate
studies at the University of Florida, where he received hiB.Rltegree in Entomology with a minor in Ecol-
ogy in 1976.

Dr. Fish studied vector ecology at the University of Notearie with a fellowship from the National Institutes
of Health. He went to New York in 1980 as an AssistanfeBeor of Biology at Fordham University, where
he taught ecology and medical entomology. In 1985, he joimedaculty at New York Medical College,
where he was Associate Professor in the Department of Comnamditireventative Medicine and Director of
the Medical Entomology Laboratory, and became Director of tmeelRisease Research Center in 1990. He
is now Professor of Epidemiology in the Department ofdBmiiology and Public Health at Yale School of
Medicine, Director of the CDC Fellowship Training ProgranVigctor-Borne Disease, Director of the Yale
Institute of Biospheric Studies Center for EcoEpidemiolagyd Vice Director of the Graduate Program in
Integrative Biology. His research on epidemiology and premerdf vector-borne disease has been supported
by the National Institutes of Health, Centers for DiseaserGloamid Prevention, U.S. Department of Agricul-
ture, National Aeronautics and Space Administration, SandieriNdtLaboratory, New York State Depart-
ment of Health, Wildlife Conservation Society, Mathers Chhi Foundation, and the American Lyme
Disease Foundation. He has been awarded the honorary degreesasfdd@ience from Albright College
and Master of Arts from Yale University.
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Dr. Fish is a member of many professional scientific socjatiekiding the American Association for the Ad-
vancement of Science, the Entomological Society of America, arfectilegical Society of America. He has
served as Chairman of the Medical and Veterinary Entomology Bexftibe Entomological Society of Amer-
ica, President of the New York Entomological Society, and &easiof the International Northwestern Con-
ference on Diseases in Nature Communicable to Man. He also serie@autive Boards for the Society for
Vector Ecology, Acarological Society of America, and the Americami@ittee on Medical Entomology of
the American Society of Tropical Medicine and Hygiene. He has servédlitorial Boards foEmerging In-
fectious Diseasesnd theJournal of Medical Entomologyand is Founding Editor o¥ector-Borne and
Zoonotic DiseaseHe has presented more than 100 papers at professional meetihgas published more
than 130 scientific journal articles in entomology, ecol@nd medicine. His work has been featured@ime
magazine,NewsweekScience Science NewsAudubonmagazine andrhe New York Timesand he has
appeared on numerous television programs, including NBC N¢BG, Today Show, ABC Nightline, CBS
This Morning, and was featured in documentaries producddhéypiscovery Channel and BBC.

Gregory Glassreceived his Ph.D. degree in Ecology, with an emphasispul&tion Biology from the Uni-
versity of Kansas in 1983. His dissertation developed ¢tieat models of the evolution of behavior with fre-
guency-dependent selection. He completed his postdoctoral trainimgnunology and Infectious Diseases at
the Johns Hopkins School of Public Health from 1984986, where he was involved in the first detailed
characterization of hantavirus transmission biology amongj neidlents and its public health consequences for
the urban human population. He joined the faculty in MolcMicrobiology and Immunology and was
promoted to Professor in 2002. His research involves vbotore and zoonotic agents affecting humans and
emphasizes factors influencing the maintenance and transmisdioesefagents. For the past 15 years, much
of his work has focused on methods and approaches tofydisattling environmental indicators of disease
risk.

Tony L. Goldberg received his B.A. degree from Amherst College and his Prefreé from Harvard Uni-
versity in Biological Anthropology (genetics, biogeographgd conservation of chimpanzees). He received
his D.V.M. degree and M.S. degree in Epidemiology fromUheersity of lllinois (molecular epidemiology

of viral pathogens). He is an Associate Professor of Epalegy at the University of lllinois in Urbana-
Champaign in the Pathobiology Department. His other aféltinclude: (1) University of lllinois Program

in Ecology and Evolutionary Biology; (2) lllinois Natlr History Survey; (3) University of lllinois
Department of Anthropology; and (4) Director of the newvdrsity of lllinois “Earth and Society Initiative in
Emerging Infectious Disease and Ecosystem Health.” His resedmsists include ecology, epidemiology,
and evolution of infectious disease, with a special focus onasas, emerging infections, and diseases at the
interface of wildlife conservation and human health.

Conrad C. Lautenbacher, Retired Navy Vice Admiral, has served as the Under Secretargrafiérce for
Oceans and Atmosphere and Administrator of the National Ocaadiétmospheric Administration (NOAA)
since December 19, 2001. A graduate of the U.S. Naval Academg|dseM.S. and Ph.D. degrees in Applied
Mathematics from Harvard University. His Navy experience includlgies as Commander of U.S. Naval
Forces Central Command Riyadh during Operations Desert Smdl®esert Storm, where he was in charge
of Navy planning and participation in the air campaign. A leadéne introduction of cutting-edge informa-
tion technology, he pioneered the use of information techgdie mount large-scale operations using sea-
based command and control.

As NOAA administrator, he spearheaded the first-ever Earth @ligar Summit, which hosted ministerial-
level representation from several dozen of the world’s nalioigashington, DC, in July 2003. Through sub-
sequent international summits and working groups, he wddkedcourage world scientific and policy leaders
to advance toward the shared goal of building a sustainedalGEarth Observation System of Systems
(GEOSS) that will collect and disseminate data, informationrandels to stakeholders and decision-makers
for the benefit of all nations and the world communitye Eifort culminated in an agreement for a 10-year
GEOSS implementation plan. Sixty-five nations, the Eurofgammission, and 43 international organizations
now support this effort.
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Roberta Leeis Medical Director of the Center for Health, Healing Directb€ontinuing Medical Education,
and Co-Director of the Fellowship in Integrative Medicine athBstael's Continuum Center for Health and
Healing (CCHH). She is a board-certified internist and isafrtbe four graduates in the first class from the
Program in Integrative Medicine at the University of Arizonae & the Membership Chair of the Consortium
for Academic Health Centers for Integrative Medicine. She alsocnaibuting editor oEXPLORE: The
Journal of Science and Healingnd on the Editorial Board éferbalGram,an evidence-based botanical jour-
nal issued by the American Botanical Council. She is the coreadfitihe recently released medical text
tegrative Medicine:Principles for Practice.

David J. Newmanhas a D.Phildegree and works in the Natural Products Branch, DTP, in kckd&D.
Originally trained as a synthetic chemist, he moved into migkghemistry for a doctorate and then spent the
next 40 years “persuading microbes” (and their hosts) fromnmad terrestrial sources to produce agents
that could lead to novel treatments for cancer and infectious dgse@srrently, he is the Acting Chief of the
Natural Products Branch of the National Cancer Institute (WOWCI-Frederick.

Richard S. Ostfeld received his B.A. degree from the University of Californi&anta Cruz in 1979 and his
Ph.D. degree from the University of California at Berkeleyl&85. Following a postdoctoral fellowship at
Boston University (1985-89), he joined the scientific séaffhe Institute of Ecosystem Studies in Millbrook,
New York, where he is currently Senior Scientist. He alssdisinct Professor at Rutgers University and the
University of Connecticut. Dr. Ostfeld’s research interestslire many aspects of community ecology, parti-
cularly those involving interactions between pathogens, vereebiats, vectors, and the surrounding land-
scapes. He has published more than 120 papers in peer-reveesrealg, written a number of popular articles,
and co-edited four books. His research has been covered by timated Press, the Discovery Chaniiahe
magazine, th®&BC, Radio Free EuropdlarentsmagazingNational Public RadioTheNew York Timeshe
Wall Street JournalReutersScience NewsandBackpackemagazine, among many others. His work on ecol-
ogical interactions affecting infectious disease risk is curresnfbyported by grants from the National Institutes
of Health and NSF.

Subhrendu K. Pattanayakis a Fellow and Senior Economist for Environment, Healtid, Development. He
builds microeconometric models to analyze the policy causes asdqeences of interactions between human
behaviors and environmental services in Brazil, Costa Rica, Iimdianesia, Madagascar, Mexico, Nepal, the
Philippines, Sri Lanka, and the United States. Dr. Pattanagsklirected several research projects funded by
the World Bank, EPA, the U.S. Department of Agricultur&D4A) Forest Service, Conservation International,
Health Canada, and NSF, among others. His research lies in threend: (a) practical methods for non-
market valuation, (b) evaluation of forest ecosystem senérek(c) economics of environmental epidemiol-
ogy. Most of this research has relied on specifying a testgptetiesis by applying economic theory to envi-
ronment and development policies, conducting field experimtanésigh household surveys in developing
countries, matching the survey (microeconomic) data with reesle- environmental and social statistics, and
estimating econometric models to generate policy parameters andmeadations. Dr. Pattanayak has
designed and managed large multi-site household surveysan ang rural areas of India, Indonesia, Mexico,
Nepal, and Sri Lanka. He has published in journals sudbcasomics Letters, Land Economics, American
Journal of Agricultural Economics, PLOS Biology, Enviment and Development Economics, Agriculture
Economics, Environment and Resource Economics, Forest Scinamal of Forest Economicd-orest
Policy and Economics, Water PoliandWater Resources Reseaiamd presented his research at several in-
ternational conferences, including the World Congress of &mviental and Resource Economists, American
Economics Association meetings, and the National Bureau ofdBuos Research summer institute. He is a
member of the American Economic Association and the Associatio&nvironmental and Resource
Economists. Dr. Pattanayak is a Research Associate ProfessatratOdmlina State University, a Fellow in
the Center for Applied Biodiversity Sciences, and a Researchséwior the South Asian Network for
Development and Environmental Economists (SANDEE).
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Diana H. Wall, a soil ecologist and environmental scientist, is Profesgsbba@ector of the Natural Resource
Ecology Laboratory, an international ecosystem research cer@@atdo State University. She is actively
engaged in research and education. Her research explores hawesdédbrate diversity contributes to human
well-being and sustainability of soils, and the consequerfdesnoan activities on soil globally. Her research
includes 15 seasons in the Antarctic Dry Valleys examinivg $ail food webs and ecosystem processes re-
spond to global changes and a new global study explorikgdes of aboveground hotspots of biodiversity to
those belowground. She chaired the SCOPE Committee orai@biBediment Biodiversity and Ecosystem
Functioning and is editor of “Sustaining Biodiversity dtbsystem Services in Soils and Sediments (Island
Press, 2004). She chaired the DIVERSITAS-InternationaliBéwsity Observation Year-2001-2002; co-
chaired the Millennium Development Goals Committee of thdekhlium Ecosystem Assessment; and is
Chair, the Global Litter Decomposition Experiment. Dr. Véalived as President of the Ecological Society of
America; American Institute of Biological Sciences; AssociatibEasystem Research Centers; the Society
of Nematologists; and Chair, Council of Scientific Societysitents. She received B.A. and Ph.D. degrees at
the University of Kentucky, Lexington, and holds an Honpifaoctorate from the Utrecht University in the
Netherlands. She is an AAAS Fellow, Society of Nematologisttow, and Senior Advisor and Fellow of the
Aldo Leopold Leadership Program.

46 The Office of Research and Development’s Nationar@er for Environmental Research



September 15, 2006






Biodiversity and Human Health: A MultidisciplinaryApproach To Examining the Links

Biodiversity and Human Health:
A Multidisciplinary Approach To Examining the Links

Smithsonian Institution
S. Dillon Ripley Center
1100 Jefferson Drive, SW
Washington, DC 20004

September 15, 2006
Background

The National Center for Environmental Research (NCER) at theBhdronmental Protection Agency’s
(EPA) Office of Research and Development has proposed &joistystem-Health research program to study
the links between changes in biodiversity and risks to humafth. NCER has a responsibility to undertake
exploratory research on emerging scientific issues, and wgrgsdre organized for these topical discussions.
Studying the relationship between biodiversity and humantisa#t timely research opportunity. The loss of
biodiversity is accelerating while infectious diseases appear @meeging and reemerging at a faster rate.
Research on the links between these two conditions can have atamhjpmpact on our view of biodiversity,
the services provided by natural ecosystems, and how we manage them

In co-sponsorship with Yale University’s Center for Ecmemiology, the Smithsonian Institution, and
the World Conservation Union, EPA/NCER is planning aerafisciplinary workshop of researchers, practi-
tioners, and decisionmakers in ecology, public health, remosingemand the social sciences. We will discuss
the state of the science, refine research priorities, and begisgl®mtsion how to integrate existing data into a
monitoring and risk-forecasting network that aims to preweergignificantly mitigate risks of human disease
and threats to biodiversity around the world.

The workshop will bring together experts from a varietydidciplines, academia, nongovernmental
organizations, and management agencies from the United States @audl &tbshare expertise and information
and to consider new approaches to characterize the relationshipdofersity and human health, develop
tools to help monitor and forecast risks, and manage wskedlth and the environment. In breakout groups,
participants will address three specific tasks:

1. Case Studies on Biodiversity and Human Health

Identify case studies and disease systems that could shest ar ¢lear linkage between biodiversity and
human health. Discuss different mechanisms in which changeégdivdrsity can affect human health. What
are the questions that could be applied across disease (estahlisth@dnew) systems? What are the likely
outputs of such research? How can they be used by decisionrtakapsove health and the environment?

2. Risk Management and Policy

Discuss risk management of environmental health problems amddchdevelop intervention strategies
that reconcile conflicts between environmental and health concerisssd$sion can help address how the
efforts of public health agencies to control outbreaks of vdxiore diseases can impact biodiversity. How
can the mismatch in thinking between health and biodiversitgrex@nd practitioners be addressed and
resolved? What kinds of data/tools do managers need fromistsie¢hat could be useful to decisionmaking?
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3. Mapping Biodiversity and Human Health

Discuss how to use Earth observation and field data to ded&epse risk maps and spatial models to
examine relationships between habitat alteration, biodiverss; lchanges in pathogen distribution, and the
emergence and spread of vector-borne and zoonotic diseases. Disleasaps could be used as decision-
support tools, enhancing the capacity to do surveillance skdartiecasting of ecosystem and human health,
and they could enable the identification of areas suitable loir iojects to study the relationship between
biodiversity change and risks to human health.

The goals of this workshop are to improve understandintpefrelationship between biodiversity and
human health, and to identify research priorities from a disdiiplinary perspective as well as the research
outputs that would be useful for decisionmakers chargedpuittecting public health and the environment.
Workshop organizers are interested in publishing key fgglin a prominent scientific journal.
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Workshop Discussion: Case Studies on Biodiversignd Human Health
September 15, 2006

Executive Summary

In co-sponsorship with Yale University’s Center for Ecimemiology, the Smithsonian Institution, and
the World Conservation Union, EPA’'s NCER convened an irggplinary forum of researchers, practi-
tioners, and decisionmakers in ecology, public health, ressstsing, and the social sciences. The workshop
discussion “Case Studies on Biodiversity and Human Healtbliight together experts from a variety of
disciplines, academia, government agencies, and non-governmeumtaizatipns from the United States and
abroad, to share expertise and information. The workshdigipants identified case studies that could test the
links between biodiversity and health, mechanisms by whieh tould be connected, and guiding research
guestions that could be studied across different systems.

There are case examples in which increases in biodiversity, amargoiesosts, vectors, and at the
microbial and genetic levels, could lead to both positive andtivegeffects on health. The type of health
effect linked to a change in biodiversity at a given taxondevel (e.g., parasite diversity, fish community,
landscape) can be determined by pathogen characteristics, communatyicky within the ecosystem, and
human behavior. It is important to consider the social andomesic context of human behavior. Global and
local anthropogenic drivers to biodiversity change includestead! land use.

The discussion was not limited in scope to human health effegtsalso included animal health and
economic and social well-being. The group identified case sttlthiésould demonstrate or test a clear link
between biodiversity change and risks to health. A spreadsihseaieveloped listing case studies, identifying
for each the taxonomic level of biodiversity that is the efivdisease/health response variable, and
context/location of the system. Participants identified fouegmries of scientific mechanisms by which
biodiversity can affect health:

» Host/pathogen density and relative abundance.
» Contact, exposure, and transmission.

» Landscape heterogeneity.

* Human susceptibility.

Conceptual and strategic questions were developed, as wetkais ddr prioritizing health issues.

The group discussed the importance of crossing interdisaiglboundaries to advance knowledge, noting
that barriers in language and culture must be overcome befareedifinethods and tools could be considered
and integrated. Recommendations were made to facilitate intergiacyptesearch and training through the
establishment of virtual centers and institutionally basediwgmgroups.

Characterizing the relationship between biodiversity and healthes@al general principles and models
that are transferable across health issues, and perhaps acrosscgasaNew knowledge on how changes in
biodiversity are related to health can lead to the developmentookls or tools to predict risks. This
knowledge can inform decisionmaking to improve the managemeatirohatural resources to protect the
environment and public health. Workshop organizers are interéstembntinuing this discussion with
participants to develop a scientific manuscript for publication.
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Workshop Discussion: Mapping Biodiversity and Huma Health
September 15, 2006

Executive Summary

The group was charged with developing a spatial method dy #te relationship between biodiversity

loss and the emergence and reemergence of infectious disease. Thdgmtiipd several areas and methods
for testing hypotheses about this relationship.

1.

2.

Identify specific disease systems and their associated geographic areas

Combine land-use and land-cover-change data, and other surrogate®diversity loss, with geo-
referenced disease data.

Investigate nonlinear, or threshold, responses via retrospesialysis. This nonlinear response could be
examined for changes in biodiversity and changes in infeatigesse.

Develop a pilot geospatial analysis and decision-suppdrfdoepecific disease systems, including use of
risk mapping for purposes of early warning, to target niotensive surveillance, and to develop
surrogates that explain and use false positives.

What are the consequences of these research issues for develbpérgation strategies? It was
recognized that there is a need for hierarchical analyses: coarselsbalesgreening could help identify
areas for finer scale analyses based on indicators of change.

Investigate trade pathways. It is important to research hexe trtourism, and travel affect biodiversity
and the transport of possible vectors.

The group proposed using wiki-based technology to captutbBef discussions, link to papers, data,

comments, and initiate a community of practice.
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Biodiversity and Human Health:
A Multidisciplinary Approach To Examining the Links

National Museum of Natural History
Baird Auditorium
10th Street and Constitution Avenue, NW
Washington, DC 20013

September 14, 2006

Agenda
8:30 a.m. — 9:00 a.m. Registration
9:00 a.m. — 9:30 a.m. Welcome and Opening Remarks

William H. FarlandDeputy Assistant Administrator for Scien€dfice
of Research and Development, U.S. Environmental Protectiendg

Vice Admiral Conrad C. Lautenbacher, Jr., U.S. Navy (Rehjler
Secretary of Commerce for Oceans and Atmosphere and Adnioristra
National Oceanic and Atmospheric Administration

9:30 a.m. — 10:20 a.m. Biodiversity Decline and Risks Human Health
9:30 a.m. -9:45 a.m. Richard Ostfeld, Institute of
Ecosystem Studies
9:45a.m. —9:55 a.m. Questions and Discussion
9:55 a.m. — 10:10 a.m. Vanessa Ezenwa, Univerffsity o
Montana
10:10 a.m. — 10:20 a.m. Questions and Discussion
10:20 a.m. — 10:45 a.m. BREAK
10:45 a.m. - 11:35 a.m. Disease Emergence in Terrestriakdadarine Environments
10:45 a.m. —11:00 a.m. Rita Colwell, University o
Maryland
11:00 a.m. - 11:10 a.m. Questions and Discussion
11:10 a.m. - 11:25 a.m. Durland Fish, Yale Unitxers
11:25a.m. - 11:35a.m. Questions and Discussion
11:35a.m. —12:00 p.m. Natural Hazards and CoagtBiodiversity
11:35 a.m. — 11:50 a.m. Phil Berke, Universitilofth
Carolina
11:50 a.m. — 12:00 p.m. Questions and Discassio
12:00 p.m. — 12:25 p.m. Soils, Biodiversity, and hks to Human Health
12:00 p.m. —12:15 p.m. Diana Wall, Colorado State
University
12:15 p.m. - 12:25 p.m. Questions and Disounssi
12:25 p.m. — 1:45 p.m. LUNCHon your own)
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1:45 p.m. - 2:35 p.m.

2:35 p.m. —3:00 p.m.

3:00 p.m. — 3:50 p.m.

3:50 p.m. — 4:15 p.m.

4:15 p.m. — 4:40 p.m.

4:40 p.m. — 5:05 p.m.

5:05 p.m. — 5:30 p.m.

5:30 p.m.

Environmental Change and Dissa Risk

1:45 p.m. - 2:00 p.m.

2:00 p.m. — 2:10 p.m.
2:10 p.m. — 2:25 p.m.

2:25 p.m. —2:35 p.m.

Tony Goldberg, University of
lllinois

Questions and Discussion

Gregory Glass, Johns khgpk
University

Questions and Discussion

International Perspective: Researam Environmental Change and

Emerging Human Diseases

2:35 p.m. —2:50 p.m.

2:50 p.m. — 3:00 p.m.

Biodiversity and Medicines

3:00 p.m. — 3:15 p.m.

3:15 p.m. — 3:25 p.m.
3:25 p.m. — 3:40 p.m.

3:40 p.m. — 3:50 p.m.

BREAK

Sibane de La Rocque,
Emerging Diseases in a Changing
European Environment

Questions and Discussion

David Newman, National Cancer
Institute

Questions and Discussion

Roberta Lee, Continuum €ent
for Health and Healing

Questions and Discussion

Applications to the Global &th Observation System

of Systems
4:15 p.m. — 4:30 p.m.

4:30 p.m. — 4:40 p.m.

Josehache, Group on Earth
Observations
Questions and Discussion

Wildlife Trade and Risks to Bdiversity and Health

4:40 p.m. — 4:55 p.m.

4:55 p.m. — 5:05 p.m.

Robert Cook, Wildlife
Conservation Society
Questions and Discussion

Valuation of Biodiversity Begfits to Human Health Outcomes

5:05 p.m. —5:20 p.m.
5:20 p.m. — 5:30 p.m.

Adjournment

Subhrendu Pattanayak, RTI
International
Questions and Discussion
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Biodiversity and Human Health:
A Multidisciplinary Approach To Examining the Links

September 14, 2006

Participants List

José Achache
Group on Earth Observations

Charles Aloe
U.S. Environmental Protection Agency

Mustafa Aral
Georgia Institute of Technology

Mary Arnold
George Washington University

Lindsay Balladarsch
Towson University

David Barmettler
George Washington University

Cassandra Barnes
U.S. Department of Commerce

Hortenzia Beciu
Pan American Health Organization

Philip Berke
University of North Carolina

David Blockstein
National Council for Science and Environment

Michael Bowers
U.S. Department of Agriculture

Sara Boyd
University of Virginia

Heidi Brown
Yale School of Medicine

William Busch
University of Maryland at College Park

Richard Callan
National Institutes of Health

Oscar Carrillo
U.S. Environmental Protection Agency

Robert Chapman

South Carolina Department of Natural Resources

Grace Cheng
U.S. Environmental Protection Agency

James Childs
Yale University School of Medicine

Becki Clark
U.S. Environmental Protection Agency

Gib Clarke
Woodrow Wilson Center

Emily Cloyd
U.S. Department of Commerce

Rita Colwell
University of Maryland Institute for Advanced
Computer Studies

Robert Cook
Wildlife Conservation Society

Jonathan Cox
Yale University

Michael Cranfield
Maryland Zoo in Baltimore

Vinka Craver
University of Virginia

Heather D’Agnes
U.S. Agency for International Development

Fawzi Daoud
U.S. Department of Commerce

Catherine Davis
U.S. Environmental Protection Agency
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Diane Davis
Association of Public Health Laboratories

Roger-Mark De Souza
Population Reference Bureau

Cynthia Decker
U.S. Department of Commerce

Linda Degutis
Yale University

Stéphane de La Rocque
Food and Agriculture Organization of the United
Nations

Laura Dice
George Washington University

Kristin Douglas
Social Security Administration (Intern)

Martin Doyle
University of North Carolina

Clifford Duke
Ecological Society of America

William Effland
U.S. Department of Agriculture

Marilyn Engle
U.S. Environmental Protection Agency

Vanessa Ezenwa
University of Montana

William Farland
U.S. Environmental Protection Agency

Aaron Ferster
U.S. Environmental Protection Agency

Durland Fish
Yale School of Medicine

Joanne Flanders
U.S. Department of Commerce

Desmond Foley
Walter Reed Army Institute of Research

Alex Frank
Smithsonian Institution

Peter Frechtel
RTI International

Alex Fuller-Young
National Council for Science and Environment

Noha Gaber
U.S. Environmental Protection Agency

Mary Gant
National Institutes of Health

Jan Gilbreath
U.S. Environmental Protection Agency

Thomas Gillespie
University of Illinois

Gregory Glass
Johns Hopkins University Bloomberg School of
Public Health

Barbara Glenn
U.S. Environmental Protection Agency

Tony Goldberg
University of Illinois

Iris Goodman
U.S. Environmental Protection Agency

Sarah Goodwin
Smithsonian Institution

Katie Graves
Chemonics International

Katharine Grim
U.S. Environmental Protection Agency

Stephen Guptill
U.S. Geological Survey

Liz Hanna
Public Health Association of Australia

John Hansel
U.S. Department of Commerce

Barbara Hatcher
American Public Health Association

Mary Hayden
National Center for Atmospheric Research
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Graham Hickling
University of Tennessee

Paul Higgins
American Meteorological Society

Elizabeth Hilborn
U.S. Environmental Protection Agency

Elaine Hoagland
[.M. Systems Group

Jennifer Hollahan
Council on Foundations

Cara Honzak
World Wildlife Fund

Laura Jackson
U.S. Environmental Protection Agency

Bruce Jennings
Center for Humans and Nature

Gary Johnston
U.S. Department of the Interior

Brandon Jones
U.S. Environmental Protection Agency

Kelly Jones
Conservation International

Jacques Kapuscinski
U.S. Environmental Protection Agency

Flora Katz
National Institutes of Health

Jon Kaye
Advancing Science, Serving Society (Fellow)

Richard Kearney
U.S. Department of the Interior

Adrienne Keller
National Council for Science and the Environment

Brendan Kelly
Group on Earth Observations

A. Marm Kilpatrick
Consortium for Conservation Medicine

Mi Ae Kim
U.S. Department of Commerce

Uriel Kitron
University of Illinois

Tesa Kochie
George Mason University

Hillel Koren
U.S. Environmental Protection Agency

Nicolas Kulibaba
International Union for Conservation of Nature
and Natural Resources

Eric Lacy
Medical University of South Carolina

Shannon LaDeau
Smithsonian Institution—National Zoo

Conrad Lautenbacher
U.S. Department of Commerce

Laura Ledwith
Conservation International

Roberta Lee
Continuum Center for Health and Healing

Alan Leinbach
U.S. Environmental Protection Agency

Jeffrey LeJeune
Ohio State University

Deanna Lekas
Woodrow Wilson International Center for Scholars

John Lindo
Pan American Health Organization

Caren Madsen
U.S. Department of Commerce

Yvonne Manske
U.S. Environmental Protection Agency

Suzanne Marcy
U.S. Environmental Protection Agency

Kimberly Marshall
U.S. Department of Commerce
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Sabine Marx
Columbia University

Fergus McCowan
Systems Engineering of Australia

Robert McCreight
George Washington University

Melanie McField
Smithsonian Institution

Kelly McManus

National Council for Science and the Environment

Forrest Melton
California State University at Monterey Bay

Suzan Murray
Smithsonian Institution—National Zoo

David Mustra
U.S. Environmental Protection Agency

Candace Nachman
U.S. Department of Commerce

Sreela Nandi
U.S. Department of Commerce

Urvashi Narain
Resources for the Future

Rosita N'Dikwe
George Mason University

Steve Newbold
U.S. Environmental Protection Agency

David Newman
National Institutes of Health

Claudia Nierenberg
U.S. Department of Commerce

Joseph Nigro
National Aeronautics and Space Administration

Judy Oglethorpe
World Wildlife Fund

Carolyn Olson
U.S. Department of Agriculture

Jennifer Orme-Zavaleta
U.S. Environmental Protection Agency

Steve Osofsky
Wildlife Conservation Society

Richard Ostfeld
Institute of Ecosystem Studies

Jon Padgham
U.S. Agency for International Development

Peter Pagano
Smithsonian Institution

Vidisha Parasram
George Washington University

Jae Pasari
University of California at Santa Cruz

Subhrendu Pattanayak
RTI International

Geoff Patton
U.S. Environmental Protection Agency

Miguel Pinedo-Vasquez
Columbia University

Jorge Pinzon
National Aeronautics and Space Administration

Nora Poindexter
Howard University

Montira Pongsiri
U.S. Environmental Protection Agency

Antonietta Quigg
Texas A&M University

Michael Quinn
U.S. Army Center for Health Promotion and
Preventive Medicine

Anand Ramanathan
International Fund For Animal Welfare

Sarah Randolph
University of Oxford

Gloria Rapalee
U.S. Climate Change Science Program

60 The Office of Research and Development’s Nationar@er for Environmental Research



Biodiversity and Human Health: A Multidisciplinay Approach To Examining the Links

Teri Rowles
U.S. Department of Commerce

Heidi Ruffler
University of Maryland

Dan Salkeld
University of California at Berkeley

Kandis Samuels
George Washington University

Paul Sandifer
U.S. Department of Commerce

Terry Schaefer
U.S. Department of Commerce

Elizabeth Scheehle
U.S. Environmental Protection Agency

Michael Schloter

GSF National Research Center for Environment
and Health

Jeffrey Shaman
Oregon State University

Kristi Shaw
Johns Hopkins University

Katharine Shelley
George Washington University

David Skelly
Yale University

Michael Slimak
U.S. Environmental Protection Agency

William Sonntag
U.S. Environmental Protection Agency

Richard Spinrad
U.S. Department of Commerce

Cynthia Stahl
U.S. Environmental Protection Agency

Hal Stanford
U.S. Department of Commerce

Linda Stathoplos

National Oceanic and Atmospheric Administration

Madalene Stevens
U.S. Environmental Protection Agency

Anita Street
U.S. Environmental Protection Agency

Maria Szilagyi
U.S. Environmental Protection Agency

Shirlee Tan
U.S. Environmental Protection Agency

Danielle Tillman
U.S. Environmental Protection Agency

Dominic Travis
Lincoln Park Zoo

Juli Trtan;
U.S. Department of Commerce

Jean Tsao
Michigan State University

Woody Turner
National Aeronautics and Space Administration

Ritu Tuteja
Health Systems Research, Inc.

Richard Vari
Smithsonian Institution

Diana Wall
Colorado State University

Gregory Warr
Medical University of South Carolina

John Waugh
International Union for Conservation of Nature
and Natural Resources

Ronald Welch
University of Alabama at Huntsville

Janet Whaley
U.S. Department of Commerce

Wenying Wu
Smithsonian Institution

Xiangming Xiao
University of New Hampshire
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Ji-Sun Yi Contractor Support
Federal Energy Regulatory Commission
Angela Hays
Steve Young The Scientific Consulting Group, Inc.

U.S. Environmental Protection Agency
Deborah Komlos
The Scientific Consulting Group, Inc.
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Biodiversity and Human Health:
A Multidisciplinary Approach to Examining the Links

Smithsonian Institution
S. Dillon Ripley Center
1100 Jefferson Drive, SW
Washington, DC 20004

September 15, 2006
Agenda

Group #1 — Case Studies on Biodiversity and Human HEgtibm 3037)
Group #2 — Risk Management and Policy (Room 3031)
Group #3 — Mapping Biodiversity and Human Health (RooB530

9:00 a.m. — 10:30 a.m Group Discussions

10:30 a.m. — 10:50 a.m. BREAK

10:50 a.m. — 12:30 p.m. Group Discussions

12:30 p.m. — 1:30 p.m. LUNCH

1:30 p.m. — 3:00 p.m. Group Discussions

3:00 p.m. —3:20 p.m. BREAK

3:20 p.m. — 4:00 p.m. Group Discussions

4:00 p.m. — 5:00 p.m. Summary Report-Out
Room 3037

5:00 p.m. Adjournment
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Case Studies on Biodiversity and Human Health

1.

Identify case studies and disease systems that could shest ar ¢dlear linkage between biodiversity and
human health. Discuss different mechanisms in which changededivdysity can affect human health.
What are the questions that could be applied across diseaseigesthbhd/or new) systems? What are
the likely outputs of such research? How can they be useddisimhmakers to improve health and the
environment?

Risk Management and Policy

2.

Discuss risk management of environmental health problems amddhdevelop intervention strategies
that reconcile conflicts between environmental and health concelisssédsion can help address how the
efforts of public health agencies to control outbreaks ofovdadrne diseases can impact biodiversity.
How can the mismatch in thinking between health and bicgltyegxperts and practitioners be addressed
and resolved? What kinds of data/tools do managers need ftriemtists that could be useful to
decisionmaking?

Mapping Biodiversity and Human Health

3.

Discuss how to use Earth observation and field data to ded&depse risk maps and spatial models to
examine relationships between habitat alteration, biodiverss; lkhanges in pathogen distribution, and
the emergence and spread of vector-borne and zoonotic diseases. Déseasaps could be used as
decision-support tools, enhancing the capacity to do slawed and risk forecasting of ecosystem and
human health; and, they could enable the identification of agteble for pilot projects to study the
relationship between biodiversity change and risks to humathheal

64
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Workshop Discussion: Case Studies on Biodiversignd Human Health

September 15, 2006

Participants List

Robert Cook
Wildlife Conservation Society

Stéphane de La Rocque
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