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Ecologies and Politics of Health

Human health exists at the interface of environment and society. Decades of 
work by researchers, practitioners, and policy-makers has shown that health is 
shaped by a myriad of factors, including the biophysical environment, climate, 
political economy, gender, social networks, culture, and infrastructure. Yet while 
there is emerging interest within the natural and social sciences on the social and 
ecological dimensions of human disease and health, there have been few studies 
that address them in an integrated manner.

Ecologies and Politics of Health brings together contributions from the natural 
and social sciences to examine three key themes: the ecological dimensions of 
health and vulnerability, the socio-political dimensions of human health, and 
the intersections between the ecological and social dimensions of health. The 
thirteen case study chapters collectively present results from Africa, Asia, Latin 
America, the United States, Australia, and global cities. Part I interrogates the 
utility of several theoretical frameworks and conventions for understanding 
health within complex social and ecological systems. Part II concentrates upon 
empirically grounded and quantitative work that collectively redefines health in 
a more expansive way which extends beyond the absence of disease. Part III 
examines the role of the state and management interventions through historically 
rich approaches centering on both disease- and non-disease-related examples 
from Latin America, eastern Africa, and the United States. Finally, Part IV high-
lights how health vulnerabilities are differentially constructed with concomitant 
impacts for disease management and policy interventions.

This timely volume advances knowledge on health–environment interac-
tions, disease vulnerabilities, global development, and political ecology. It offers 
theoretical and methodological contributions that will be a valuable resource for 
researchers and practitioners in geography, public health, biology, anthropology, 
sociology, and ecology.

Brian King is an Associate Professor at the Department of Geography, 
Pennsylvania State University, USA.

Kelley A. Crews is an Associate Professor at the Department of Geography and 
the Environment, University of Texas at Austin, USA and currently is on leave as a 
Visiting Scientist and Program Director at the National Science Foundation, USA.



Routledge Studies in Human Geography

This series provides a forum for innovative, vibrant, and critical debate within 
Human Geography. Titles will reflect the wealth of research which is taking place 
in this diverse and ever-expanding field. Contributions will be drawn from the 
main sub-disciplines and from innovative areas of work which have no particular 
sub-disciplinary allegiances.

Published:

1	 A Geography of Islands
Small island insularity
Stephen A. Royle

2	 Citizenships, Contingency and 
the Countryside
Rights, culture, land and the 
environment
Gavin Parker

3	 The Differentiated Countryside
Jonathan Murdoch, Philip Lowe, 
Neil Ward and Terry Marsden

4	 The Human Geography of East 
Central Europe
David Turnock

5	 Imagined Regional Communities
Integration and sovereignty in the 
global south
James D. Sidaway

  6	 Mapping Modernities
Geographies of Central and 
Eastern Europe 1920–2000
Alan Dingsdale

  7	 Rural Poverty
Marginalisation and exclusion in 
Britain and the United States
Paul Milbourne

  8	 Poverty and the Third Way
Colin C. Williams and Jan 
Windebank

  9	 Ageing and Place
Edited by Gavin J. Andrews and 
David R. Phillips 

10	 Geographies of Commodity 
Chains
Edited by Alex Hughes and 
Suzanne Reimer



11	 Queering Tourism
Paradoxical performances at Gay 
Pride parades
Lynda T. Johnston 

12	 Cross-Continental Food Chains
Edited by Niels Fold and 
Bill Pritchard

13	 Private Cities
Edited by Georg Glasze, Chris 
Webster and Klaus Frantz

14	 Global Geographies of Post-
Socialist Transition
Tassilo Herrschel

15	 Urban Development in Post-
Reform China
Fulong Wu, Jiang Xu and Anthony 
Gar-On Yeh

16	 Rural Governance
International perspectives
Edited by Lynda Cheshire, 
Vaughan Higgins and Geoffrey 
Lawrence

17	 Global Perspectives on Rural 
Childhood and Youth
Young rural lives 
Edited by Ruth Panelli, Samantha 
Punch, and Elsbeth Robson

18	 World City Syndrome
Neoliberalism and inequality in 
Cape Town 
David A. McDonald

19	 Exploring Post-development
Aram Ziai

20	 Family Farms
Harold Brookfield and Helen 
Parsons

21	 China on the Move
Migration, the state, and the 
household
C. Cindy Fan

22	 Participatory Action Research 
Approaches and Methods
Connecting people, participation 
and place 
Edited by Sara Kindon, Rachel 
Pain and Mike Kesby

23	 Time-Space Compression
Historical geographies
Barney Warf

24	 Sensing Cities
Monica Degen

25	 International Migration and 
Knowledge
Allan Williams and Vladimir Baláž

26	 The Spatial Turn
Interdisciplinary perspectives
Edited by Barney Warf and Santa 
Arias 

27	 Whose Urban Renaissance?
An international comparison of 
urban regeneration policies
Edited by Libby Porter and Katie 
Shaw

28	 Rethinking Maps
Edited by Martin Dodge, Rob 
Kitchin and Chris Perkins

29	 Rural–Urban Dynamics
Livelihoods, mobility and markets 
in African and Asian frontiers
Edited by Jytte Agergaard, Niels 
Fold and Katherine V. Gough



30	 Spaces of Vernacular Creativity
Rethinking the cultural economy
Edited by Tim Edensor, Deborah 
Leslie, Steve Millington and 
Norma Rantisi 

31	 Critical Reflections on Regional 
Competitiveness
Gillian Bristow

32	 Governance and Planning of 
Mega-City Regions
An international comparative 
perspective
Edited by Jiang Xu and Anthony 
G.O. Yeh

33	 Design Economies and the 
Changing World Economy
Innovation, production and 
competitiveness
John Bryson and Grete Rustin

34	 Globalization of Advertising
Agencies, cities and spaces of 
creativity
James Faulconbridge, Peter J. 
Taylor, J.V. Beaverstock and C 
Nativel

35	 Cities and Low Carbon Transitions
Edited by Harriet Bulkeley, 
Vanesa Castán Broto, Mike 
Hodson and Simon Marvin

36	 Globalization, Modernity and 
the City
John Rennie Short

37	 Climate Change and the Crisis 
of Capitalism
A chance to reclaim, self, society 
and nature
Edited by Mark Pelling, David 
Manual Navarette and Michael 
Redclift

38	 New Economic Spaces in Asian 
Cities
From industrial restructuring to 
the cultural turn
Edited by Peter W. Daniels, Kong 
Chong Ho and Thomas A. Hutton

39	 Cities, Regions and Flows
Edited by Peter V. Hall and 
Markus Hesse

40	 The Politics of Urban Cultural 
Policy
Global perspectives
Edited by Carl Grodach and 
Daniel Silver

41	 Ecologies and Politics of Health
Edited by Brian King and Kelley 
A. Crews

42	 Producer Services in China
Economic and urban development
Edited by Anthony G.O. Yeh and 
Fiona F. Yang

43	 Locating Right to the City in the 
Global South
Tony Roshan Samara, Shenjing He 
and Guo Chen

Forthcoming:
44	 Gender, Development and 

Transnational Feminism
Edited by Ann M. Oberhauser and 
Ibipo Johnston-Anumonwo

45	 Fieldwork in the Global South
Ethical challenges and dilemmas
Edited by Jenny Lunn



Ecologies and Politics of 
Health

Edited by Brian King and 
Kelley A. Crews



First published 2013 
by Routledge 
2 Park Square, Milton Park, Abingdon, Oxon OX14 4RN

Simultaneously published in the USA and Canada 
by Routledge 
711 Third Avenue, New York, NY 10017

Routledge is an imprint of the Taylor & Francis Group, an informa business

© 2013 selection and editorial matter: Brian King and Kelley A. Crews; 
individual chapters: the contributors

The right of the editors to be identified as the authors of the editorial 
material, and of the authors for their individual chapters, has been asserted 
by them in accordance with sections 77 and 78 of the Copyright, Designs 
and Patents Act 1988.

All rights reserved. No part of this book may be reprinted or reproduced or 
utilised in any form or by any electronic, mechanical, or other means, now 
known or hereafter invented, including photocopying and recording, or in 
any information storage or retrieval system, without permission in writing 
from the publishers.

Trademark notice: Product or corporate names may be trademarks or 
registered trademarks, and are used only for identification and explanation 
without intent to infringe.

British Library Cataloguing in Publication Data 
A catalogue record for this book is available from the British Library

Library of Congress Cataloging in Publication Data 
King, Brian (Brian Hastings), 1973- 
Ecologies and politics of health / Brian King and Kelley A. Crews. 
  p. cm. 
  Includes bibliographical references and index. 
  ISBN 978-0-415-59066-2 (hbk: alk. paper) 1. Environmental health. 
  2. Medical policy. I. Crews, Kelley A. II. Title. 
  RA565.K56 2013				          362.1–dc23 
  2012016552

ISBN: 978–0–415–59066–2 (hbk) 
ISBN: 978–0–203–11552–7 (ebk)

Typeset in Times New Roman 
by Bookcraft Ltd, Stroud, Gloucestershire



Contents

List of figures	 ix
List of tables	 x
Notes contributors	 xi
Acknowledgments	 xvii
Foreword	 xix

1	 Human health at the nexus of ecologies and politics	 1
Kelley A. Crews and Brian King

Part I
Health within social and ecological systems	 13

2	 Positioning health in a socio-ecological systems framework	 15
Kelley A. Crews

3	 Capitals and context: bridging health and livelihoods in 
smallholder frontiers	 33
Leah K. VanWey, James R. Hull, and Gilvan Guedes

4	 Change in tropical landscapes: implications for health and 
livelihoods	 55
Kenneth R. Young

Part II
Empirical approaches to injury and infectious disease	 73

5	 Buruli ulcer disease: the unknown environmental and social 
ecology of a bacterial pathogen	 75
Jiaguo Qi, Lindsay P. Campbell, Jenni van Ravensway, 

Andrew O. Finley, Richard W. Merritt, and M. Eric Benbow

6	 The ecology of injuries in Matlab, Bangladesh	 98
Elisabeth D. Root and Michael E. Emch



viii  Contents

  7	 Human settlement, environmental change, and frontier malaria 
in the Brazilian Amazon	 118
Marcia C. Castro and Burton H. Singer

Part III
Disease histories, the state, and (mis)management	 137

  8	 Vaccines, fertility, and power: the political ecology of indigenous 
health and well-being in lowland Latin America	 139
Kendra McSweeney and Zoe Pearson

  9	 Tsetse and trypanosomiasis: eradication, control, and 
coexistence in Africa	 159
Paul F. McCord, Joseph P. Messina, and Carolyn A. Fahey

10	 Geographies of HIV and marginalization: a case study of 
HIV/AIDS risk among Mayan communities in western Belize	 178
Cynthia Pope

11	 The mosquito state: how technology, capital, and state practice 
mediate the ecologies of public health	 196
Paul Robbins and Jacob C. Miller

Part IV
Health vulnerabilities	 217

12	 Exposure to heat stress in urban environments	 219
Olga Wilhelmi, Alex de Sherbinin, and Mary Hayden

13	 Power, race, and the neglect of science: the HIV epidemics in 
sub-Saharan Africa	 239
Eileen Stillwaggon and Larry Sawers

14	 Disease as shock, HIV/AIDS as experience: coupling social 
and ecological responses in sub-Saharan Africa	 260
Brian King

15	 Challenges and opportunities for future ecologies and politics 
of health	 280
Brian King and Kelley A. Crews

Index	 289



Figures

2.1	 Mapping a health-centered socio-ecological system	 17
2.2	 Primary, secondary, and tertiary domains of a health-centered 

socio-ecological system	 18
2.3	 Digital elevation model of the Peruvian Amazon	 23
3.1	 Population density changes across frontier study sites	 35
3.2	 Human and ecological well-being co-evolve over time	 38
3.3	 Capital returns and portfolios change as smallholder frontiers 

transition	 40
3.4	 Time scale of key endogenous feedbacks	 45
3.5	 Order of capital depletion during illness episode as frontiers evolve	 49
4.1	 Pastoralist choosing grazing areas for a mixed flock of llamas, 

alpacas, and sheep in high elevations of the Peruvian Andes	 57
4.2	 Lowland rainforest as used for swidden cultivation in an Achuar 

indigenous community in the Ecuadorian Amazon	 60
4.3	 Savanna and elephant along the Boteti River in Botswana	 64
5.1	 Countries with historical or current reports of Buruli ulcer cases	 76
5.2	 The distribution of endemic localities in Victoria, Australia 

(1981–2008)	 85
5.3	 Distribution of BU-positive and BU-negative villages in Benin	 87
5.4	 Preliminary BU risk surface for southern Benin and Togo	 90
6.1	 Spatial distribution of Matlab Health and Socioeconomic Survey 

population and accidental injury events (1996)	 107
6.2	 Injury rate per 1000 by household socio-economic status quintile	 107
9.1	L ocation and timing of several campaigns against the tsetse fly across 

sub-Saharan Africa	 163
10.1	 Flag of Belize	 181
10.2	 Billboard in Belize City showing that girls may need to engage in 

sex for money to pay for school tuition	 184
10.3	 Students in an anti-HIV stigma parade in Cristo Rey	 190
11.1	 Three mosquito states of southern Arizona	 210
11.2	 The reinforcing habits of mosquito states, centered on specific 

technics, geared to reproductive phases of the mosquito	 213
12.1	 Intersection of social and ecological dimensions of urban heat stress 

in a vulnerability framework	 229



Tables

  5.1	 The root mean square error values between training and 
verification data sets used in the Bayesian hierarchical modeling 
approach for Benin	 88

  6.1	 Variables included in principal components analysis to create 
socio-economic status index	 105

  6.2	 Sample characteristics and results from univariate analyses	 108
  6.3	 Predictors of injury risk	 109
  7.1	 Types of human settlement in the Brazilian Amazon	 124
  7.2	 Description of high and low malaria risk profile in subarea 4, 

Machadinho, 1986	 127
11.1	R eported West Nile virus activity in the state of Arizona and the 

United States, 2003–2010	 197
11.2	 Differing social and ecological indices in study counties	 203
11.3	 Responses of managers in three counties when asked to rate the 

importance of mosquito abatement techniques	 205



Contributors

M. Eric Benbow is a community and disease ecologist with research interests 
in microbe-invertebrate interactions at multiple spatial and temporal scales. 
As an Assistant Professor of Biology at the University of Dayton, his studies 
focus on understanding how microbe–invertebrate interactions structure 
larger-scale communities and landscapes by both incorporating and testing 
ecological theory in these systems. Ultimately, his research is based in basic 
science and ecological theory with the goal of applications in ecosystem 
management, conservation, disease ecology, and forensics.

Lindsay P. Campbell is a Ph.D. student in the Department of Ecology and 
Evolutionary Biology at the University of Kansas. Her research interests 
involve modeling the spatial distribution of disease vectors, reservoirs, and 
pathogens under changing ecological conditions using geospatial technolo-
gies. She has been involved with research projects in several regions of the 
world, with a specific focus on Buruli ulcer disease in west Africa.

Marcia C. Castro is Associate Professor of Demography in the Department of 
Global Health and Population, Harvard School of Public Health, and Associate 
Faculty of the Harvard University Center for the Environment. Her research 
focuses on modeling determinants of malaria transmission through an inter-
disciplinary approach, with particular emphasis on generating evidence for 
better control strategies; expansion of the Brazilian Amazon frontier, and the 
social and environmental impacts of large-scale development projects imple-
mented in the region; urbanization and health; use of spatial analysis in the 
social sciences; and on population dynamics and mortality models. Castro 
earned her Ph.D. in demography from Princeton University.

Kelley A. Crews, Ph.D., is Associate Professor at the Department of Geography 
and the Environment, University of Texas at Austin, USA and currently on 
leave from there as a Program Officer in the Geography and Spatial Sciences 
Program at the National Science Foundation in Arlington, Virginia, USA. She 
has over fifteen years of experience in the global tropics, where she focuses 
on the vulnerability and resilience of socio-ecological systems in developing 
states via the integration of satellite-derived and field-acquired datasets. Her 
current work examines the fluidity of human reactions to environmental 



xii  Contributors

disturbance as a means of mapping the interplay of both human as well 
as environmental health in the Okavango Delta and central Kalahari of 
Botswana. She is currently appointed as a Visiting Scientist at the National 
Science Foundation where she is a Program Director in the Geography and 
Spatial Sciences program.

Alex de Sherbinin is a Senior Researcher at the Center for International Earth 
Science Information Network (CIESIN), an environmental data and analysis 
center within the Earth Institute at Columbia University. He has published 
widely on population–environment interactions and the human aspects of 
environmental change at local, national, and global scales.

Michael E. Emch, Ph.D., a medical geographer, is Professor of Geography 
at the University of North Carolina at Chapel Hill. He is also Professor of 
Epidemiology and a Fellow of the Carolina Population Center and also directs 
the Spatial Health Research Group at the University of North Carolina. He 
has published widely in the subfield of disease ecology, mostly of infectious 
diseases of the tropical world.

Carolyn A. Fahey is an undergraduate student majoring in International Health 
at Georgetown University with research interests in the political ecology of 
agriculture, nutrition, and health.

Andrew O. Finley is an Assistant Professor at Michigan State University with 
a joint appointment in the Departments of Forestry and Geography, and 
adjunct in the Department of Statistics and Probability. His research interests 
lie in developing methodologies for monitoring and modeling environmental 
processes, Bayesian statistics, spatial statistics, and statistical computing.

Gilvan Guedes is an Associate Professor in the Graduate Program on 
Interdisciplinary Territorial Studies and Director of the Interdisciplinary 
Center on Territorial Studies at the Vale do Rio Doce University. His research 
interests concentrate upon livelihood strategies and land use/cover change in 
small-scale agricultural frontiers, mixed method approaches, and interactions 
between socio-demography and environmental behavior.

Mary Hayden is a Scientist at the National Center for Atmospheric Research 
(NCAR) in the Research Applications Laboratory/Integrated Science 
Program, adjoint faculty at the University of Colorado School of Public Health, 
and a Guest Researcher with the Centers for Disease Control and Prevention 
(CDC). Her research interests are societal impacts and climate change, partic-
ularly weather-, climate-, and health-related links, community participatory 
research, and social mobilization.

James R. Hull is a Postdoctoral Research Associate at the Environmental 
Change Initiative and the Population Studies and Training Center at Brown 
University. His primary research focuses on sociological and social network 
aspects of the population–environment–development nexus, and on under-
standing the role of non-economic factors in economic development. Current 



Contributors  xiii

projects in Thailand and Brazil explore relationships between social structure 
and shifting systems of social and economic exchange, mapping historical 
transformations in the distribution and returns to diverse forms of capital, 
and developing new methodologies for the measurement of multidimensional 
poverty.

Brian King is an Associate Professor in the Department of Geography at the 
Pennsylvania State University. He received his Ph.D. in geography from the 
University of Colorado in 2004 with a certificate in Development Studies. 
His research interests concentrate upon the impacts of conservation and 
development within southern Africa, social and environmental justice, and 
health–environment interactions. His work has recently been extended into 
other thematic and geographic areas, with two separate projects examining 
how environmental variabilities shape livelihood responses in the Okavango 
Delta of Botswana, and how livelihood systems in South Africa are being 
transformed by HIV/AIDS.

Paul F. McCord is a Research Scientist at Michigan State University’s Center 
for Global Change and Earth Observations, where he examines outcomes of 
human–environment interactions as they impact health and resource access 
across sub-Saharan Africa. He begins a geography Ph.D. program at Indiana 
University in the fall of 2012.

Kendra McSweeney is an Associate Professor of Geography at the Ohio State 
University. Working with forest dwellers in Ecuador, Honduras, and Ohio, 
she is primarily interested in how marginalized rural societies respond to, 
and shape, environmental change. These dynamics are always power-laden, 
and can be expressed in surprising ways, including through the health of indi-
viduals and communities.

Richard W. Merritt is currently a University Distinguished Professor of 
Entomology at Michigan State University. His major research interests focus 
on animal–microbial interactions, population dynamics, and the influence of 
environmental factors on immature aquatic insects, especially the Diptera. 
His most recent research has concentrated on the biomonitoring of streams, 
rivers, and marshes and the effects of pollutants on aquatic ecosystems and 
the macroinvertebrates that occur in these water bodies. Dr Merritt is also 
interested in the field of Forensic Entomology and assists police departments 
with crime scene investigations involving insects.

Joseph P. Messina is a Professor in the Department of Geography, the Center 
for Global Change and Earth Observations, and Michigan AgBioResearch 
at Michigan State University. He explores questions on land change science, 
disease ecology, access to healthcare, and spatial methodologies.

Jacob C. Miller is a Ph.D. candidate in the School of Geography and Development 
at the University of Arizona, where he also holds an MA. His research focuses 
on urban experience, affect, identity, and consumption under conditions of 
economic transition and crisis.



xiv  Contributors

Zoe Pearson is a Ph.D. student in geography at the Ohio State University, with a 
graduate minor in Women’s, Gender, and Sexuality Studies. She has studied 
the politics of resource use and management in Ecuador and Honduras, and is 
currently researching the political, ecological, and health implications of inter-
national drug control policy for coca leaf users, growers, and sellers in Bolivia.

Cynthia Pope is Professor of Geography at Central Connecticut State University. 
Her research centers on the interplay of disease, gender, and national security, 
particularly in Latin America and the Caribbean. She has published in inter-
national journals, such as the Journal of International Women’s Studies, as 
well as geography journals, such as the Annals of the Association of American 
Geographers and GeoJournal. She has co-edited two volumes on the changing 
landscapes of HIV: HIV/AIDS: Global Frontiers in Prevention/Intervention 
(Routledge, 2008) and Strong Women, Dangerous Times: Gender and HIV/
AIDS in Africa (Nova Science, 2009).

Jiaguo Qi is Director of the Center for Global Change and Earth Observations 
and Professor in the Department of Geography at Michigan State University. 
His research focuses on two areas: integrating biophysical and social 
processes and methods in understanding land use and land cover change; and 
transforming data into information and knowledge. Dr Qi strives to use case 
studies in different parts of the world to understand the nature of the coupled 
nature–human systems. The geographic extent of his research is global; with 
projects in North America, southeast Asia, east Asia, central Asia, east and 
west Africa, South America, and Australia.

Paul Robbins is Director of the Nelson Institute for Environmental Studies at the 
University of Wisconsin, Madison. He holds a Ph.D. in geography from Clark 
University (1996) and researches the relationship between environmental 
actors (mosquitoes, invasive plants, or elk), diverse publics (homeowners, 
herders, or foresters), and the institutions that connect them (health offices, 
conservation organizations, or planning boards).

Elisabeth D. Root, Ph.D., is an Assistant Professor of Geography and Faculty 
Research Associate at the Institute of Behavioral Science at the University 
of Colorado at Boulder. Her research explores geographical patterns of 
health and disease using quantitative spatial methodologies to understand the 
complex interactions between demographic, socio-economic, and environ-
mental factors that influence human health. She is particularly interested in 
how we can quantify these contextual factors and interactions to better eval-
uate the impact of public health interventions. Dr Root combines traditional 
epidemiological study design, complex spatial statistical methods, as well as 
geographic information systems (GIS) to explore spatio-temporal patterns of 
chronic and communicable diseases. 

Larry Sawers is Professor of Economics at American University in Washington, 
DC. He has written extensively on developing economies with special attention 
to Latin America and sub-Saharan Africa. He authored The Other Argentina: 



Contributors  xv

The Interior and National Development (Westview Press, 1996) and numerous 
articles on the Argentine economy. His publications also include articles on 
Ecuador, Tanzania, and Lithuania, plus works on economic history and urban 
economics. In recent years, his research has focused on the HIV epidemics in 
sub-Saharan Africa, analyzing and modeling the role that endemic diseases 
play in explaining the extraordinary prevalence of HIV in the region.

Burton H. Singer is Adjunct Professor in the Emerging Pathogens Institute and 
Department of Mathematics at the University of Florida. He has served as 
Chair of the National Research Council Committee on National Statistics and 
as Chair of the Steering Committee for Social and Economic Research in 
the World Health Organization Tropical Disease Research (TDR) program. 
He has centered his research in three principal areas: identification of social, 
biological, and environmental risks associated with vector-borne diseases 
in the tropics; integration of psychosocial and biological evidence to char-
acterize pathways to alternative states of health; and health impact assess-
ments associated with economic development projects. He was elected to 
the National Academy of Sciences (1994), the Institute of Medicine of the 
National Academies (2005), and was a Guggenheim Fellow in 1981–1982. 
Singer earned his Ph.D. in statistics from Stanford University.

Eileen Stillwaggon is Professor of Economics and Harold G. Evans-Eisenhower 
Professor at Gettysburg College, USA. Author of AIDS and the Ecology of 
Poverty (Oxford University Press, 2005), Stillwaggon has written exten-
sively on HIV/AIDS in developing nations for scholarly journals and popular 
media. She also wrote Stunted Lives, Stagnant Economies: Poverty, Disease, 
and Underdevelopment (Rutgers University Press, 1998), based on her work 
in informal settlements and public clinics and hospitals in Argentina. Her 
current work involves modeling strategies to improve outcomes and lower 
costs in preventing and treating infectious diseases and congenital infections.

Jenni van Ravensway is a Research Associate at the Center for Global Change 
and Earth Observations at Michigan State University. Her research interests 
involve the development and application of geospatial technologies to analyze 
global change issues that integrate social, terrestrial, and climate systems, 
with a focus in remote sensing and GIS. She has been involved with research 
projects around the globe and has performed Global Positioning System (GPS) 
fieldwork in the US, west Africa, southeast Asia, and Japan.

Leah K. VanWey is an Associate Professor in the Department of Sociology, 
core faculty in the Environmental Change Initiative, and Associate Director 
of the Population Studies and Training Center, all at Brown University. She 
has studied and continues to research processes of migration and household 
livelihoods, primarily in developing countries. Leah studies population and 
environment relationships in the Brazilian Amazon, using in-depth interview 
and social survey data linked with satellite imagery. She also is currently 
studying social and economic drivers and consequences of large-scale agri-
cultural intensification in Brazil, social and ecological consequences of the 



xvi  Contributors

Belo Monte Hydroelectric Project in Brazil, and the impacts of climate vari-
ability on migration and interhousehold transfers in Mexico.

Olga Wilhelmi is a geographer whose research interests are geographic infor-
mation science, societal impacts, vulnerability, and adaptive capacity to 
extreme weather events and climate change. She works at the National Center 
for Atmospheric Research in Boulder, Colorado as a Research Scientist and 
the head of the GIS program.

Kenneth R. Young is a Professor in the Department of Geography and the 
Environment of the University of Texas at Austin. He is interested in the 
biogeography and conservation of the Global Tropics. He has done much of his 
research in the Andes and Amazon, using landscape and regional approaches 
to evaluate environmental change. He was co-editor, with Thomas Veblen 
and Antony Orme, of The Physical Geography of South America (Oxford 
University Press, 2007).



Acknowledgments

This book is the product of the efforts of multiple individuals who deserve our 
sincere thanks. The development of this project began with a series of paper 
sessions, titled “Ecologies and Politics of Health,” that were held during the 
2009 Association of American Geographers Annual Meeting. The participants 
in those sessions generated thoughtful and challenging insights that informed 
the approach we took with Ecologies and Politics of Health. We are deeply 
appreciative for our contributors who were tireless in meeting deadlines while 
ensuring the highest quality of work. We would like to thank Routledge for 
providing the supportive and stimulating environment that allowed this project 
to take shape from initial proposal to final product. Our managing editor, Faye 
Leerink, was remarkably helpful as the various stages unfolded. Because the 
majority of the chapters contained herein were peer-reviewed, we benefited 
from the generosity of numerous anonymous referees who provided extremely 
helpful and timely feedback.

Brian King would like to thank particular individuals who assisted with 
several of the chapters at various stages. Jamie Shinn helped with literature 
reviews for some of the material on structural vulnerabilities to health. Kayla 
Yurco was extremely helpful with a literature search on ecologies and politics 
of health that informed the writing of Chapter 1, and also provided critical 
feedback on Chapter 14. The nature society working group at the Pennsylvania 
State University helped review earlier versions of Chapters 1 and 14, and their 
time and insights are greatly appreciated. Some of the research that informed 
Chapter 14 was advanced by a National Science Foundation CAREER grant 
(BCS/GSS 1056683).

Kelley A. Crews would like to gratefully acknowledge the support of the 
Humanities Institute at the University of Texas at Austin (UT). That Faculty 
Fellowship not only provided time to migrate into health-based research but, 
moreover, offered constructive feedback for the development of that endeavor, 
leading to support as a US Fulbright Faculty Research Fellow in the Africa 
Regional Research Program for HIV/AIDS. During that period, interactions with 
Botswana-posted US Peace Corps workers Patrick Gallagher, Richard Rain, and 
Stacy Wallick were invaluable in disentangling locally relevant human health 
issues. The UT Population Research Center’s NIHCD R24 Center’s Grant (5 R24 
HD042849) provided critical seed money for field research resulting in generous 



xviii  Acknowledgments

support from the National Science Foundation (BCS/GSS SGER, BCS/GSS 
RAPID 0942211, and BCS/GSS 0964596), facilitating fieldwork and concomi-
tant research that over the years have honed her thinking on the intersections of 
environmental health and human health processes and local outcomes, and the 
importance of these to socio-ecological systems, function, and theory.



Foreword

Integration has become the hallmark of much research and scholarship in the first 
part of the twenty-first century, with few topics of study benefiting more than 
that of human–environment relationships. This integration runs contrary to the 
dominant analytical and theoretical trends of the twentieth century, which sepa-
rated the human (social) and environmental (biophysical) domains of these rela-
tionships. This separation was a response, in part, to nineteenth-century attempts 
to reduce understanding of the human subsystem to an environmental one, and, 
subsequently, the conceptual and theoretical successes emerging from the study 
of the human subsystem independently. The current return to integrative under-
standing of human–environment relationships follows from breakthroughs in 
genetics and evolutionary-led sociobiology, and from a growing concern with 
the Anthropocene, in which humankind has become a force approaching nature 
in affecting the Earth system. In either case, the need to put the pieces of the 
human–environment puzzle back together again is increasingly recognized in 
both research and practice. For the last concern, advances in complex adaptive 
systems research have helped to formalize characteristics and outcomes of the 
system as a whole, not found in an examination of its individual parts, such as 
legacy effects, non-linear relationships, thresholds, and emergent properties. 
Real-world applications seeking more sustainable human–environment condi-
tions reveal that system complexity leads to different outcomes in different 
contexts, indicating that panaceas are unlikely.

Multiple approaches, or topical domains associated with an approach, seek to 
understand phenomena and processes that are the outcome of human–environ-
ment relationships—risk–hazard/vulnerability studies, political ecology, human 
ecology, sustainability science, disease/health ecology, to name a few. Ecologies 
and Politics of Health adds another: “hybrid sociopolitical–ecological health.” As 
a cluster, these approaches examine the systemic whole through various lenses of 
integration. This orientation, however, does not render reductionist approaches 
mute. We are not at some moment in which “normal science” has become passé. 
Indeed, much of it underpins complex systems analysis and forms the founda-
tion for understanding the processes at play in either of the human–environ-
ment subsystems, as it does in the medical sciences informing human health 
research. Caution is warranted, however, for those cases in which system prin-
ciples or lessons may be gleaned from one subsystem and applied uncritically 
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to the other or the system as a whole—a tendency, if unintended, emanating 
from some venues in the natural and complex system sciences. Likewise, caution 
is warranted regarding “confirmational bias,” which Andrew Vayda (2009) 
finds recurrent in some social–environmental systems approaches anchored in 
the social sciences, especially those employing the label “political.” This bias 
involves uncritical acceptance of a metatheory that diverts attention away from 
alternative factors and processes at play in the outcome (event or phenomenon) 
of the system. As I understand them, the hybrid approaches in this volume heed 
these cautions.

The label hybrid typically carries several meanings: (i) the use of quantita-
tive and qualitative data and analytics, or mixed methods; (ii) an appreciation 
for multiple explanatory perspectives used to frame and inform the human–
environment problem; and (iii) the development of an explanatory framework 
that fuses or mixes post-positivist, structural, and constructivist perspectives. 
The last meaning is largely implied in calls for integrated theory and is suffi-
ciently ambitious, if not logically impossible, to deter attention from it. Rather, 
hybrid human–environment approaches, more often than not, employ alternative 
understandings to inform the base research approach for the practitioner. Hybrid 
practice is intended to enlarge the phenomena and processes considered in the 
research problem by exploring multiple ways of identifying them and under-
standing their possible roles.

What does all this mean for research on human health? Conceptually, a wide 
range of factors, processes, principles, and theories are open to consideration and 
actually explored. For example, the suspicious P (population), at least from the 
lens of some political ecologists, is considered along with unequal entitlements 
and empowerment, factors that may be omitted in some conventional assess-
ments. The attributes of P, including its sheer size and density, matter for many 
human health problems, but these attributes also include age, gender, and social 
status, among others that affect entitlements to healthcare. Analytically, alterna-
tive ways of knowing are employed as checks and balances on one another. For 
example, quantitative tests or models are informed by qualitative understanding, 
altering their configuration and, presumably, their performance. Likewise, 
metatheory-led narratives may be put to test, when applicable, potentially 
revealing the role of variables and processes otherwise muted by the metatheory. 
In short, hybrid human–environment approaches—or at least those that capture 
my attention and are represented in Ecologies and Politics of Health—appear to 
be less concerned with championing an explanatory perspective or metatheory 
and more concerned with understanding the multiple dimensions of complex 
relationships through mixed methods.

This understanding resides firmly in Pasteur’s quadrant of a pure-to-applied 
research matrix (Stokes 1997), in which basic research is undertaken on soci-
etally framed problems with an eye towards informing real-world solutions. 
This link of research to practice reinforces the need to address the multiple 
dimensions of human health systems because their complexity leads to vari-
ance in place-based outcomes of otherwise similar systems. Such variance 
can prove problematic for setting policy or programs, an impediment that can 
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be amplified where decision-makers are circumscribed by mission, political 
boundaries, or other limits that mute their interest or capacity to deal with the 
health problem holistically. How might such bounded decisions be made more 
congruent with the complexity of sociopolitical–environmental system asso-
ciated with the health problem? One current popular response is through the 
co-production of the problem and its analysis by the scientist–researcher and the 
practitioner–decision-maker. 

Human health science has always involved co-production, at least in the sense 
of research undertaken on societally defined problems. Recall the research quad-
rant named for Pasteur (above) and the research undertaken by the World Health 
Organization or the US Centers for Disease Control and Prevention, all of which 
respond to societally defined health problems. Recall as well the number of 
successes from pasteurization to the global eradication of smallpox and rinder-
pest. These successes, as I understand them, are founded largely on techno-
methodological breakthroughs or panaceas. In contrast, this volume points to 
co-production that, more often than not, moves well beyond simple panaceas. 
The problem framing and solutions account for the concerns of different socio-
economic units (e.g., stakeholders), especially those actually affected by the 
health problem, the roles of different levels of decision-makers, institutions and 
governance, and the participation of a range of research specialists (medical to 
social). Just as the hybrid approaches in this volume inform us that understanding 
human health issues systemically requires an expansive perspective, they also 
point to complex co-production linkages for successful health applications. This, 
I believe, is a major take-away lesson of Ecologies and Politics of Health.

Billie Lee Turner, II
Gilbert F. White Professor of Environment and Society

School of Geographical Sciences and Urban Planning
School of Sustainability

Arizona State University
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1	 Human health at the nexus of 
ecologies and politics
Kelley A. Crews and Brian King

Human health exists at the interface of environment and society. Decades of work 
by researchers, practitioners and policy-makers has shown human health to be 
shaped by a myriad of factors, including the biophysical environment, climate, 
political economy, gender, resource access, immune systems, social networks, 
culture, and infrastructure. Research has concentrated upon infectious and 
non-infectious disease patterns to examine exposure and vulnerabilities within 
diverse contexts. Other studies have analyzed the ways that environmental and 
ecological factors contribute to the spread of disease, reduce quality of life and 
well-being, and shape the possibilities for healthy decision-making. The growth 
of the environmental justice movement in the United States, and its subsequent 
expansion around the world, is a reminder of inequitable exposure to carcino-
gens and other pollutants that are a product, at least in part, of political and 
economic systems. The environmental justice concept has broadened since its 
origins by addressing how disproportionate access to social and environmental 
amenities, such as green space and recreational opportunities, contribute to 
human health. A major theme of these research studies and social movements 
is that human health is increasingly understood as being shaped by social and 
ecological systems that intersect across multiple spatial and temporal scales. 
Yet while there is continued, and emerging, interest within the natural and 
social sciences on the social and ecological dimensions of human disease and 
health, there have been few studies that address them in an integrated manner. 
The central objective of this volume is to bring together contributions from the 
natural and social sciences to examine the social and ecological dimensions of 
human health. Ecologies and Politics of Health is intended to make substan-
tive contributions by addressing three key themes: the ecological dimensions 
of health and vulnerability, the socio-political dimensions of human health, and 
the intersections between the ecological and social dimensions of health. This 
volume combines theoretical, methodological, and heuristic contributions from 
various disciplines to provide a fuller understanding of the multiple and varied 
dimensions of human health. Investigating the nexus of the ecologies and poli-
tics of health necessarily involves moving beyond critique in order to establish a 
new and integrated realm of theory and practice that is greater than the sum of its 
parts. Specifically, Ecologies and Politics of Health works to demonstrate what 
this hybrid approach offers to research and policy beyond simply socializing the 
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ecological or ecologizing the social. That is, to call for integrating the social and 
natural sciences into a multidisciplinary (or even interdisciplinary) approach 
is neither new nor helpful. Rather, what is needed is an approach to health that 
leverages these fields not merely to supplement each other but to fuse them 
together in ways that are unanticipated, synergistic, and transformative.

An immediate concern at the outset is defining what is meant by human health. 
A common feature of many studies is that health is understood primarily as the 
absence of disease. Part of this conceptualization derives from the biomedical 
model, which focuses upon the pathology, biochemistry, and physiology of a 
disease. Disease pathology studies the physical locations where disease exists, 
centering upon organs, body tissues, fluids, and whole bodies. Biochemistry 
examines the human body as an organism, focusing upon the structure and 
function of cells and biomolecules. Finally, physiology studies the mechanical, 
physical, and biochemical functions of living organisms. The central point is 
that these three components of the biomedical model—pathology, biochemistry 
and physiology—locate the human body as the site of illness. The result is that a 
disease such as acquired immune deficiency syndrome (AIDS) is seen as deriving 
from the human immunodeficiency virus (HIV) that is transmitted through 
sexual activity, intravenous drug use, blood transfusions or other activities that 
facilitate the transfer of bodily fluids. West Nile virus (WNV) is spread through 
mosquitoes that follow particular disease vectors, vectors that are changing due 
to climatic variabilities and ecological gradient shifts. Absent these infectious 
diseases, or exposure to carcinogens, extreme heat, or other factors that produce 
ill-health, the biomedical model suggests an individual body is free from disease 
and is therefore presumed healthy.

This narrow definition of health has not been as widely employed within the 
policy and governmental realms. The 1946 Constitution of the World Health 
Organization defines health as a “state of complete physical, mental and social 
well-being and not merely the absence of disease or infirmity” (in Grad 2002: 
984). The Constitution continues in identifying health as a right of every human 
being irrespective of social, economic, religious, and ethnic differences, and that 
the “health of all peoples is fundamental to the attainment of peace and security” 
(Grad 2002: 984). The Ottawa Charter for Health Promotion (1986) discusses 
the promotion of health as including the realization of aspirations, satisfac-
tion of needs, and the ability to adjust to the environment. The Ottawa Charter 
specifically identifies the following as the fundamental conditions for human 
health: peace, shelter, education, food, income, ecosystem stability, sustainable 
resources, social justice, and equity. This expansive understanding of human 
health challenges definitions and approaches that emphasize health strictly as 
the absence of disease. Additionally, these criteria require a framework that does 
not reduce its spatial and temporal analysis to center only upon the individual 
body that is afflicted but rather situates that person within her particular socio-
ecological context. Human health exists at the interface of environment and 
society; therefore, the linkages across spatial and temporal scales, the networks 
that produce vulnerability and healthy decision-making, and the stability of 
social and ecological systems, are all critical elements shaping health. The broad 
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conditions for human health identified by the Ottawa Charter are present in the 
varied contributions of Ecologies and Politics of Health. Whether it concerns 
the ways that increased access to resources improve quality of life and reduce 
potential vulnerabilities to illness, the importance of ecosystem functioning in 
providing services and protection from exogenous threats, or the likely future 
disruptions due to climate change, we understand health more broadly than the 
absence of disease. Central to this volume, therefore, is a conceptualization of 
human health that is centered upon social and ecological security, well-being, 
equity, and sustainability.

In examining human health at the nexus of ecologies and politics, it is impor-
tant to first consider the reciprocal though asymmetrical feedbacks of social 
and ecological processes. “Ecologies of global health” is a phrase that simul-
taneously captures several important dimensions of the complexities of global 
health research. First, while the discipline of ecology assesses the abiotic and 
biotic interactions in a given system, there are other “compound ecologies” that 
supplement this perspective in understanding global health. Landscape ecology 
(Forman and Gordon 1986; Forman 1995; Turner et al. 2001) and spatial ecology 
(Tilman and Kareiva 1997) recognize the importance of the spatiality of these 
interactions. The field of political ecology has been influential in interrogating the 
underlying power structures at work in these systems. Yet even with these contri-
butions, few studies effectively combine both a critical (e.g., political ecology) 
and scientific (e.g., ecology) approach, and fewer still add a spatial nuance to 
those assessments. The ecology-driven approach has been critiqued for ignoring 
socially imperative conditions and potentially deliberate ignorance of constructs 
that should address such concerns (Peet and Watts 2004), while concomitantly 
socio-political approaches have been critiqued for failing to address the impor-
tance of ecological processes (Walker, P. 2005). While we acknowledge that a 
thoroughly integrated ecologies and politics approach, or alternatively a coupled 
natural human framework, is essential for moving health and health research 
forward (NRC 2010), it is first necessary to disentangle what the ecological and 
socio-political components offer in supporting their integration.

An ecological grounding facilitates our understanding of human health in 
two ways. First, factors impacting health, whether positively or negatively, still 
predominantly move through time and space (Cutter and Solecki 1996; Rushton 
2003; Arcury et al. 2005; Koch 2005). This spatio-temporal explicitness can 
be seen, for example, with precipitation trends under climate change scenarios 
that will impact the carrying capacity of food insecure areas based upon their 
geomorphological, hydrological, climatological, and topographic position. To be 
sure, different people, households, and communities can be differentially situ-
ated in their abilities to adapt or migrate to processes of change; however, it is 
likely that the ecological component provides a baseline or potential for basic 
health maintenance. That is, while there is a biophysical reality that for non-ecol-
ogists can be a contested terrain (cf. Latour 1993), it separates “the [health] envi-
ronment” from individual or community perceptions and from interpretations of 
both agency and structuration (Callinicos 2004). To illustrate, consider the case 
of Lois Gibbs and Love Canal (Gibbs 1982). Lois Gibbs’s family’s and neighbors’ 
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disproportionate exposure to underground chemical waste toxins can be assessed 
from a number of critical theoretical approaches as to causation, as to intent, and 
as to meaning; but the occurrence, the actual measurable toxins residing in the 
bodies of Love Canal residents from that exposure, was an observable and quan-
tifiable reality. Rather than supplanting the socio-political factors in any way, an 
ecological perspective serves to ground our understanding of human health. The 
Love Canal case reveals that a thorough engagement with the ecologies of health 
can serve to emphasize the disproportionate spatial and temporal exposures due 
to race, class, or other socially constructed categories, in addition to highlighting 
the future challenges for producing healthy societies and environments.

Second, an ecological perspective positions the point of inquiry in situ; namely, 
that the human health condition is inherently tied to that set of systems in which it 
is placed, be they urban or rural, individual or community, indoors or outdoors. 
Artificially separating humans from the environment surrounding them ignores 
the reciprocal relationships between human health and ecosystem health, and 
between human vulnerability and ecosystem vulnerability. The danger of this 
separation is to potentially overlook causative and/or preventative measures that 
come from the insight of placing health in its environmental context (see Snow 
1855 for a classic early example on cholera outbreaks in London). While it might 
be tempting to see the ecological as being more important in infectious disease 
patterns than it is in non-infectious disease or even in well-being, the reality 
remains that human health is a complex interplay both manifesting and further 
impacting ecological, climatic, and socio-political drivers. Ignoring an urban 
dweller’s physical residence in areas of high traffic-related pollution, little green 
space, or with buildings outfitted with outdated synthetic paints and carpets is 
what misled diagnoses of chronic health problems including asthma (Whittemore 
and Korn 1980), obesity (Ebbeling et al. 2002), nature deficit disorder (Louv 
2005), and sick building syndrome (Redlich et al. 1997).

While research on the ecologies of global health has expanded in recent 
decades, so too has scholarship within the social sciences on the socio-polit-
ical dimensions of human health. In a related manner to the ecological perspec-
tive, work within the social sciences has concentrated upon examining external 
factors shaping disease vulnerabilities and health decision-making, in addi-
tion to revealing how they operate across multiple spatial and temporal scales. 
As one example, the field of political ecology has been extended to examine 
how large-scale social, economic and political processes contribute to human 
disease (Mayer 1996). This approach has expanded in recent years, whether the 
studies centered upon the effects from violent conflict (Oppong and Kalipeni 
2005), exposure to industrial pollution (Cutchin 2007), or the effects of aquacul-
ture development upon indigenous perceptions of economic and environmental 
health (Richmond et al. 2005). Within the discipline of geography, much of the 
work has concentrated upon disease exposure models and healthcare accessi-
bility, often through the employ of quantitative techniques of data collection and 
analysis. Gesler (2003) suggested that medical geography expanded into several 
new areas since the 1980s, including examinations of the distribution of health 
services (Mohan 1991; Cromley and Albertson 1993), production and persistence 
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of health inequalities (Hayes 1999; Smyth 2005), and the intersections between 
disease and gender (MacIntyre et al. 1996). More recently, research has directed 
attention towards subjects that are “indicative of a distancing from concerns with 
disease and the interests of the medical world in favor of an increased interest 
in well-being and broader social models of health and health care” (Kearns and 
Moon 2002: 606). In the investigation of socio-political processes shaping disease 
transmission, healthcare, and the places of health, a number of these studies have 
drawn from social and cultural theory to engage with new epistemologies and 
methodologies, thereby productively expanding the frame to address disability 
(Dear et al. 1997), mental health (Parr 1998), and sexuality (Brown 2006).

Outside of geography, other research fields have contributed to understand-
ings of human health with a focus upon how various socio-political processes 
unfold over time and space. Medical anthropology has attended to the political 
and economic dimensions of human disease (Baer 1996; Harper 2004) which 
has been extended with interdisciplinary scholarship on the emergence of health 
threats due to climate change (Costello et al. 2009). The field of public health 
has been invaluable in demonstrating the importance of social context, while 
critiques of the biomedical model have asserted that social networks and relation-
ships are vital in understanding health and well-being. Work within social epide-
miology has evaluated nested interactive systems that are seemingly produced 
by exogenous factors, in addition to local structures and relationships (Krieger 
2001). While concentrating upon social, political, and economic processes across 
multiple scales, some of these fields have also incorporated ecological and envi-
ronmental perspectives in their analyses. In an early promotion of an ecoso-
cial epidemiology framework, Krieger (1994: 896) suggested that: “Different 
epidemiologic profiles at the population-level would accordingly be seen as 
reflecting the interlinked and diverse patterns of exposure and susceptibility that 
are brought into play by the dynamic intertwining of these changing forms.” 
Environmental historians have productively shown how understandings of public 
health have changed over time thereby reworking perceptions of disease causa-
tion and environment–body interactions (Nash 2006). Additionally, an historical 
framework has been helpful in demonstrating how the geography of an infectious 
disease, such as malaria, can shift due to aggressive interventions and ecosystem 
transformation (Packard 2007).

These varied contributions have simultaneously deepened and broadened 
understandings of the socio-political dimensions of human health. Regardless, 
less attention has been directed to the ways in which socio-political and biophys-
ical processes interact in producing disease, reworking vulnerabilities to illness, 
or shaping health decision-making (King 2010). Building upon previous work 
on the political ecology of disease, emerging studies leverage broader contribu-
tions from the field to understand social and ecological interactions and discur-
sive constructions of disease and health (Hanchette 2008; Mulligan et al. 2012). 
Disease vulnerability is often directly connected to environmental factors, and 
has been shown by the environmental justice movement, can be interlinked with 
race, ethnicity, class, and other social categories that experience differential 
exposure to unhealthy conditions (Bullard 2005). The expansion of the concept 
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of environmental justice on the global scale alludes to the unfortunate parallels 
in these patterns in various settings, even if they vary due to socio-ecological 
context (Walker, G. 2012). Recognizing the socio-political dimensions of human 
health, therefore, reveals how age, class, gender, culture, and other social catego-
ries intersect with political economies and ecological conditions that produce 
inequities in human health and variations in exposure to disease.

Embedded in these research fields and conceptual frameworks are constructs 
and tools for understanding the ecological and socio-political dimensions of 
human health. We argue, however, that a framework for evaluating the integra-
tion of the ecologies and politics of health has yet to emerge as a viable, critical, 
and necessary means of addressing some of the world’s most pressing health 
issues. As such, we believe Ecologies and Politics of Health is unique for several 
reasons. First, while several research subfields, such as disease ecology, medical 
anthropology, and social epidemiology, offer insights into the social and ecolog-
ical dimensions of human health, the intersections between them are often under-
developed. The consequence is that the ecological processes serving as drivers 
for human health might not be integrated with analyses attesting to the impor-
tance of social and political factors. While the ecological study of disease, and 
to a lesser extent health more generally, is advancing from primarily biological 
vector transmission models to explicitly incorporating socio-economic factors, 
the multiscale heterogeneity of disease vulnerability is rarely acknowledged. 
Additionally, understanding how human health is differentially vulnerable to 
environmental changes, including those due to climate change, increasing urban-
ization, or any number of ecological and environmental factors, is not always 
integrated into the object of study. As one example of this, in their review of the 
linkages between HIV/AIDS and the natural environment, Bolton and Talman 
(2010) conclude that detailed assessments remain largely anecdotal with few 
studies addressing the environmental and ecosystem impacts of the disease. The 
consequence is that the growth of studies on the impacts for agricultural produc-
tion and food security has not been similarly matched by analyses of the long-
term ecological impacts of the epidemic.

Similarly, health studies that concentrate upon environmental conditions that 
produce poor health, or analyze proximity to sites of infection, often say less 
about how these locations are produced by political and economic processes over 
time and space. Returning to the example of HIV/AIDS, differential exposure to 
the disease is shaped by a variety of social and ecological factors that interact 
in producing vulnerabilities to the disease while constraining effective policy 
responses for those afflicted. One of the distinguishing features of Ecologies 
and Politics of Health is that, rather than approaching socio-political and ecolog-
ical factors separately, each of the chapters addresses the intersections between 
the social and ecological dimensions of human health. The contributors were 
deliberately selected to ensure that their chapters would attend, at least in some 
measure, to both the ecological and socio-political factors related to their case 
studies. Second, a primary objective of this volume is to draw together research 
from both the natural and social sciences addressing the social and ecological 
dimensions of human health. As such, this collection includes a notable diversity 
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of disciplinary perspectives, normative intentions, theoretical perspectives, and 
methodological approaches. We believe that in order to understand the reali-
ties of human health, research studies within these domains must engage with 
each other. This volume is structured to do exactly this in order to generate key 
insights for future research and practice on human health.

Ecologies and Politics of Health draws upon case studies from local to global 
scales and across the rural–urban gradient. Many of the chapters address compo-
nents of infectious disease historically and in the contemporary era, ranging from 
the human-transmitted HIV/AIDS to insect-transmitted diseases, and, further, to 
a disease of unknown vector ecology. In addition to the focus upon infectious 
disease, a number of contributors provide analyses of non-infectious disease 
such as heat-related illness, injury, and a critical overview of the interactions 
of infectious disease, immune status, nutritional status, and parasite loading. 
The thirteen chapters that follow collectively present results from Africa, Asia, 
Latin America, the United States, Australia, and global cities. A theme running 
throughout all of the chapters is the need for interdisciplinary rather than multi-
disciplinary research that is spatially explicit, temporally precise, and locally 
relevant. Time lags, spatial mismatch, and failure to recognize local resident 
priorities have challenged attempts at appropriate health management, and there-
fore environmental management, at times leading to unintended negative conse-
quences. This volume serves as a reminder that the natural environment, the 
human condition, and the world’s socio-political structure are not static; they are 
dynamic phenomena that are best understood as endogenous to a broader health 
system, rather than exogenous variables or shocks disrupting health periodically. 
The contributors also collectively demonstrate how socio-political and ecological 
processes intersect, and are often integrative, in shaping human health across 
spatial and temporal scales.

Regardless of the disciplinary, theoretical, and methodological diversity, there 
are some clear themes that emerge from these chapters that were used to structure 
the four parts of the volume. To address the challenge of a health paradigm with 
interacting ecologies and politics, Ecologies and Politics of Health engages with 
explorations of theoretical frameworks, empirical assessments, and discursive 
analyses. Part I, “Health within social and ecological systems,” presents three 
chapters that interrogate the utility of several theoretical frameworks and conven-
tions for understanding health within complex social and ecological systems. 
Though these chapters are conceptual rather than empirical in their collective 
approach, each chapter is advanced from the perspective of considerable invest-
ment in fieldwork, primarily in tropical developing countries. Crews (Chapter 
2) and Young (Chapter 4) examine in turn socio-ecological systems (SESs)1 and 
coupled natural–human (CNH) systems as productive lenses working to blend 
the natural and social sciences. Crews offers a framework adapting SES to health 
research by explicitly focusing on four domains: environmental endowment, 
social infrastructure, cognitive resonance, and immune function. Young focuses 
on the interplay of livelihoods and health in a changing climatic context, and his 
discussion of livelihoods, as with VanWey et al. (Chapter 3), draws examples 
from decades of work in the tropics. VanWey et al. also leverage previous and 
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ongoing research in smallholder frontiers to posit the benefit of a broader defini-
tion of health that encompasses the ability to invest in capital(s), whether these 
are natural, physical, financial, human, or social.

Part II, “Empirical approaches to injury and infectious disease,” moves to 
empirically grounded and quantitative work that collectively redefines health in a 
more expansive way to move beyond mere presence or absence of disease. These 
chapters, intent upon considering geographic and even bacterial frontiers, present 
findings from four continents that exhibit the policy relevance of this line of 
health research. Qi et al. (Chapter 5) compare findings from two ongoing studies 
in west Africa and Australia that examine ecological, geographic, climatic, 
and social factors related to Buruli ulcer disease, a devastating illness with a 
currently unknown disease ecology. Given that climatic and socio-economic 
conditions differ substantially between Australia and most west African coun-
tries, the resulting assumption is that Buruli ulcer disease is likely related to 
dynamic interactions between humans and the natural environment. Castro 
and Singer (Chapter 7) present work on malaria, an illness with a well-known 
disease ecology, and examine the roles of changing land use (see also Young, 
Chapter 4) and settlement in frontier areas (see also VanWey et al., Chapter 3). 
Root and Emch (Chapter 6) complement this work with examples from research 
in Bangladesh but on injury rather than disease. Much of the health literature 
focuses on infectious and non-infectious disease, yet in the developing world in 
particular, injury is implicated as one of the greatest and arguably preventable 
causes of economic loss through missed labor.

Part III, “Disease histories, the state, and (mis)management,” examines the 
role of the state through historically rich approaches centering on both disease- 
and non-disease-related examples from Latin America, eastern Africa, and the 
United States. Insect-borne disease (e.g., trypanosomiasis and dengue), human-
transmitted disease (e.g., HIV/AIDS), and human reproductive health (e.g, indig-
enous fertility) each showcase the complexities, consequences, and externalities 
deriving from varying types and levels of state intervention. McCord et al. 
(Chapter 9), along with Robbins and Miller (Chapter 11), examine the history 
of insect management (tsetse flies and mosquitoes) and disease management by 
various state and non-state agencies. The importance of the role of government 
managers and related path dependencies on technical fixes is a thread running 
through both of these chapters. The shifting construction of state-centered narra-
tives around these histories forefronts the importance of state control whether 
in colonial Africa or in the contemporary United States. Interestingly, moving 
to human-transmitted HIV/AIDS, Pope (Chapter 10) finds the state treatment 
by Belize of Mayan communities with respect to HIV/AIDS to strongly echo 
colonial stereotypes and legacies in the contemporary era. McSweeney and 
Pearson (Chapter 8) extend the analysis of state activities surrounding health by 
examining how population serves as a mechanism for active interventions on 
peoples and territory. In their chapter, fertility is considered in terms of political 
strategies around defending and securing access to land and resources, specifi-
cally the survival and well-being of indigenous populations against external 
threats. Within this framework, external health interventions, whether they be 
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vaccination or family planning, can be seen as part of larger state attempts to 
secure knowledge and control over indigenous populations and territories.

Part IV, “Health vulnerabilities,” begins with two current and salient chal-
lenges to health researchers: climate and HIV/AIDS. In each case, a central theme 
of vulnerability is highlighted in how health matters are constructed by, in, and 
for different communities. Whether the urban poor, the elderly, or HIV-positive 
communities, disempowerment remains one of the broadest health challenges 
faced today. Chapter 12 by Wilhelmi et al. presents a non-infectious disease (heat 
stress) that is tightly linked to climate change. Their global analysis of urban areas 
indicates that urban heat island (UHI) effects not only are correlated with many 
aspects of urban heat intensification, but moreover do not impact all populations 
equally: the elderly, for example, are at greater risk of non-fatal and fatal illness 
from increased core temperatures. Furthermore, the urban populations typically 
most vulnerable to heat-related illness often tend to be the poorer demographics, 
raising concerns of environmental justice. Equity issues are also at the heart of the 
investigation by Stillwaggon and Sawers (Chapter 13) into the historical legacy of 
racial stereotypes. The epidemics in sub-Saharan Africa present three-quarters of 
the world’s HIV/AIDS cases, and the behavioral paradigm largely has indicated 
that concurrency (multiple overlapping sexual partnerships) is the reason for rates 
so incredibly higher than in the rest of the world. While early epidemiological 
research included ecological factors, Stillwaggon and Sawers assert that the domi-
nant approach somehow lost the ecological way and focused on (hetero)sexual 
behavior to the exclusion of most other potential factors. Documented relationships 
between HIV/AIDS and co-factor diseases prevalent in the region (e.g., malaria, 
schistosomiasis, and tuberculosis), nutritional status, and parasite loading argue 
for a return to a more fully ecologized perspective. King (Chapter 14) also centers 
on HIV/AIDS in sub-Saharan Africa, but does so with the intention of challenging 
conventional narratives surrounding the disease. Specifically, he argues that the 
conceptualization of HIV/AIDS as a shock to social and ecological systems is 
belied by emerging research attesting to the long-term and disparate impacts of 
the epidemic. Emphasizing alternative methodological strategies for studying the 
disease, the chapter argues that HIV/AIDS might be better conceptualized as a 
coupled socio-ecological experience that extends beyond the individual to fami-
lies, health workers, livelihoods, and natural resource systems.

Chapter 15 concludes by drawing upon shared themes and lessons that are 
informative for future research and policy interventions. Future research and 
practice on the ecologies and politics of health needs to deepen our understand-
ings of the ecological dimensions of health and vulnerability, the socio-political 
dimensions of human health, and the intersections between the ecological and 
social dimensions of health. We posit that the ecologies and politics of health 
framework proposed here is a viable, timely, and needed way forward for that 
challenge. Whether the case studies attend to HIV/AIDS, heat stress, West Nile 
virus, or Buruli ulcer disease, we believe evaluating them in concert raises again 
the challenge for researchers, practitioners and policy-makers to move the health 
agenda forward in a way that is geographically, ecologically, and demographi-
cally equitable.
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Note
1	 Note that the abbreviation SES is used in this book to denote “socio-ecological 

system,” and we have therefore avoided using the same abbreviation for “socio-
economic status,” in order to avoid confusion. The latter term is therefore given in 
full throughout the book.
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Health within social and 
ecological systems





2	 Positioning health in a socio-
ecological systems framework
Kelley A. Crews

Overview
The socio-ecological system (SES) framework has been articulated as robust, 
interdisciplinary, integrative, and adaptable (Young et al. 2006; Janssen et al. 
2007; Ostrom 2007, 2008, 2009; Collins et al. 2011; Niedertscheider et al. 2012). 
Its strength draws not only from understanding the human and the environment, 
but by epistemologically placing them as interacting systems that may both be 
comprised of and comprising other systems as well. This chapter explores the 
utility of a health-centered SES framework for interrogating and improving 
health and health studies. Four primary domains are offered for consideration: 
environmental endowment (EE), social infrastructure (SI), cognitive resonance 
(CR), and immune function (IF). The pair-wise areas of overlap, or secondary 
domains, offer synergies for improved understanding as illustrated with exam-
ples from fieldwork in the global tropics. Examination of tertiary domains or 
intersections yields insight into previous systematic omission of key factors 
in health-related research. The health-centered SES framework supports the 
utility and adaptability of the general SES framework and provides promise for 
improved understanding and analysis of health and health studies.

Introduction
The charge of this volume is to address the socio-political dimensions of human 
health, the ecological dimensions of health and vulnerability, and particularly the 
intersections, tensions, and synergies between the two (see Chapter 1). Human 
health is a pressing topic and, as underscored with vulnerability studies (Cutter 2003; 
Turner et al. 2003), one arguably most in need of not multidisciplinary but interdis-
ciplinary approaches, interweaving lessons learned from both the “natural” and the 
“social” sciences (see also the Foreword to this volume by Billie Lee Turner, II). To 
this end, this chapter explores the utility of positioning health in the socio-ecological 
system (SES) framework to improve health-centered research as well as to leverage, 
test, and extend the this framework, SES posits the multitier interplay of social 
systems and natural systems through the operationalization as a resource system 
(RS) comprised of resource units (RU) that, coupled with a governance system (GS) 
composed of users (U), will interact in the presence of related ecosystems (ECO) 



16  Kelley A. Crews

and social, economic, and political settings (S) to interact and produce (observable) 
outcomes (Ostrom 2008). This evolving paradigmatic scheme was neither intended 
to have each factor fully implemented in every possible study nor, by extension, to 
be uniformly operationalized across multiple investigations (Ostrom 2008). Part of 
the power of the SES framework is thus its adaptability to varying systems, places, 
times, and thematic foci. Ostrom (2008, 2007) articulated the SES framework as 
a means of studying a system by examining the reciprocal impacts of both social, 
economic and political settings as well as related ecosystems on a combination of 
resource system, resource units, governance system, and users where multiple inter-
actions produce the system outcomes. The system, she suggested, was similar to 
Koestler’s 1973 description of a Holon, where it was both a whole unit unto itself 
but also simultaneously part of a larger entity; this nesting of tiers within tiers is 
what she described as one of the greatest challenges for research (Ostrom 2008, p. 
249). Conceptually this nesting can be understood through the epistemological lens 
of scaling known as hierarchy theory (Allen and Starr 1982; Allen and Hoekstra 
1992; Ahl and Allen 1996), where perhaps the SES “system” maps to hierarchy 
theory’s “scale of interest” and is part of a larger entity (the scale “above,” which 
provides context) and is further comprised of “subsystems” (hierarchy theory’s scale 
“below,” which provides mechanics). While Ostrom explicitly mentions nested tiers, 
hierarchy theory reminds those investigating multiscale phenomena that hierarchies 
need not necessarily be nested and, in fact, often are not (Peterson and Parker 1998). 
For the purposes of testing centering the SES framework on health to explicitly ecol-
ogize and politicize health, this chapter leaves for now the consideration of spatial 
scaling, temporal character, and system/subsystem construction that have received 
recent attention (Ostrom 2009; Gunderson and Folke 2011) to focus on the funda-
mentals of how the domains of the SES framework might be construed to better 
position health studies.

In so considering its application, it is useful to briefly visit key departures and 
outgrowths of previous efforts in the broadly construed area of human–environ-
ment interactions with an eye, ultimately, to leveraging it as means of incorpo-
rating both an ecologically and politically rich exploration of health. While it is 
worth noting that early epidemiological work explicitly considered the environ-
ment as critical for understanding human health (for a related discussion, see 
Chapter 13), the social sciences for the most part did not. Early medical geography 
(e.g., Meade 1977; Meade et al. 1988), with a focus on topological relationships, 
and political science both examined the proximity of people to environmental 
“goods” (e.g., healthcare services—see e.g. Gesler and Meade 1998; Gesler et 
al. 2000) and environmental “bads” (e.g., toxic waste disposal sites—see e.g. 
Bowman and Crews-Meyer 1997). Hazards studies added the examination of 
(disproportionate) exposure to catastrophic events (e.g., Cutter 1996), while the 
environmental justice literature and interest groups drew attention to the socio-
economically (in addition to spatially) uneven nature of (harmful) environmental 
exposure (Bullard 1990; Lester et al. 2001). Meanwhile, some medical geography 
and spatial epidemiology researchers moved to examine the vectors of infectious 
disease as a way of tracking, forecasting, and mitigating many (notably tropical) 
human infectious diseases (for a review, see Albert et al. 2000). A critique of much 
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of the above work is that the focus on catastrophic exposure, environmental bads, 
and disease clusters seems to have in part precluded an examination of positive 
aspects of human health and its relation the environment, with recent attention 
by physicians, landscape architects, and city/regional planning to green space, 
urban pollution, physical activity and cardiovascular/ pulmonary health notwith-
standing (e.g., Hancock 1993; Northridge et al. 2003). Further, “health” at this 
time was often presumed to be the absence of disease, rather than a system unto 
itself meriting attention to genetic, behavioral and environmental components 
(Ware 1987). Certainly health studies broke into this realm, but social scientists 
engaged in understanding the interplay between humans and their environment 
for the most part did not for several years to come.

Primary domains of health
As shown in Figure 2.1, this chapter posits four distinct thematic areas as the 
primary domains of a health-centered SES: environmental endowment (EE), 
social infrastructure (SI), cognitive resonance (CI), and immune function 
(Figures 2.2a–d). In some ways these domains can be seen to reflect what have 
been described as types of capital (Bebbington 1999; Ellis 2000), though they do 
not necessarily map directly, exclusively, exhaustively, or completely onto them 
(for an extended review of the five types of capital, see Chapter 3). EE perhaps 
most simply maps onto what is termed natural capital as does immune function 
as a component of human capital. SI maps most directly onto social capital, but 

Cognitive Resonance
(CR)

Social
Infrastructure

(SI)

Immune Function
(IF)

Environmental
Endowment

(EE)

HEALTH

Figure 2.1	 Mapping a health-centered socio-ecological system.
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as will be discussed here has aspects that could be linked to physical capital (e.g., 
sidewalks), financial capital (e.g., government financial support), and human 
capital (e.g., capacity building experience) as well. CR as conceptualized here 
is not explicitly addressed in the breakdown of capital types and in some ways 
falls outside that framework, though presumably could partially be considered 
as human capital. EE refers to the natural resources and ecosystem services in 
an area at a given time. In a multitemporal perspective these would necessarily 
have been impacted by a variety of factors including but not limited to climatic, 
edaphic and hydrological processes, biotic and abiotic interactions, and human 
use/management. Here, for the sake of clarity, consider the EE at a snapshot in 
time—perhaps at the moment of human colonization. The EE will have bedrock 
and often soils of a certain quality: these soils, if present, will have physical and 
chemical characteristics that make them more or less fertile, able to hold water, 
and—depending upon the topography—spatially stable. There may or may not be 
present both surface (e.g., lake or ice cap) or subsurface (e.g., aquifer) waters also 
of a quality more or less suitable for a variety of consumptive or non-consump-
tive uses. The area, existing at a particular latitude in a particular topographic 
(continental position and elevation) with given temperature and precipitation 
regimes, will (likely) have some combination of flora and fauna corresponding 
to that biome. Taken together, these amenities and processes further provide not 
only habitat (for shelter, feeding, and reproduction) but amenities such as shade 
and ecosystems services such as water filtration. This EE may be used effectively 
or not, and its amenities may or may not even be accurately perceived by humans 
in the area; but the characteristics of it exist apart from such perception or use 
and can be mapped into systems space (e.g., see Walker et al. 2004).

a

d

b

e

c

f



Figure 2.2 Primary, secondary, and tertiary domains of a health-centered socio-ecolog-
ical system.

Note: (a–d) The primary domains of the health-centered SES, each highlighted in grey: 
(a) environmental endowment (EE), (b) social infrastructure (SI), (c) cognitive resonance 
(CR), and (d) immune function (IF). (e–j) Secondary domains, or pair-wise overlaps of 
the primary domains, each highlighted in grey: (e) EE and CR, (f) CR and SI, (g) SI and 
IF, (h) IF and EE, (i) CR and IF, and (j) EE and SI. (k–n) The tertiary combinations, 
with non-white areas representing overlap of three of the four primary domains without 
respect to the fourth, and lighter grey areas representing that overlap that falls exclusively 
outside of the fourth area (the portion differing represented in darker grey): (k) all but SI, 
(l) all but IF, (m) all but EE, and (n) all but CR. (o) Health as the intersection of all four 
primary domains, highlighted in grey.
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The SI of a system (shown in Figures 2.1 and 2.2b) is here defined as including 
components both tangible (e.g., sidewalks, medical centers, and roads) and 
intangible (or not directly tangible, though they may produce tangible benefits—
e.g., social networks, family support, and village cohesion). Disentangling the 
mechanics of and interactions within Social Infrastructure certainly presents 
a ripe field for exploration, much of which has been conducted, for example, 
under the auspices of human–social dynamics (e.g., Moran 2010), but is beyond 
the scope of this chapter. SI is meant to represent the social side of the system, 
as EE represents the ecological side of the system in the SES framework. Taken 
together, the two represent the incarnation of brackets of a SES as amenable to 
a focus on health with the two other primary domains meant to further tailor 
the SES for this purpose. IF (displayed in Figures 2.1 and 2.2c), as the name 
suggests, represents the ability of an individual (or a group of individuals) 
to both respond effectively to charges against the immune system and allow 
for proper physical and mental development. Nutrition status is an important 
component of IF, both in terms of macro-nutrition (adequate calories consumed 
to maintain body function and energy levels) and micro-nutrition (vitamins and 
minerals needed, often in trace amounts; Chandra 1997; Friis and Michaelsen 
1998). Macro-nutrition standards promulgated by entities such as the World 
Health Organization indicate at what levels humans are capable of maintaining 
vital body function, staying healthy for most of the year, and allowing individ-
uals to perform work. Micro-nutrients are indicated as being linked to targeted 
immune system and developmental failures, such as selenium and tuberculosis 
or zinc and childhood development (Friis and Michaelsen 1998; Köhrle et al. 
2000). IF clearly also is impacted by disease history, genetics/predispositions, 
general condition, and parasite loading (Chandra 1997; Hayward and Gorman 
2004; Stillwaggon 2006).

Lastly, CR (illustrated in Figures 2.1 and 2.2d) is used to represent the 
complexities of environmental perception and residence time (personal, 
familial and culture group). CR can be thought of as the set of factors that 
influence a person’s or a group’s familiarity with the system. Typically, longer 
residence time (again, of a person or a group) generates greater system famili-
arity, presuming the system has remained relatively similar through time. A 
person who has lived in the same region of a tropical rainforest for several 
decades is more likely, all else being equal, to be familiar with the inner work-
ings of that system. Similarly, a younger generation raised by an older genera-
tion with residence time in the same system will also inherit greater familiarity. 
Historical (cultural) tradition is another way in which familiarity is increased, 
as lessons are passed on from generation to generation (and not necessarily by 
those within the household or family unit) within a cultural group. A person’s 
environmental perception (or the collective perception of a group of people) is 
necessarily impacted by the availability of information, the accuracy of that 
information, and—in terms of both environment and health—by residence 
time. Taken together, these factors comprise CR and are critical for under-
standing the way in which the system is perceived, decisions made (or not), and 
actions taken (or not).
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Secondary domains
The term “secondary domains” is used here to represent the overlap of pair-wise 
combinations of the primary domains; these six areas of overlap are represented 
in Figure 2.2e–j. Understanding these intersections allows for assessing the theo-
retical and practical synergies of this adaptation of the SES framework. These 
intersections are critical for the proper assessment of system process in much the 
same way that interactions are important in statistical representations of relation-
ships of inter-related variables: that intersection, or interaction, presents a situ-
ation where the whole is greater than the sum of the parts. That is, when those 
two elements co-occur (empirically or theoretically), they each act differently 
to produce an outcome beyond which would normally be expected from either 
component without their interaction.

The intersection of EE and CR is shown in Figure 2.2e. The environment 
in any given SES has a certain set of spatio-temporal behaviors that include 
the first- and second-order variation of that system across time (and space). 
Following basic denotations of first- and second-order derivatives, here first-
order variability is simply the variability in the system (high to low) while 
second-order variability indicates the variability of that variability. That 
is, a system could exhibit high first-order variability but low second-order 
variability, indicating high but predictable variability. The EE may exhibit 
low (first-order) variability (e.g., rainfall and temperature in the Brazilian 
Amazon tropical rainforest) or high variability (e.g., rainfall and temperature 
in temperate forests of Europe). That variability may be consistent over time 
(consistently variable, that is—e.g., the seasons in the northeastern US) or may 
remain highly variable but change the nature of its variability (high second-
order variability such as flooding cycles in Botswana’s Okavango Delta or 
glacial melt in the Andes; Neuenschwander and Crews 2008; Bury et al. 2011). 
The temporal environmental variability of a system has a signal that can be 
decomposed into trends (non-cyclic), cycles (e.g., annual and seasonal), and 
structured residuals that can be further decomposed into transitory (tempo-
rary) signals and stochastic (chance) events or disturbances (Jassby and Powell 
1990; Rodriguez-Arias and Rodo 2004). Previous work in the Okavango 
Delta region over a 14-year period reported both seasonal and near-decadal 
cycles in precipitation and vegetation vigor as well as a slight longer-term 
trend (Neuenschwander and Crews 2008) punctuated by many discrete distur-
bances. As multiple cycles go in and out of phase atop longer term trends and 
disturbances, it is easy to understand how predictability becomes more diffi-
cult. Particularly as second-order variability increases, the predictability of 
the system tends to decline. This unpredictability is separate from a person’s 
or group’s perception of it, but certainly impacts the ability of humans to 
adequately gauge how the system will behave in the future.

Recall, however, that CR also includes personal and group residence time, 
including cultural familiarity. That is, someone who has experienced a certain 
set of environmental system behaviors for the previous decades is more likely 
to understand and be able to forecast how the system may behave in the future, 
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and this may in turn impact the actions or inactions taken (Morrison 1967; 
Toney 1976; Bell 1992; Lober 1993; Mena et al. 2006; Silvano and Begossi 
2010). This ability may come from personal residence time, from familial resi-
dence time, or from the knowledge of one’s culture group even if not experi-
enced first-hand. In 2010 (29 May–1 June), twenty interviews were conducted 
(in SeTswana) along the Boteti River outflow system of Botswana’s Okavango 
Delta to assess people’s perceptions of the river’s return after being dry for 
nearly three decades. Those who had lived in the area for four decades or more 
not only remembered back to when the river had flown but more interestingly 
reported many more positive than negative reactions to the river’s return (and 
“life will be better for us”). Similarly, even younger adults who had never 
seen the river but who were from a fishing (river) culture (the Bayei) found 
the return overwhelmingly positive. One middle-aged male said “I thought we 
were going to have to leave to go to Shakawe [part of the Delta’s permanently 
flooded panhandle] so we could live, but now we can stay … the river makes 
me happy.” When specifically prompted for any negatives regarding the river’s 
return, these groups with greater familiarity of “river culture” responded 
that “there might be crocodiles and alligators, but that is natural” (emphasis 
added). In stark contrast, those interviewed who were not from a river culture 
and had no household members with residence time enough to have seen the 
river’s earlier days volunteered primarily negative reactions: “the children 
will die” and “many dangerous animals will come and then they will kill our 
livestock and eat our cattle”. A high percentage of these people also reported 
fear that the river is what brings lumpskin disease to their cattle, which in 
effect would knock out the only source of savings most people have. When 
specifically questioned as to positive reactions to the river, a few reported not 
having to go so far for water and several were unable to mention benefits of the 
returning river—an interesting reaction from someone living in a semi-desert. 
Thus, examining familiarity (CR) of a system along with that system’s envi-
ronmental endowment (EE) and characteristic variability offers insight into 
people’s (perceived) environmental vulnerability (Yanes-Estévez et al. 2006) 
and provides an important backdrop for understanding health in both socio-
political and ecological contexts.

CR also plays an interesting role in its overlap with SI, shown in Figure 2.2f. 
The relationship between these two primary domains is often self-reinforcing 
and at times reciprocal. That is, for a given population or person in a given 
system, the person’s expectation of SI (e.g., government services) will over time 
be impacted by the availability or lack thereof of those services. That infra-
structure may in turn be changed by [here] the government in response to 
local demands for such services. In 2007 (8–21 March), ninety interviews were 
conducted (in Spanish) along the Ucayali River in the Peruvian Amazon, just 
upstream (south) of its confluence with the Marañon where the Amazon River 
is formed, as shown in Figure 2.3. The goal of the interviews was to understand 
both human health and environmental health given the recent change in precipi-
tation cycles bringing drought to many areas of the Amazon just a few years 
earlier (Asner et al. 2004). 
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Of the communities visited, two in particular had evidence of significant 
external investment in infrastructure. Jenaro Herrera, settled a little over 50 
years ago on the eastern banks of the Ucayali River, underwent significant infra-
structure improvements throughout the central portion of the 5000-person town 
with raised concrete sidewalks, paved roads, improved storm drainage and sewer 
system, and a doctor-staffed medical clinic. In the 39 interviews conducted there, 
many people reported minor to moderate medical ailments (e.g., asthma) as well 
as terminal illness (cancer), seemingly despite the area having the best medical 
care in the region outside Iquitos. In contrast, the smaller village Cedro Isla 
(over 90 years old, with population of roughly 150) had a non-staffed medical 
clinic, cracking sidewalks, and non-electrified electrical infrastructure. Yet in 
this village concerns focused more on malaria and diarrhea, complaints more 
common to other areas interviewed. One of the primary non-governmental 
organizations (NGOs) in the area had pulled out because of the local population’s 
refusal to pen their pigs, with resulting high levels of porcine-related communi-
cable disease. The NGO had been out of the area for several years, and people 
were used to living without a doctor, with free-running pigs, and without access 
to sewage or electricity. Their level of demand for medical care, and their atten-
tion to their own health, had deteriorated since that departure. The residents of 
Jenaro Herrera, by contrast, had become accustomed to a higher level of overall 
daily health, reported greater preventative measures (particularly for prenatal 
patients), and a greater emphasis on “luxury” medical care (e.g., attention to 
minor ailments or referral to Iquitos and even Lima for addressing grave issues 

Figure 2.3	 Digital elevation model of the Peruvian Amazon.

Source: NASA SRTM (Shuttle Radar Topography Mission)
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such as cancer—thought by area medical staff to go undiagnosed in most such 
remote areas). Thus the level of SI can impact an individual’s or group’s CR, both 
in general and in particular with health-related matters and services.

Not surprisingly, there is also a compelling and rather well-documented 
secondary domain or overlap between SI and IF, illustrated in Figure 2.2g. 
Part of the SI contribution to improving IF comes in the form of preventative 
care, access to pharmaceuticals, and critical care. But much also comes in the 
form of education by government and NGO workers, such as HIV/AIDS aware-
ness, notably including the ABC ( abstinence first, be faithful second, and use 
condoms third) and PMTCT (prevention of mother to child [vertical] transmis-
sion). But SI extends well beyond educational campaigns as well. For example, 
SI as defined here would include access to enriched or fortified foods, which have 
a clear and documented impact on IF (Chandra 1997; Köhrle et al. 2000; Foster 
2008). However, it is important to note that the availability or lack thereof of 
resources may not and, typically, will not be homogeneous among the system’s 
human population (Ribot 1998). Access, both in terms of physical accessibility 
(how close or far are the goods or services, by what means of transportation) 
and in terms of institutional accessibility (the standing, ability and power to 
negotiate through rules of a system) is rarely equivalent across genders, ages, 
ethnicities, social classes, occupations, citizenship status, and even health status 
(Ribot and Peluso 2003). Similarly, not all environments are created equal, and 
the spatial heterogeneity of environmental amenities may help some and harm 
others. The overlap between IF and EE (illustrated in Figure 2.2h) often means 
that people are unknowingly exposed to environmental bads or kept from envi-
ronmental goods without their knowledge (Bullard 1990; Lester et al. 2001). 
Returning to fieldwork along the Ucayali River in the Peruvian Amazon, three 
settlements offer an interesting juxtaposition: Yanallpa, Jenaro Herrera, and 
Cedro Isla, all established within roughly 40 years and 50 km of each other, 
with Cedro Isla on the western banks and the rest on the eastern banks (see 
Figure 2.3). But interviews and site inspection reveal they are worlds apart: 
Yanallpa has terra preta (black earth) soils so rich that they allow permanent 
(non-fallowing) agriculture and the cropping of fruit trees (fruits sold down-
stream to the Iquitos market). Just downstream, Jenaro Herrera has poor soils 
(planted for 1–2 years and then need fallowing for 4–15 years) and was posi-
tioned along the river where flooding caused the complete destruction of their 
port. Cedro Isla, on the western banks, is so filled with scroll bars that under 
10 percent of the area’s land is arable (explaining the free-range pigs, since the 
land is otherwise useless). When settlers came from the Andes Mountains into 
the Amazon, they lacked any local knowledge to inform them of what the best 
lands would be. The natural vegetation in each village looks extremely similar, 
and only digging into the soils reveals their heterogeneous EE. And yet the 
legacy of those soils (e.g., as observed through the abundance, diversity, and 
rigor of useful plant species), the impact on the communities’ micro- and macro-
nutrition (enhanced by non-toxic and edible plant species), and thus immune 
response is clear today, as is the legacy of their lack of familiarity with the area 
when choosing where to establish their new lives. This exemplifies one way in 



A socio-ecological systems framework  25

which cognitive resonance (CR) and IF overlap (see Figure 2.2i). Another way 
is clearly through the traditions and practices of observing what foods to eat or 
which traditional and non-traditional medicines work (e.g., Rappaport 1968). 
That is not to say that CI always works in the favor of IF. According to the staff 
doctor in the Jenaro Herrera medical clinic, the misuse of traditional medicines 
was one of the leading causes of illness and fatality, after malaria and drowning. 
In Chapter 14 of this volume, Brian King examines the ways in which how health 
is theorized matter, especially with respect to envisioning disease generally and 
HIV/AIDS specifically as a shock to social and ecological systems versus as a 
socio-ecological experience (emphasis added). The literature on perceptions/ 
education and health practices is vast, and will not be recounted here; rather, the 
point is to acknowledge the important overlap between CR and IF, most espe-
cially with regards to human health.

The last secondary domain or area of overlap is that between the EE and SI 
(see Figure 2.2j). This interplay is really at the heart of the SES framework, and 
can be traced to several lines of thought deriving in some part from the field 
of human–environment interactions (e.g., see Moran 2010). Human–environ-
ment interactions, whether as a topic of study or an ontological perspective, 
are interesting in that in essence it posits the separation nature of humans from 
the environment. Were they not conceptualized as separate, there would be 
no need to examine their interactions (e.g., see Glacken 1967 for a recounting 
of this conceptualization for the last few millennia, and see especially the 
Foreword to the present volume). Cultural ecology’s emphasis on the immer-
sion of people in their environment and the relationships among culture groups 
or ethnicities, tradition, and natural resource use clearly provides a lens for 
understanding the role of environment in the everyday lives of people, partic-
ularly at a localized level (Geertz 1973; Blaikie and Brookfield 1987). Though 
some early studies focusing on health or nutrition were perhaps misguided in 
their causal connection of humans and their environment (Rappaport 1968), 
they did provide needed attention in the social sciences to the explicit consid-
eration of human health and environment beyond simple exposure studies. 
Political ecology incorporated a more spatially and institutionally expan-
sive means of understanding humans and the environment (Bassett 1988; 
Batterbury 2001; Zimmerer and Bassett 2003; Peet and Watts 2004; Robbins 
2004) and how they changed the landscape (Turner and Robbins 2008), though 
the increasing focus on institutions and access perhaps came at the expense 
of an explicit focus on the ecological or environmental sphere (Forsyth 2002; 
Walker 2005). As with cultural ecology, most studies seemed to focus on the 
developing world (for a notable contrast, see Chapter 11). It was during this 
period that two thematically similar but methodologically distinct research 
traditions emerged: nature–society and population–environment interac-
tions. Again, the legacy of first separating humans as encapsulated and 
apart from the environment and then examining their interplay wove its way 
through many studies. Some have referred to the primary difference between 
the nature–society and population–environment interactions traditions as 
simply either qualitative–quantitative or theoretical–empirical. Both of these 
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characterizations have elements of truth but are misleading and underestimate 
the breadth of approach in each. Suffice it to say that these bodies of work 
have certainly produced both publications and scholars whose work has been 
influential in the development and application of the SES framework (Lambin 
et al. 2001; Geist and Lambin 2002; Entwisle and Stern 2005; Rindfuss et 
al. 2004; Moran 2010; and for the population–environment interaction/land 
change science forerunner to SES, see notably Liverman et al. 1998; Gutman 
et al. 2004; Turner et al. 2004). Today, many SES-like approaches often are 
viewed under the rubric of coupled natural–human systems or sustainability 
science (for a comprehensive take on both, see especially Turner et al. 2003), 
depending upon their origin, focus, or even funding. Splitting the hairs of 
these complex and important bodies of work is beyond the scope of this 
chapter; rather, their similarities and differences provide entrée into how a 
SES can be tailored to focus on human health in ecologically and politically 
compelling ways.

Tertiary domains
Beyond the primary domains (EE, SI, CR, and IF) and their pair-wise areas 
of overlap (“secondary domains”), there exist a set of trio overlaps (“tertiary 
domains”), as illustrated in Figure 2.2k–n. With the secondary domains, 
interrogating their overlap allowed for theorizing potential synergies useful 
for adapting the SES framework to a health-centered focus. With the tertiary 
domains, instead it is useful to consider briefly instead what leaving out the 
fourth primary domain in each case would omit or do differently. Figure 2.2k–n 
demonstrates these intellectual territories in two ways, showing in two grey 
tones the complete area of overlap without considering the fourth primary 
domain and showing in lighter grey only the area of overlap explicitly acknowl-
edging but excluding that fourth domain.

For example, Figure 2.2k indicates the overlap among EE, CR, and IF: that is, 
excluding SI. Arguably, this is what one era of epidemiological work did when 
it examined disease outbreaks without regard to social networks, provision of 
fortified foods, or health education campaigns (Stillwaggon 2006; Foster 2008). 
Current medical anthropology has reinvigorated the call for the inclusion of 
these non-medical, non-environmental factors as critical for understanding why 
some communities are disproportionately affected by infectious disease, such 
as the tendency of lower-class/inner-city residents to suffer from higher rates 
of mosquito-borne disease (such as malaria, where micro-breeding habitats are 
associated with poorer neighborhoods: Fischer and Schweigmann 2008; Grove 
2009; Tuiten et al. 2009). Moving to Figure 2.2l, the implications of excluding 
the immune system from health studies seem preposterous: yet as Sawers and 
Stillwaggon (2010) document (see also Chapter 13 of the present volume), an 
entire subfield of HIV/AIDS research in effect did just that by failing to account for 
immuno-suppression stemming from an overtaxed immune system responding 
to ongoing parasite loading, micro-nutrient deficiencies, and co-factor diseases 
(Abu-Raddad et al. 2006; Foster 2008).
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Figure 2.2m illustrates the exclusion of the environment (EE), and harkens to 
early “cancer cluster” research of the 1970s and 1980s. The tragic exposure, espe-
cially of children, to the unmitigated burial of toxic waste in Love Canal under-
scored to advocates, residents, and scholars that when disease outbreaks exhibit 
such spatio-temporal clustering there often is an underlying environmental cause 
(Tobler 1970), made clear by Snow’s ground-breaking work on cholera in London 
(Snow 1855; note also Koch 2005). It is not only infectious disease which impli-
cates environmental factors but chronic disease as well (Hayward and Gorman 
2004; see also Chapter 12 of the present volume). Asthma, for example, has rela-
tively recently been linked to air pollution (Whittemore and Korn 1980; Sunyer 
et al. 1997). Figure 2.2n illustrates the last of the tertiary domains whereby the 
social, the ecological, and the immune-related are considered but without regard 
to individual and group familiarity with the other system components (CR). 
Many literatures, academic and medical, have documented the need to include 
local understanding, culture, and tradition as important components in under-
standing health and facilitating healthy populations. What is clear, then, is that 
the SES framework, when morphed to center on health, must make room for 
people’s perceptions and traditions in all other domains. To be clear, it is not that 
the SES framework excludes that possibility and in fact posits two areas where 
CR is indeed important: knowledge of SES (factor U7 of the users factors) and 
information sharing among users (factor I2 of the interactions factors; Ostrom 
2008: 250). Further, as stated earlier, the SES framework was neither intended 
to perfectly represent all systems in all spatio-temporal contexts nor meant to be 
homogeneously applied with the same factors in every case. What instead it does 
is offer a powerful basis and jumping off point for theorizing its potential for 
better envisioning health.

Convergence
At the heart of all the overlapping primary domains is of course health (see 
Figure 2.2o). It has been argued here that health can and should be placed at the 
center of an SES framework, and that by doing so previous omissions in health 
studies are filled and new perspectives emerge from leveraging topics, theories, 
and applications from both natural and social sciences. The environmental, the 
social, the cognitive, and the immune: together these provide fertile ground for 
complementing studies focused on exposure (e.g., with the means to understand 
the motivation behind people’s perceptions, decisions, and actions that may 
exacerbate or ameliorate the initial environmental exposure), vulnerability (e.g., 
recognizing intra-, inter-, and extra-personal threats to or adaptations to vulner-
ability), and well-being (notably the linkages between healthy ecosystems and 
healthy human populations). Taken together, these provide a tent large enough 
to consider factors as seemingly diverse as soil quality and sexual networks 
because in fact there are theoretical and material means for hypothesizing and 
testing their interaction(s). In concert, these illustrate the powerful adaptability, 
and thus utility, of the SES framework, and underscore its potential for properly 
positioning health and health research.
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3	 Capitals and context
Bridging health and livelihoods in 
smallholder frontiers

Leah K. VanWey, James R. Hull, 
and Gilvan Guedes

Introduction
This chapter approaches the complex, dynamic, and multiscale relationships 
entailed in the politics and ecologies of health holistically, treating health as one 
of multiple competing investment priorities for households occupying small-
holder frontiers. We draw upon insights from theory viewing health as a form 
of human capital (Grossman 1972) and poverty as a lack of ability to invest 
(Reardon and Vosti 1995), and from demographic research pointing to the long-
term payoffs to early life health (Hayward and Gorman 2004). Health for us is 
thus not the lack of an event (e.g. disease, malnutrition) but a dynamic process 
of household investment in nutrition, preventative medicine, and appropriate 
treatment of disease (Berman et al. 1994). Our approach merges these insights 
with the livelihoods research tradition (Ellis 1998; de Sherbinin et al. 2008) and 
considers the multiple capitals influencing the capabilities of smallholder fami-
lies to avoid illness and improve health (Bebbington 1999).

Household investments change the context in which future decisions are made, 
a process we call endogenous evolution of context. We hypothesize that early 
in frontier development, smallholders pursue livelihood diversification to diver-
sify their capital portfolios and increase resilience, while in mature frontiers 
it becomes possible through conversion of financial capital into other capitals 
to pursue specialized livelihoods while maintaining diverse capital portfolios. 
Thus, livelihood diversification is predictive of success early in frontier devel-
opment, but a signal of hardship in later frontier stages. These predictions are 
typical of a complex system: context-specific, sensitive to initial conditions, and 
displaying emergent properties.

Smallholder frontiers provide empirical and theoretical leverage to examine 
complex systems by allowing us to enter at a moment when settlers have not 
previously been influenced by the environment that they are entering. We can 
therefore isolate the effects of the humans on the biophysical environment 
without these effects being contaminated by reciprocal relationships. In addi-
tion, the co-location of people and environment in smallholder frontiers closely 
ties decision-makers to environmental impacts (Axinn et al. 2010; Moran 2010). 

We present a flexible model of livelihoods and investments based on dynamic 
changes in (i) the investment returns to different type of capital, (ii) the stocks of 
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each capital class, and (iii) the diversity of household portfolios. To ground our 
theory empirically, we focus on land use, off-farm employment and migration 
as key smallholder livelihood strategies in frontiers, tracing their implications 
for household health and well-being. Land use by farmers in frontier regions 
is an essential factor mediating the relationships between humans, ecological 
well-being, and health (Saxena et al. 2005). In the cases detailed here, food and 
financial income from farm production, off-farm employment, and migrant 
remittances represent strategies that allow households to invest in health (e.g. 
through nutrition, medications, or immunizations).

We marshal empirical evidence for our theory from published and unpublished 
results from long-term collaborative research projects involving five frontier 
areas in Brazil and Thailand. This chapter begins by describing smallholder fron-
tiers and these five specific frontiers, then presents our framework and discusses 
the interaction between elements as they affect health at the household level. We 
conclude with a discussion of the significance of our framework for the study of 
many different phenomena in coupled human and natural systems, focusing on 
implications for health policies.

Health and household dynamics on frontiers

Smallholder frontiers

Our definition of frontier is purposefully minimal, to emphasize the broad appli-
cability of our theory. The essential characteristics of frontiers are dramatic 
increases in population density via in-migration, improved accessibility, an 
absence of established social institutions, and an abundance of natural resources 
relative to other areas. Frontiers provide opportunities for achieving general 
well-being and amassing financial wealth with small stocks of human, social, 
and physical capital. Only natural capital and the human labor to exploit it are 
required. This acts as a strong incentive for the poor to migrate there (Bilsborrow 
2002). Young adults, some with children, are typically over-represented in these 
migrant streams, further fueling rapid population increase at frontier opening 
(McCracken et al. 2002).

Frontiers represent opportunity to young settlers, but the breadth of migrant 
origins creates challenges to social organization, requiring creation of new social 
institutions. Settlers are separated from kin, tradition-based hierarchical social 
relations are leveled through mixing of ethnicities and backgrounds, and affinity-
based social ties are usually reformed on the frontier. Typically remote from 
government centers, settlers on frontiers must also create their own political 
institutions. Markets for goods, labor, and land must be created, usually through 
cooperation among settlers. As new families enter and begin converting natural 
capital to other forms of capital, ecosystem functioning, human institutions, and 
population structure respond. In turn, families respond to these shifts in context, 
altering the decisions they make about livelihood strategies and forcing read-
justments to their capital portfolios. Through these endogenous feedbacks, the 
ecosystem and human environment are continuously modified.
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We use findings from four sites in the Brazilian Legal Amazon and one in 
Northeastern Thailand to illustrate and motivate our theory. Details of the data 
collection and analyses appear elsewhere (D’Antona and VanWey 2007; Moran 
et al. 2005; Rindfuss et al. 2009); here we emphasize site characteristics relevant 
to theory building and comparison. Chief among these is the process of frontier 
settlement that began in all five regions during the mid–20th Century. Figure 3.1 
shows the timing of in-migration to each state and the subsequent increase in 
population density.

Figure 3.1	 Population density changes across frontier study sites.

Notes:
1	 Two of the Brazilian sites are located in the state of Pará and two in the state of Mato 

Grosso. We present population densisties at the state or changwat scale rather than the 
district (municipio or amphoe) level due to instability in the political boundaries of 
these frontier districts. Thus, we have three time series, not five.

2	 Source: Brazilian Demographic Censuses of 1940, 1950, 1960, 1970, 1980, 1991, and 
2000. Instituto Brasileiro de Geografia e Estatistica. Available at http://www.sidra.
ibge.gov.br/bda/

3	 Source: Thai Population and Housing Censes of 1960, 1970, 1980, 1990, and 2000. 
Changwat Level Summary Tables. The National Statistics Office, Kingdom of 
Thailand. Data not available at Changwat Level prior to 1960.
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Brazil

Our Brazil sites represent varied settlement histories, livelihoods, and levels of 
human health and well-being. Altamira lies on the Trans-Amazonian Highway 
(BR-230), and was an early demonstration settlement area. Colonists brought from 
other regions of Brazil were granted land for agriculture, provided they cleared 
a portion, improved it through planting crops and adding buildings, and paid a 
nominal sum to the government (Moran 1981). Early settlement was character-
ized by high rates of deforestation, malaria, farm failure, and onward or return 
migration of some initial settlers. These failures in part resulted from settlers 
lack of knowledge about biophysical conditions of farms. Today, Altamira retains 
a smallholder character with small- to mid-scale ranching and agriculture, and 
an increasingly urban orientation of landholders (VanWey et al. 2008; Walker et 
al. 2000). For a discussion on frontier settlement and its implications for human 
health in a similar frontier, see Chapter 7.

Santarém sits at the confluence of the Amazon and Tapajós rivers, at the 
northern terminus of the Cuiabá-Santarém Highway—the “Soy Highway.” A 
traditional port city, Santarém has long functioned as a trade center between the 
upper Amazon and the estuary. A deep-water port was constructed in 2003 to 
permit direct export of soy to international markets (Steward 2007). Agricultural 
settlement of surrounding regions began in the early twentieth century, but 
Santarém’s low-fertility soils supported low crop yields, leading much of the 
region to be fallowed again (D’Antona et al. 2006; Futemma and Brondízio 
2003). Unlike the government-sponsored colonization of Altamira, much of 
the settlement of Santarém was spontaneous, and colonists came from nearby, 
suggesting that they had greater understanding of the region and its limitations. 
Settled properties here were, and remain small and precarious today.

Two sites in Mato Grosso represent yet another history, centered on the 
arrival of larger (but still familial) farmers. Both were colonized around the 
1980s and experienced rapid land clearing for production. Both also benefited 
from more favorable soil and climatic conditions and from more similarity 
to the origin areas of settlers. The first site, near Canarana in the east of the 
state, was colonized by cooperatives of large owners from the south and south-
east of Brazil (Jepson 2006). This tradition of large owners and hierarchical 
labor relations among owners, managers, and farm workers persists today 
even while the original ranching is giving way to some row crop agricul-
ture. The second site, Lucas do Rio Verde, in the center of the state, was also 
settled by larger landowners and large row crop farms continue here today, 
but are supported by verticalized industrial agribusiness. The county houses a 
processing facility converting raw soy into oil and meal, an incubating opera-
tion for chicken eggs, and poultry and swine slaughterhouses. Recent invest-
ment in the region by Brasil Foods Corporation (formerly Perdigão) and Sadia 
has led to the rapid expansion of confined poultry and swine operations that 
take advantage of local production to feed their stock. The agribusinesses in 
town coexist with strong local family involvement in farms and little absentee 
ownership.
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Thailand

Nang Rong District, located in northeast Thailand, experienced rapid demo-
graphic, economic, and environmental change beginning in the mid-twentieth 
century (Entwisle et al. 2008; Walsh et al. 2005). Rapid in-migration and land 
clearing ensued, reducing forest cover from 50 percent in the 1950s to less than 20 
percent by century’s end (Entwisle et al. 2008). As in Brazil, settlers took advan-
tage of land tenure laws to claim lands and gain informal rights through clearing 
the land, in this case along rivers and floodplains, and by making improvements 
supporting paddy rice cultivation (Keyes 1976; Entwisle et al. 2008; Phongphit 
and Hewison 2001). Gradually, rice production has expanded upward from allu-
vial plains to less suitable environs. When demand for first jute and then cassava 
(for European livestock) spiked in the 1970s and 1980s, agricultural production 
expanded further into the uplands, driving deforestation (Entwisle et al. 2005; 
Rigg 1987). Agricultural mechanization first begun in the 1980s was not fully 
incorporated for another two decades, leaving many agricultural activities to be 
performed by hand during the period examined here (Hull 2008). Today, small 
manufacturing sponsored by private development initiatives supports limited 
local off-farm employment in higher skill jobs (Alva and Entwisle 2002).

Health through the lens of a livelihoods-context capitals 
framework
What follows is a condensed introduction to our framework, which theorizes the 
linkages between development, land-use and land-cover change, and household 
livelihood transition across smallholder frontiers. It builds upon the conceptual 
frameworks of Bebbington (1999), Lambin et al. (2003), Curran and DeSherbinin 
(2004), Axinn et al. (2010), and McCusker and Carr (2006). A response to calls 
for an integrative theory of coupled human and natural systems, this framework 
speaks to multiple substantive domains, including health, deforestation, out-
migration, and changing economic exchange relations. For a related discussion 
on how to conceptualize human health, see Chapter 2.

Common to all of these processes is the interdependency of household-level 
decision-making and evolving endogenous context. Our framework, depicted in 
Figure 3.2, has five principal elements. In the lower left are capital portfolios, 
consisting of stocks of each of five capitals—natural, physical, social, human, 
and financial—which constrain and enable livelihoods. In the upper left are 
returns to each class of capital, which also shape livelihoods and are impacted 
by the endogenous evolution of context. Context, represented in the upper right, 
consists of six major dimensions—accessibility, demographic, social, economic, 
political, and environmental—which respond to the livelihood decisions of 
actors, while also influencing future decisions. In the lower right we depict 
key outcomes of interest to researchers and policymakers, particularly health, 
which are determined by livelihood decisions. We now describe each of these 
elements, first describing the articulation between health outcomes, well-being, 
and livelihoods.
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Health, multidimensional well-being, and livelihoods

In smallholder frontiers households are the locus of income pooling and joint 
consumption, including joint decisions about investments in various forms of 
capital and about key health-promoting behaviors. The pursuit and maintenance 
of health is an important and distinct goal of household decision-making calculus. 
Ill-health decreases income and increases costs, and may be conceptualized as 
a factor competing with other dimensions of well-being for scarce household 
resources, thus exerting unique influence on livelihood decisions (Hampshire 
et al. 2009; for a related discussion on disease as shock to livelihood systems, 
see Chapter 14 of the present volume). Simultaneously, good health constitutes a 
basic element of human capital, linking our framework to early work on human 
capital showing health as equivalent to education and knowledge (Becker 2007; 
Grossman 1972). Health is connected to household well-being by an endogenous 
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system of health status, nutritional intake and labor productivity (Joffe 2007). 
Ill-health events can drive impoverished households into a vicious cycle of 
depleting multiple forms of capital to cover costs of the illness (including treat-
ment, food, medication, transportation, but also the shadow price of an absent 
labor). This cycle affects the ability of households to maintain optimal nutri-
tion, leading to productivity declines and increasing vulnerability to further ill-
health shocks (Sauerborn et al. 1996; Joffe 2007). While this is an endogenous 
system at the household level, decisions about health investments are not made 
in a vacuum. The changing contexts of healthcare institutions and accessibility 
influence the costs of health.

Capital portfolios

We argue that households pursue livelihoods in order to maximize stocks 
of preferred capitals, where subjective preferences for particular types of 
capitals evolve along with the frontier. In turn, households’ stocks of capi-
tals (collectively “portfolios”) simultaneously constrain and enable various 
livelihood decisions. We consider five classes of capital: natural capital (e.g. 
access to water, forest products), physical capital (e.g. machinery, buildings), 
financial capital (e.g. wages, remittances, public transfers), human capital (e.g. 
health, education, on-the-job and on-the-farm training), and social capital (e.g. 
familial and social networks, associations/unions, generalized social trust). 
The relative share of a household’s total portfolio constituted by each type 
of capital is altered as the household chooses livelihood strategies that draw 
on existing forms of capital in the hopes of obtaining more of the same or 
converting lower-return capitals into forms of capital with higher returns. 
The strategic use of capitals based on returns is key to understanding health 
impacts on capital portfolios. If a health shock induces a household with 
limited capital diversity to capital depletion, the ability to overcome health 
shocks is further compromised, since the absence of specific capitals prevents 
households from taking advantage of potential higher returns (Joffe 2007). 
This iterative process of capital accumulation, depletion, and conversion to 
alternative forms is summarized by the arrows flowing from capital portfolio 
to livelihoods and back in Figure 3.2.

Capital returns

It is useful to distinguish the amounts of various capitals in a portfolio from 
the advantages and disadvantages of possessing them within a specific context. 
Returns to capital are dynamically shaped by context, subsequently influ-
encing livelihood strategies in the same manner as capital portfolios themselves 
(depicted by the arrow from endogenous context to capital returns in Figure 3.2). 
Considering either in isolation provides an incomplete explanation of household 
behavior. These two major elements of the framework do not interact directly, 
however. Instead, they impact one another indirectly through livelihoods and 
endogenous context.
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Figure 3.3 shows the stylized empirical facts underlying our theory of changes 
to capital portfolios and capital returns over time in smallholder frontiers. 
Returns to each form of capital over frontier development are depicted in Figure 
3.3a, starting with settlement by smallholders and ending with the integration of 
the frontier into national and global systems. Figure 3.3b shows how distributions 
of capitals in household portfolios change over the same span. The net effect of 
frontier development is conversion of a substantial amount of natural capital into 
financial, physical, and human capitals which begin providing greater returns by 
the later stages of development. Figure 3.3b can be conceptualized as the static 
result of the dynamic transitions depicted in Figure 3.3a. We briefly describe 
these shifting returns and stocks.
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Natural capital

Natural capital (NC) is especially important during the initial phase of frontier 
development because economic institutions are limited. At this point, subsist-
ence is largely dependent on ecological services derived from NC. Off-farm 
employment and markets for the purchase of goods both expand as the fron-
tier develops, reducing households’ dependence on natural resources to meet 
consumption needs. Returns to NC likewise decrease as households adopt newer 
and more efficient technologies for agricultural production (Figure 3.3a). The 
relative representation of NC in total household portfolios declines as house-
holds diversify into other capitals, particularly human (Figure 3.3b). Declining 
returns remove incentives for households to reinvest in NC through practices 
like fertilizer application or erosion control. In Altamira, rather than investing in 
improvements to common poor soil types, settlers clear more extensive areas and 
plant hardy pasture grasses that will survive with few inputs (Moran et al. 2002). 
In Santarém, the depreciation of NC over time is evident in the belief that forest 
is a nuisance impeding other property uses, leading buyers to pay a premium for 
cleared land (Adams 2008).

Social capital

A distinctive U-shaped curve characterizes returns to social capital (SC). This 
reflects the synthesis of monotonically decreasing returns to bonding SC (strong 
bonds among close associates) and the monotonically increasing value of bridging 
social capital (relations that connect people across much larger social distances; 
Woolcock and Narayan 2000). The value of bonding SC decreases as population 
and markets grow and households become either internally diversified or possess 
enough FC to purchase goods to meet needs. With further development, social 
networks connect rural households to larger networks of goods, information, 
and opportunities, but these networks necessarily embody bridging SC rather 
than bonding SC. Early in frontier evolution, social networks enable settlers to 
overcome poor or nonexistent labor and credit markets to achieve production 
essential to well-being. Networks also promote investment in human capital in 
the form of health by putting settlers in touch with information and access to 
improved healthcare, and providing an important source of care-giving during 
ill-health events (Smith and Christakis 2008). But while current theories about 
social network impacts on health implicitly assume a static social structure, our 
theory explicitly argues that the content and form of social networks, and the 
overall returns to social capital vary endogenously over time, with corresponding 
variations in the health implications of network structure. 

In Brazil, for example, when returns to NC are high, bridging connections 
to business owners and government officials in São Paulo or Belém are of little 
help in clearing, planting, and harvesting, and therefore provide little in the 
way of assistance with health investments. With improving accessibility, such 
connections yield higher returns, helping households secure access to distant 
markets, documentation for credit, and favorable access to education and quality 
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healthcare, while bonding ties continue to provide access to the same opportuni-
ties to which a household already has access. The competing effects of declining 
investment in bonding SC and increasing investment in bridging SC lead to a 
small net increase in the SC component of household portfolios (Figure 3.3b), 
but large potential changes in the ability of a household’s network to respond to 
ill-health episodes.

Physical capital 

Settlers initially have little physical capital (PC): machinery, buildings, or 
landesque capital such as bunds, fences, or irrigation systems (Blaikie and 
Brookfield 1987). Households are often PC-poor before relocating to the frontier, 
and are further limited to what can be easily transported. PC increases steadily 
over time (Figure 3.3b) through conversion of NC and FC. Early increases in PC 
are essential for the health dimension of household well-being; improvements to 
housing stock reduce disease risk through improving water access and reducing 
exposure to disease vectors. Returns to PC (Figure 3.3a) are initially low, but 
increase as markets develop for local sale and export of surplus production, 
incentivizing investment in machinery such as tractors or trucks. Early on in 
our Brazilian sites, households extracted NC such as timber to construct houses, 
furniture and other PC such as livestock fences. In Nang Rong, the early years 
saw construction of PC such as ponds, fish weirs, and elevated buildings for 
keeping equipment dry. As incomes increase, households also invest in house 
improvement (Rindfuss et al. 2007). Later still, some acquire enough cash 
income from production or employment to purchase chainsaws, refrigerators, 
radios, vehicles, and other durable goods.

Human capital 

Human capital (HC) levels are low at frontier settlement (Figure 3.3b), but 
increasing returns over time (Figure 3.3a) lead households to seek more and 
different HC. Early on, site-specific knowledge and pure labor power drive agri-
cultural success (Moran 1981) while at later stages returns are highest to formal 
HC like education and work experience. Upon arrival, migrants have low site-
specific HC and may experiment with the new biophysical environment as an 
investment in HC. As noted above, they also make investments in PC that are 
simultaneously investments in HC as the health of family members improves. 
In early years in Altamira and Santarém, we see experimentation and hetero-
geneity at the property level in land use, while later years are characterized by 
specialization in the highest return crop (given soils, water and accessibility; 
McCracken et al. 2002; VanWey et al. 2007). Early villages in Nang Rong were 
situated on the margins of river flood plains where rice could be reliably culti-
vated using the traditional paddy system, with which most settlers were already 
familiar, only expanding in other agroecological regions once settlers developed 
the site-specific HC needed to exploit them (Entwisle et al. 2008). As further 
investment in site-specific HC yields lower marginal returns, families adopt 
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new strategies of investing in formal HC, requiring strategic decisions about 
which members receive additional education and which stay “down on the farm” 
(Curran et al. 2004).

Financial capital 

Returns to financial capital (FC) also follow a U-shaped curve (see Figure 3.3a), 
but the upturn occurs before that for SC. FC returns are high when establishing 
a farm, but decline again until the frontier becomes well-integrated with broader 
markets. In the interim, even households with high levels of FC experience low 
returns. In our study areas, only the construction of better roads facilitating 
exports and the development of labor markets allowed some households to invest 
FC into production through purchases of PC and labor. With improvement in 
infrastructure and development of urban markets, returns to FC rapidly increase 
(the upward turn in Figure 3.3a). In the context of limited credit markets or higher 
rates for credit, characteristic of our study sites (Ludewigs 2002), FC returns 
respond even more to these improvements. Once the rate of return to investments 
in FC is reliably increasing, households seek to rapidly expand their potential 
sources of cash income. Migrant remittances, profits from the sale of cash crops, 
off-farm employment, rental of land and physical capital, and the rapid devel-
opment of a monetized labor market are paired with “public” strategies for FC 
accumulation such as the rural retirement and Bolsa Família programs in our 
Brazil study sites, subsidized credit (as we see in the rural Brazilian Amazon), 
and monies for community development from NGOs in Nang Rong (David and 
Viravaidya 1986).

Returns to each of these forms of capital are altered regularly by changes to 
multiple dimensions of context (upper right box of Figure 3.2). We discuss these 
dimensions in the next section, highlighting the way in which they change endog-
enously as household investment decisions change the context in which future 
returns are determined.

Endogenous context

Understanding the endogenous evolution of context is vital to explaining how 
and why livelihood strategies change over time. Our approach goes beyond 
existing work on the political economic context for decision-making by char-
acterizing context as dynamic, endogenous, and multidimensional. While we 
do not discount the importance of exogenous changes in determining returns 
to capitals, our goal is rather to highlight the predictable ways in which context 
changes endogenously. Frontiers are an ideal natural laboratory for the study of 
endogenous changes in each of these domains.

Livelihood strategies are determined in a given time period by capital port-
folios and returns, as well as by context (Figure 3.2, center). Livelihood strat-
egies also modify the multiple elements of context. These factors influence 
in turn the returns to various forms of capital in the future (arrow at top of 
Figure 3.2). In considering the temporal scale of changes, we distinguish slow, 
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medium, and fast endogenous feedbacks observable empirically (cf. Lambin 
et al. 2003). This distinction parallels recent interdisciplinary health systems 
frameworks that classify endogenous system processes as either proximal or 
distal (Eisenberg et al. 2007, Batterman et al. 2009). At the finest temporal 
scale, we consider endogenous change from year to year, comprising, for 
example, this year’s crop choice in response to last year’s yield or prices. At 
the medium scale, we consider several years to approximately 15–20 years, 
the scale over which, for example, environmentally-oriented social move-
ments may form, lobby for changes, and achieve policy changes. We limit 
the upper end of the continuum to changes that occur on the scale of approxi-
mately 20–40 years, the scale of a human generation, over which, for example, 
childbearing decisions by parents modify regional populations and feed back 
into the fertility choices of the next generation. Figure 3.4 summarizes the 
time-scale dependencies for representatives of each dimension of endogenous 
contextual change.

Accessibility

The timing of accessibility improvements determines the speed at which fron-
tiers move along the curves in Figure 3.3a, raising returns to PC and the conver-
sion of NC through agriculture and influencing the speed at which households 
move toward more diversified and monetized livelihoods. A dramatic exoge-
nous change in accessibility marked the opening of the frontier in each of our 
study areas with externally initiated road-building projects. But we focus here 
on the ways in which accessibility subsequently changes endogenously across 
multiple spatial scales. As farmers move across properties and travel to local 
urban areas and other destinations, paths become small and then larger roads, 
especially as greater FC permits the purchase of motorcycles and trucks. The 
utility and permanence of paths and small roads increase as a function of land 
use and other decisions within a year while the need for and construction of 
all-weather roads happens over years to decades. The construction or paving 
of state or federal highways is a more complicated and long-term process, but 
it too depends on the ingenuity, labor, and desires of local populations, and on 
their ability to make claims on non-local actors (Figure 3.4). State or federal 
roads will at times follow existing roads because they are the path of least resist-
ance (physically and socially), a phenomenon that has been well documented 
in regions proximate to our Altamira study area, where informal roads, most 
built for logging, became formalized all-weather roads and even state highways 
(Arima et al. 2005; Perz et al. 2007). Accessibility also modifies household 
investment in HC, including healthcare, by changing the costs of such invest-
ments. The nominal and lost-labor costs of a visit to a clinic or to the city to 
buy medicine decline dramatically as transportation infrastructure develops. As 
households invest more in this form of HC, demand increases, and local social 
leaders and politicians can make added demands on the central government for 
new clinics or more funding for existing clinics (in settings such as ours where 
healthcare is publicly funded).
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Demographic factors

Across generations, fertility decisions and health investments that alter mortality 
rates change the demographic context endogenously. These actions are particu-
larly relevant in frontiers, where age distributions are weighted heavily toward 
the child-bearing years. As these large cohorts of young adults age, the character-
istic bulge moves through the age structure, followed by an “echo” bulge of their 
children, with the size of this echo influenced by infectious disease mortality and 
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a household’s ability to invest in health (Joffe 2007; Russell 2004). Between these 
bulges lie smaller cohorts (in the absence of continuous in-migration). The size 
of cohorts can influence labor availability, with small cohorts creating labor scar-
city and changing the context in which agricultural and HC investment decisions 
are made. Migration also endogenously changes the context of future household 
decisions. As connectivity with other regions increases and population exceeds 
the capacity of local labor markets to absorb it, temporary out-migration on a 
seasonal or multiyear basis becomes an alternative path to meeting consumption 
needs and accessing scarce FC (VanWey et al. 2009). In our Brazilian sites, daily 
or weekly commuting between cities and urban hinterlands occurs for work or 
leisure. In Nang Rong, we observe seasonal migration for farm work in the region 
combined with longer-term migration to urban centers for service, factory, and 
construction jobs (Korinek et al. 2005). These population movements further 
alter livelihood strategies as some migrants leave children in their parents’ care 
(Piotrowski 2009).

Social factors

Formal and informal social institutions develop over long human histories. Some 
shared institutions arrive with settlers. Others, such as cooperative agreements 
about labor sharing and local governance arrangements, must develop rapidly 
in frontiers. Settlers in a new frontier may share national or regional histories, 
but often have no shared local history, forcing them to devise new institutions 
governing collective behavior. Simple collective governance systems may 
develop rapidly (less than a decade) to address inadequate or non-existent insti-
tutions on frontiers, but more complex governance such as organized parties 
and political systems takes considerably longer (Figure 3.4). Another important 
set of institutions regulate how land is intrinsically valued, and these develop 
on the scale of generations. Since settlement, norms have emerged in Altamira 
that identify “clean” land as preferable to “dirty” land. “Clean” in this context 
is land cleared of trees and shrubby vegetation, with fences and views to the 
horizon, and is interpreted as the mark of a superior farmer. The normative 
land-use pattern in much of Santarém, meanwhile, would be viewed in Altamira 
as the hallmark of the lazy farmer, with its mixed areas of fallow, fruit trees, 
intercropped annuals, and native vegetation, which obstruct clear views of the 
horizon (Adams 2008). Such emerging value systems have important impacts on 
livelihood and land-use decisions in critical ecosystems throughout the globe. 
As frontiers age, the social networks linking various social entities ranging 
from individuals to state actors change. As Figure 3.3 suggests, such connec-
tions have high returns initially, and many sorts of new networks emerge in 
the space of a few years following frontier opening. By investing in production 
for sale, farmers then form new, longer-distance networks. Similarly, migra-
tion for employment creates longer-distance networks. In Nang Rong these pass 
information about family planning options (Entwisle et al. 1996), information 
about job prospects (Curran et al. 2005), and FC in the form of remittances 
(Piotrowski 2006).
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Economic factors

Development of markets for labor, credit, and land directly impact agricultural 
production, land use, and ecological change, as well as household well-being. 
Equally important, development of these markets permits households to pursue 
more diverse livelihoods and capitals. Labor markets develop slowly in most fron-
tiers for two reasons. First, scarce access to monetary currency in many frontiers 
constrains the development of monetized labor systems. Second, abundant land 
resources and low efficiency require that most of a household’s labor be invested in 
its own production. It takes time for population dynamics (in-migration and natural 
increase) and income growth (external investment or internal accumulation) to 
reach a relatively stable equilibrium in which a labor market can be sustained 
(Figure 3.4). Credit markets also take time to develop, making room for informal 
credit markets and mutual aid societies to develop for the smoothing of consump-
tion and to support investments in new activities (Alvi and Dendir 2009; Boucher 
and Guirkinger 2007). Such groups may take a decade or more to develop (Figure 
3.4), both because the trust that underlies them is slow to solidify and because some 
monetary accumulation is requisite. The process can be accelerated if demand for 
credit and frontier accessibility are high enough that outside actors have incentives 
to provide credit, as has occurred in much of rural Brazil, where demands (and 
qualifications) for credit are artificially inflated by public provision of credit.

Political factors

Political factors consist of formal laws governing, for example, labor relations, forest 
exploitation, taxes, and education, as well as informal but mutually recognized 
organizations that allocate power and resources among people. Traditional (post-
colonial) Brazilian power relations follow a patron–client model, with a small group 
of individuals controlling access to resources among their constituents (Houtzager 
2000). In contrast, Nang Rong exhibits a traditional form of relatively flat political 
relations, vesting little power in village headmen. The hierarchical relations that 
exist are based instead on age and gender (Phongphit and Hewison 2001). These 
are among the slowest of all the endogenous processes we consider (Figure 3.4), 
and among the most important for health. While the implementation of a particular 
policy or government agency may occur rapidly, the process of garnering support 
for, lobbying, and designing it is usually slow. Even local governance structures, 
formal or informal, change only over the span of decades. We have yet to study the 
development of local basic healthcare provision in our study areas, in part because 
of the slowness of the process. We can point to healthcare as one of the top two 
(along with education) reasons for moving among migrants from the countryside to 
the city in Altamira and Santarém. Anecdotally, we can point to the reported impor-
tance of healthcare facilities (among other types) in the success of Lucas do Rio 
Verde in attracting businesses and workers, and to the reported struggles of local 
healthcare workers in getting more supplies, personnel and equipment in Santarém. 
These processes, however, are essential for the ability of a household to invest in 
both preventative medicine and treatment, and therefore the HC of its members.
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Environmental factors

Like political factors, environmental factors may change quickly following a 
long process of endogenous change. Global changes in greenhouse gases may 
trigger rapid climate change, but the buildup to that point may take decades or 
longer. At the local level, deforestation and withdrawals of water for domestic 
and agricultural use can change regional climate on a similarly long time scale. In 
Altamira, deforestation near the city led in less than a generation to a warmer and 
drier climate in that area than in regions just 100–200 kilometers west. Farmers 
attribute drying up of favorite fishing holes, for example, to increased frequency 
of flash precipitation that exceeds percolation capacity and simply runs off the 
landscape. Collective agreements to protect forest in the interest of protecting 
rainfall (and also to strengthen indigenous groups) led to the so-called Terra do 
Meio south of Altamira remaining forested from the 1970s until very recently, 
without formal protected status. Within the past decade, loggers and settlers have 
encroached on this intact forest, generating frequent conflicts, a strong forest 
protection movement, and formal designation of most of the region as protected 
or indigenous lands. This history provides a clear example of the circular rela-
tion between livelihood decisions and environmental and political change. Over 
shorter time-scales, the land-use component of the livelihood strategies can 
affect surface water quality and availability for other residents on the frontier. In 
extreme cases, the construction of bunds or other water diversion systems for rice 
production can leave downslope neighbors with insufficient or polluted water for 
their own fields, interactively driving the development of new political and social 
institutions. Each development alters inputs to the decision-making of frontier 
residents about land use and the benefits of on-farm or off-farm activities.

Discussion

Interactions among health, capitals, and livelihoods

We describe above investments in health as a form of human capital, and turn 
now to the role of health shocks in our framework. It is well-known that greater 
household capacity to invest in health results from (usually) growing stocks of 
capital while resilience to shocks, including health problems, may be attained 
through more diversified capital portfolios (Ellis 1993). In some situations, 
however, a health shock or long-term illness can create a downward “vicious 
circle” (White et al. 2005). Households may deplete household assets to cope 
with costs of treatment (e.g. food, medication, transportation, and the shadow 
price of absent labor), which reduces their ability to maintain the health of other 
members and of the overall household unit. Depletion can come both in terms of 
the absolute reduction of capitals in various classes and in terms of the diversity 
of a household’s portfolio, which when reduced may further increase that house-
hold’s overall vulnerability.

Our approach is distinguished from previous literature in this area by a focus 
on the interplay between household strategies and evolving context in frontiers, 
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which leads to stage-specific predictions about the order in which the five capitals 
will be depleted in response to an ill-health event. Our predictions are summa-
rized in Figure 3.5 and compared with predictions made by Sauerborn et al. 
(1996). These draw on the changing relative returns to, and therefore investment 
preferences for, each form of capital (shown in Figure 3.3), the representation of 
the capital in portfolios, and the exchangeability of the different forms of capital. 
Representation in portfolios and exchangeability determine whether a capital can 
be used to meet needs during an ill-health event while investment preferences 
determine the results of foregone investment opportunities for a household. FC is 
the first depleted in any illness because of its exchangeability for healthcare costs 
both direct and indirect. 

While the FC is being depleted, households will forego investments in other 
forms of capital (rather than using up other capitals). In the early stages of fron-
tier development, households are investing in PC, SC and HC, and foregoing 
these investments will leave them with little to draw on as contexts change. PC 
may be depleted if it can be exchanged (e.g. chainsaws, tractors), and HC will 
then be converted to money for care through negative investments in HC (healthy 
family members working until ill). Households are then left with the NC and SC 
they arrived with. The NC and SC (mostly bonding) are both declining in returns. 
These may be used to obtain FC if possible, but this action usually signals the 
departure of the household from the area as they sell the farm and overdraw 
their social ties. Thus, early in frontier development, we posit a strong pattern 
of preserving social and natural capital. These predictions for the initial phases 

Figure 3.5 Order of capital depletion during illness episode as frontiers evolve.
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of frontier evolution, when natural capital is plentiful and essential to guaran-
teeing household well-being, map closely onto the empirical observations made 
in previous studies examining the African Sahel (Adams et al. 1998).

In post-frontier contexts, households initially are more resilient because they 
have diversified capital portfolios and larger stocks of capital. They are heavily 
investing in PC, HC, and SC for the acquisition of the most exchangeable FC. As 
in other settings, illness will initially lead to a depletion of FC because of its ready 
acceptance as payment. It will also result in households foregoing investments 
in PC, HC, and SC. Next to be depleted will be PC, because of its higher level of 
exchangeability in the new context. With the presence of land, credit and product 
markets, higher stocks of PC such as vehicles, machinery, housing, and live-
stock can be converted into cash for healthcare through sale, mortgage, or rental. 
Because of the much lower returns to NC and the presence of these markets, NC is 
next to be depleted, leaving households with HC and SC. In post-frontier contexts, 
sprawling networks of bridging ties link households to temporary housing in 
urban areas (near health centers), migrant remittances, and political officials, all of 
which become important to strategies for combating illness (Padoch et al. 2008). 
Depending on the length of illness, HC and SC may be enough to regain capital 
stocks after an illness, as education and social connections will help household 
members get good jobs, pay the rent, and save money for purchase of land, or other 
NC or PC. With long-standing illness, or illness that affects households during 
critical years of investment in HC or SC, foregone investments may limit the accu-
mulation of HC and SC and lead to a downward spiral. Successive ill-health events 
not only deplete household resources to dangerous levels, but tend to drive house-
hold capital portfolios closer to the characteristics they displayed earlier in the 
frontier. With the depletion of FC and PC, and sometimes NC, households’ capital 
portfolios resemble (though with different forms of HC and SC) those of frontier 
settlers, and they may become settlers in new frontiers elsewhere.

Conclusions
In frontier settings, as well as low-income settings generally, avoiding a vicious 
circle may depend on interventions, such as provision of health services or 
subsidized transportation to reduce transportation cost (Russell and Gilson 
2006). In our Brazilian study areas, multi-local households (those maintaining 
multiple residences in different regions) attempt to benefit from proximity to 
health services in urban areas, while maintaining control over NC and SC on the 
frontier (Padoch et al. 2008). This duality is facilitated by effective and afford-
able (subsidized for the elderly) bus transport. In this sense, free health services 
leverage households’ productivity by providing low cost investments in human 
capital (Grossman 1998) and by removing the need for households to finance 
health expenses through depleting other capitals.

As a result, the provision of free or low-cost healthcare in poorly developed 
settings like the smallholder frontiers we describe can be seen to reduce neces-
sary expenditures and free up household capitals for other investments (Russell and 
Gilson 2006). With this application of our theory, we have described the sorts of 
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capital likely to be available to households in a frontier and what sorts of invest-
ments are likely in response to decreasing the cost of healthcare (as well as likely 
patterns of depletion from increasing cost of care). In early frontier settings, few 
capitals are available and the lack of affordable and available healthcare leads to 
out-migration as households must spend the SC and NC available to them, a lesson 
learned in Altamira with early high rates of malaria and out-migration (Moran et 
al. 2005). In post-frontiers, investments in subsidized transport for healthcare and 
in inexpensive care facilitate more rapid increases in HC and SC, and the failure to 
provide such care leads to stalled development (households reverting to early fron-
tier capital portfolios) and rapid turnover in land ownership if markets exist for land.

The politics of health have traditionally focused on equitable health supply, based 
on technical and scientific intervention in unassisted or under-covered areas, which 
are key, given the importance of accessibility in household decision-making. Yet the 
development of markets and increased accessibility independent of directly targeted 
healthcare policy can have the same impact (as in the dual-residence households). 
This mixed approach is likely to benefit a wider group of households, addressing 
issues of equity and human rights in the process. We argue that a sustainable 
approach to long-term improvement of productive capacity of households can facili-
tate both health investments and the diversification of capital portfolios, ultimately 
improving both health and overall well-being (Hampshire et al. 2009).
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4	 Change in tropical landscapes
Implications for health and livelihoods

Kenneth R. Young

Introduction
The original land covers of tropical landscapes are preconditioned by climate, 
topography, and soils. Human land use is partly in response to the opportunities 
from the land resources, but is mostly a function of people’s needs and abilities 
to alter land use and land cover for their benefit. People who depend on natural 
resources utilize livelihood strategies to produce or acquire the food, fiber, 
and shelter they need. Health and nutrition are affected in many ways by these 
kinds of dynamics; for examples of these types of health patterns see Chapters 
3 and 7. While the lands and landscapes in tropical latitudes are characterized 
by different biophysical environments and multiple land use types, they are all 
affected in fundamentally asymmetrical ways by current and future global envi-
ronmental changes (Young 2007). In terms of human health, King and Bertino 
(2008) described the “asymmetries of poverty,” specifically highlighting the 
consequences of overlooking the effects of chronic infections (helminthiasis 
and infections caused by protozoa, bacteria, fungi), and other neglected tropical 
diseases. 

Health concerns in tropical landscapes arise at the interfaces of biophysical 
environment, land use/land cover systems, and their respective drivers of change 
and feedbacks. The reciprocal human–environment interactions involved are 
common within socio-economic systems that utilize natural resources (Chapin et 
al. 2009). Making the coupling(s) of the natural–human system a central investi-
gative focus opens up many new ways to look at system behavior, including eval-
uating consequences for human health and livelihoods. An overview by Liu et al. 
(2007) examined several agricultural, forestry, and ecotourism-based systems, 
showing that they shared emergent features such as feedbacks, non-linearities, 
and legacy effects. There were also identifiable similarities in how resilience and 
sustainable resource use could be characterized for the different systems. At the 
same time, all the studied landscapes showed heterogeneity, both temporally as 
processes wax and wane, and spatially as the resource base (and hence land-use 
strategies) rearrange from place to place.

People in tropical countries are more vulnerable as they have greater exposure 
to health risks at the same time as fewer health services and less technology is 
available for them to ameliorate conditions. Hotez and Kamath (2009) evaluated 
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these concerns for sub-Saharan Africa and for the 500 million poor people who 
live there. They estimate that those inhabitants are infected with from 14 percent 
to 100 percent of the world’s disease burden, for example with 93 percent of 
the cases of schistomiasis, 99 percent of those of onchocerciasis, 90 percent of 
those of yellow fever, and all of the cases of dracunculiasis and human African 
trypanosomiasis. Because of ongoing socio-economic changes that encourage 
livelihoods that in turn increase fire frequencies, result in deforestation, foment 
conversion for agriculture, add to growth of urban areas, and increase the influ-
ence of market forces on many decisions made by rural inhabitants, it appears 
likely that disparities globally and within the respective countries, will continue 
to increase.

Observers have noted that the current confluence of environmental and inter-
acting social changes represent a fundamental shift in human history. Harper 
and Armelagos (2010) point to epidemiological and demographic transitions that 
are combining to produce large human populations with many young people, 
but also with elderly exposed to delayed chronic diseases (for a related discus-
sion, see Chapter 12 of the present volume). These changes are accompanied by 
increased failures of antimicrobials and faster spread of novel infections. They 
direct attention to countries such as Guatemala, El Salvador, Kenya, and the 
Democratic Republic of Congo, which are particularly stressed by prevailing 
social inequalities that can perversely increase negative health effects of both 
under-nutrition and over-nutrition in different parts of society.

This chapter delineates major sociopolitical and ecological concerns for 
tropical landscapes and their associated land use systems found in the lowland, 
highland, and seasonally dry tropics, plus those changed by rural–urban connec-
tions. The coupled systems of tropical livelihoods are conceptualized in relation 
to likely future changes, especially for those with implications for vulnerability, 
well-being, and inequality. A brief overview of coupled natural–human systems 
begins the chapter, which is then followed with commentary on the major expec-
tations for the humid, upland, and seasonal tropics. A final part highlights how 
future changes in health and livelihoods will be linked not only to environmental 
influences on biophysical controls, but will also be exacerbated by increased 
asymmetries among urban and rural populations of tropical countries.

Coupled natural–human systems in the tropics
Global environmental change will have many direct and indirect effects on health 
and livelihoods, for example through altering water flows and other landscape-
scale or ecosystem processes. Patz et al. (2005) identified likely effects due to 
warmer temperatures and greater climatic variability acting (1) on crop yields and 
food supplies, (2) through increased vulnerability to ENSO (El Niño Southern 
Oscillation) and other climate system effects, (3) through possible (although not 
fully demonstrated) effects on infectious diseases through temperature controls 
on vectors and infectious agents, and (4) on urban areas with augmented heat 
island effects.
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Comrie (2007) asserts the need to look at the coupled natural–human interac-
tions involved, given that vulnerability is expressed through the adaptability of 
the social group affected and the sensitivity and exposure of the place involved. 
As an intellectual exercise to consider the consequences, imagine a simple 
coupled system of land use on a high tropical mountain landscape, as represented 
in Figure 4.1 (see also Young 2009). Further, consider it as shaped by people who 
affect the land cover consisting of open tropical alpine vegetation, sometimes 
with an admixture of low shrubs or wetlands, through land use that includes the 
grazing of livestock. Part of the coupling of concern would include the effects of 
those herbivores on plant species composition, with relative species abundance 
affected by the differential consumption of palatable plants and an increase in 
less-desired forage species. This particular coupling could lead to overgrazing, 
followed by an adaptive shift in land management through a change in stocking 
rates, in pasture rotation intervals or in the species of livestock utilized. Or the 
coupling could even lead the people to cease grazing the site, followed by a subse-
quent recovery of the original land cover. Perhaps outside income sources from 
wage labor or remittances would be used to replace the earnings once derived 
from the livestock.

Figure 4.1	 Pastoralist choosing grazing areas for a mixed flock of llamas, alpacas, and 
sheep in high elevations of the Peruvian Andes. Use of particular grazing 
areas is mediated through family and community interactions, while the 
ecological productivity of those areas is increasingly affected by climate 
extremes and reduced glacial meltwater. Often the power for legal and polit-
ical decision-making over lands and natural resources is located in distant 
lowland cities.
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Note that one implication of this thought experiment is that even a simple 
coupled land-use/land-cover system could require the assessment of multiple 
possible trajectories, and numerous social, ecological, and physical parameters 
and feedbacks. Prediction is difficult and complexity is inherent. In addition, all 
the connections of the landscape back to livelihoods could also have additional 
feedbacks or complications for human nutrition or for illnesses at household 
and community levels. Particular households with less livestock would be more 
exposed to financial strains should it be necessary to pay for medical expenses. 
Communities unable to manage land resources held in common may also be not 
capable of providing other aspects of social capital.

Further imagine in relation to the landscape shown in Figure 4.1 that direc-
tional climate change is affecting the system, perhaps as mediated locally through 
an increasingly longer plant-growing season. In this hypothetical case the result 
could be that some plant species become more productive and able to tolerate 
more grazing pressure. As a result, a biophysical shift has altered the possible 
sustainable use of the land cover, in turn altering prospective land use goals and 
means. This shift would then affect perceptions of incomes, agricultural produc-
tivity, household dynamics, and family welfare, and hence resiliency to health 
concerns. However, if the directional climate change continued the characteris-
tics of the vegetation and biological interactions would also continually change, 
implying that ecological conditions of the land will continue to evolve and that 
land use decision-making must similarly be adaptive and constantly reevaluated. 
These socio-economic and managerial shifts presume the needed land and labor 
resources exist, that the requisite knowledge and wisdom are present among the 
people, and that land tenure and water rights are embedded in systems with the 
required flexibility.

Thus, the behavior of a simple coupled system becomes even more complex 
when global environmental change affects particular places. Coincident change 
in people’s values, objectives, and technologies can produce multitudinous 
scenarios of change. These dilemmas are often discussed as generalities in global 
overviews (Millennium Ecosystem Assessment 2005; see also the website of 
the Intergovernmental Panel on Climate Change at www.ipcc.ch), or as evalu-
ated in terms of products, nation states, and economic development, but are less 
commonly evaluated with reference to the landscape scale where people and 
environment interact through land use, as is done in this chapter and elsewhere 
in this book.

Public health responses to these kinds of issues would be well served by incor-
porating the findings of land-use/land-cover and infrastructure change research. 
To do this may require new institutions and social networks, as, for example, 
experts on wildlife and domesticated animal diseases do not necessarily know 
about or interact with researchers, managers, administrators, remote sensing 
experts, or NGOs involved with either human diseases or ecosystem functioning. 
Climate and health modelers will need to form integrated research teams. For 
example, it is sand flies that connect people to rodent reservoir species and 
American cutaneous leishmaniasis. Chaves et al. (2008) suggest that a threshold 
shift best explained human infection by Leishmania because forest cover (spatial 

www.ipcc.ch
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patterns of which would control rodent populations) was statistically significant 
as an explanatory variable only at small spatial scales (i.e. for people living within 
5 km of forest) and otherwise was controlled by measures of social marginality. 
González et al. (2010) used predictive species distribution modeling to assess 
possible shifts in both the sand fly vector species and the rodent reservoir species 
due to climate change in Mexico, the US, and Canada. Similarly, human plague 
in east Africa can be modeled in terms of risk associated with elevation, rain-
fall, and number of land cover types (Winters et al. 2009). It is likely that the 
reservoir rodent populations involved and their respective pathogens are at least 
partially tracking environmental shifts that are represented in remotely sensed 
data, permitting monitoring. In all these cases, multiple academic disciplines 
need to be involved to understand the effects of landscape dynamics, and team-
based approaches to prediction and response would be necessary.

Future scenarios for coupled tropical systems
Global change causes disparate shifts in the coupled natural–human systems 
associated with land use in tropical landscapes. Continued future shifts in 
those drivers, may well force land-use systems over thresholds, with contingent 
influences on migration, land tenure, and public health. The rural sites where 
small-scale agriculture will become more marginalized could act as sources of 
environmental refugees, with people moving to urban-fringe settlements. In this 
section, a selection of health concerns from the Global Tropics is discussed in 
terms of socio-ecological changes expected in the humid lowlands, tropical high-
lands, tropical biomes with long dry seasons, and urbanized areas.

Humid lowlands

For the tropical rainforest areas of the Earth, there is much concern that higher 
carbon dioxide levels, plus additional climate system responses, have already 
begun to alter growing conditions for plants (Körner 2009). Data from monitored 
forest inventory plots is suggestive, with some indications of increased biomass 
and faster tree growth rates (Chave et al. 2008). Lewis et al. (2009: 529) found 
a number of lines of evidence of “large-scale, directional changes.” The shifts 
can be manifested in altered forest dynamics and tree regeneration patterns 
(Feeley et al. 2007), increased litterfall that once decomposed introduces more 
carbon dioxide to the atmosphere (Sayer et al. 2007), and a proposed “threshold 
response” of tropical plants switching their dominant nitrogen sources following 
climate change (Houlton et al. 2007).

The humid lowlands of the tropical Americas, Africa, and Asia by definition 
have more rainfall over the course of the year than the potential evapotranspira-
tion that would otherwise act to return that moisture to the atmosphere. As a 
generalization, this results in much weathering as water percolates down through 
regoliths, poor and acidic soils, large river systems, great quantities of biomass 
and primary production, and high biodiversity. Land use must cope by using 
adaptive systems such as shifting cultivation (Kellman and Tackaberry 1997), 
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which acts to limit pests and recuperate soil fertility, or people may depend 
on forest product extraction and fishing. Much recent land cover change in the 
lowland tropics is associated with commercial ventures, logging of tropical 
timbers, and the installation of livestock grazing in sites once covered by forest 
(e.g., Fox et al. 2009).

For indigenous forest-dwelling people, the persistence of forest is crucial. The 
Achuar, for example, make small openings in the Amazon rainforest for their 
settlements and gardens (Figure 4.2). Descola (1994) described how this system 
had functioned for many centuries, but also pointed to recent demographic 
changes inspired by the arrival of the outside world. On a trip to this area in 2006, 
I was struck both by the continuity of their experiences as manifested in cultural 
richness and sustainable use of the forests, but at the same time by the fragility 
of those land use and social systems given an increased preference for long-term 
use of the same areas. This was due to the construction of numerous air strips 
for use by small planes that permitted some limited economic exchange and also 
served for emergency evacuations for sick people to towns located more than a 
one-hour flight away. In subsequent research, López and Sierra (2010) used land-
use modeling to show that despite overall low population densities and relatively 
large extensions of rainforest, lands suitable for agriculture were becoming a 
limiting resource given increasingly sedentary settlement patterns.

Figure 4.2	 Lowland rainforest as used for swidden cultivation in an Achuar indigenous 
community in the Ecuadorian Amazon. In the past, village sites were changed 
as soils became more impoverished. However, increasingly perceived needs 
for airplane strips that allow for emergency health flights and other ameni-
ties have made for more permanent settlements in this isolated corner of the 
Amazon basin.
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Modeling consistently finds worrisome future scenarios for plant growth 
and ecosystem processes in humid tropical forest areas such as these: increased 
drought is of particular concern, with feedbacks increasing return of carbon 
dioxide to the atmosphere, thus amplifying the forcing (Sitch et al. 2008). 
Observations of an additional feedback connecting drier conditions to increased 
use and influence of fire (Nepstad et al. 2008), suggest that forested tropical 
ecosystems will tend to switch to non-forest states, either due to fire-caused 
conversion to scrub or savanna, or else by the expansion of pasturelands and 
agricultural fields. Households in the humid tropics often connect rural areas to 
cities through production, extraction, and trade of natural resources. Connecting 
national and regional land use to global demands for commodities and forest 
products would likely continue to provide increased motivation for land-use/
land-cover change and contingent effects on the atmosphere.

Malaria distribution in future tropical lowlands will presumably be a func-
tion of the shifting distributions of land cover changes, mosquito vectors, the 
biologies of the Plasmodium parasite species, and interactions among human 
exposure and mosquito behavior. For example, subdecadal variations from 
ENSO are known to alter malaria–climate associations (Poveda et al. 2001). 
Simultaneously, genetic and population studies permit reconstructions of past 
distributions of particular genotypes that may vary in ways that have impor-
tant spatial implications for public health responses. Levine et al. (2004) used 
the current distribution of Anopheles gambiae and closely related species in 
Africa, plus climatic, topographic, and land-cover data, to model the expected 
distribution of the vectors, which revealed some anomalous gaps in species 
ranges. This same general approach allowed them to explore implications of 
historic and possible future colonization and range expansions in the New 
World tropics. Similar analyses linked to climate change scenarios would 
permit assessments of possible future distributions of vector species within the 
context of shifting land covers.

These shifts are also to be expected for the Plasmodium parasite species, which 
include regional genotypes resistant to some malaria drugs (Roshanravan et al. 
2003). In addition to these spatio-temporal phenomena, it is well known that 
many local and regional land-use and land-cover changes affect the prevalence 
of malaria, from the installation of fish ponds (Maheu-Giroux et al. 2010) to the 
building of roads and the cutting of forests (Vittor et al. 2006). However, inte-
grated predictive assessments will also require better understanding of the role of 
natural environmental fluctuations in rainfall, surface water, and soil moisture, 
plus concurrent socio-economic changes (Wandiga et al. 2010).

More broadly, Gage et al. (2008: 436) pointed out that the climate influence 
on vector-borne diseases will be mediated through additional feedbacks with 
other drivers of change such as “increased trade and travel, demographic shifts, 
civil unrest, changes in land use, water availability, and other issues.” Costello et 
al. (2009) acknowledged the likely future increase in vector-borne diseases, but 
concluded that indirect effects on water sources, food supplies, and the effects 
of extreme climate events will have even larger influences on public safety and 
welfare.



62  Kenneth R. Young

Other health concerns associated with mosquitoes include dengue, with 
epidemics that may be predictable given more knowledge on the links among 
insect populations, climatic variation, and disease transmission (Degallier et al. 
2010). Monitoring necessarily includes the genetics and population dynamics of 
multiple species in addition to the mosquitoes. For example, numerous wild bird 
species serve as reservoirs for the West Nile virus (Ezenwa et al. 2006). Yellow 
fever, maintained in wild primate populations, shows distribution patterns of 
genetic variation that appear to be related to limitations on the dispersal of the 
monkeys, the mosquito species, or both (Bryant et al. 2003). These multiple 
species assemblages are affected in complex ways by environmental dynamism, 
in addition to responding to feedbacks from social dimensions including indi-
vidual aspirations and behaviors of people, along with local to national-scale 
infrastructure development.

As an example of the kind of study needed, Eisenberg et al. (2006) evaluated 
the role of physical accessibility on the health of villages in western Ecuador 
as mediated through proximity and remoteness, functions of travel time and 
distance. By controlling for various social and biophysical parameters, they 
showed that diarrhea-causing pathogens had more negative effects on well-
connected villages, after taking village size and sanitation level into account. It 
was children especially who were susceptible to Escherichia coli, Giardia, and 
rotavirus. And it was the development of the transportation infrastructure, and 
associated social and ecological changes, that altered vulnerability and disease 
transmission. The social factors proposed to be critical were demographic 
(in-migration, out-migration, short-term visits), degree of connectedness through 
social networks, and sanitation infrastructure. The system defined in this fashion 
could then be used to assess the spread and persistence of different pathogens.

Highlands

Tropical highlands are already changing due to shifts in climate. These moun-
tain areas include the centers of origin of many of the world’s crops, along with 
very early agricultural systems; as a result, they include some of the world’s 
first humanized landscapes. Directional biophysical changes, such as those that 
marked the end of the Pleistocene or major mid-Holocene shifts, reshuffled 
possibilities and opened up new lands for settlement. Similarly, the last several 
decades of current times have seen directional declines in the size of tropical 
glaciers (Thompson et al. 2006), primarily due to warmer temperatures in trop-
ical highlands, hence altering ecological conditions and agronomic potentials.

An integrated evaluation of current trends was done in the central Andean 
range of Colombia by Ruiz et al. (2008). They report not only warmer tempera-
tures overall, but higher maximum temperatures, larger annual and daily temper-
ature ranges, more sunny days, less relative humidity, and increased variability 
in occurrences of heavy rains, but generally lower rainfall totals. As a result, the 
high mountains there have smaller icecaps and dried-up lakes, as well as more 
frequent fires in the vegetation. They predict important reductions in water supply 
for people downslope, with alterations in water cycles (e.g, Mark  et al.  2010). 
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More generally, Andean land use will need to change, mediated through where 
production zones are located and what useful plants and animals are cultivated 
and managed.

In earlier studies (Young 2008, 2009) I put these current changes in the trop-
ical Andes into perspective by pointing to evidence of rapid ongoing changes 
in land cover with small holders often responding within weeks or months to 
perceptions of socio-ecological change. But those drivers of change are acting 
upon anciently inhabited landscapes that experienced at least two previous bouts 
of deforestation/reforestation and land cover conversion, with European coloni-
zation in the sixteenth century and with previous changes dating back 500 to over 
3500 years, depending on the location. The past resiliency of Andean livelihood 
systems required either extra land to where agriculture could be shifted, or else 
much time needed to pass while human populations rebuilt.

Given current constraints acting on the kinds of landscapes shown in Figure 
4.1, the ability of farmers and pastoralists to shift production zones in response 
to unusual climatic events or with directional climatic change may be limited. 
It seems like recent economic development in the tropical Andes often has 
consisted of programs and policies designed to make land tenure private rather 
than communal. Mining and industrial farming is on the increase, incentiv-
ized by global commodity prices and government subsidies. Related programs 
act to place monetary values on water use and to prioritize private property 
regimes. Family health is shaped by these changes, with many previously adap-
tive responses tied to reciprocity at local levels or acting through familial bonds 
maintained despite out-migration (Young and Lipton 2006). Increasingly, both 
households and rural communities are connected to major urban areas through 
migration, permitting the return of remittances and other subsidies that may 
buffer the exigencies of rural life (Adams and Page 2005).

Savannas/dry forests

The seasonal tropical lands have natural land covers of dry forests, savannas, 
or shrublands (e.g., Figure 4.3). Of concern for the future of the seasonal tropics 
are combinations and interactions of global environmental change and socio-
economic processes that would force large areas of humid–dry forests into more 
open land cover types, hence also changing livelihoods. Pueyo et al. (2010) find 
that the “self-organized criticality” of these ecosystems is affected by fire regime; 
drought conditions and burns could switch forested areas into savannas. These 
and other non-linear shifts would affect native biodiversity (Biggs et al. 2008). 
The balance among herbaceous versus woody plant dominances in particular 
landscapes is often set by fire disturbance dynamics, with grasses favored by fire, 
but trees and shrubs persisting through fire-proof bark, resprouting, and post-
fire colonization. Human land use frequently incorporates burns into landscape 
management, increasing the productivity of grasslands for livestock. 

Spatial heterogeneity defines these seasonal tropical ecosystems. Pringle et al. 
(2010) provide an example of how termite mounds form hotspots of plant growth 
and animal abundance, and thereby promote much place-to-place variation in 
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land cover, with higher overall productivity of savanna at landscape scales. They 
propose that termites and their couplings to other parts of the system create emer-
gent patterns with consequences for ecosystem functioning. Earlier research 
(McNaughton 1983) had ascribed causality of savanna spatial heterogeneity to 
the effects of different kinds of herbivores on vegetation (Figure 4.3), combined 
with differences from place to place in soil texture. Anderson et al. (2010) found 
that it is not only soil fertility or other edaphic properties, but also the risk of 
predation that affects the behavior of native herbivores, and hence eventually 

Figure 4.3	 Savanna and elephant along the Boteti River in Botswana. Note that the photo-
graph is taken looking into a national park; a photograph taken at the same 
site but in the opposite direction would show people and livestock grazing 
just outside the park amid a transformed landscape. This park–people inter-
face is a major zone of conflict in rural Africa; in addition, it is a zone of 
the intermingling of diseases and parasites shared between domesticated and 
wild animals.
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affects the patterning of the landscape. They point out that both bottom-up (e.g., 
resource and edaphic related factors) and top-down (predator behavior and abun-
dance) processes affect the heterogeneity of tropical savannas.

In utilized landscapes, humans take over aspects of both bottom-up and top-
down processes through a simplification of landscape configuration and by 
control of wild species deemed to be undesirable. Figure 4.3 shows a common 
but more complex situation where the landscape in the photograph is protected 
for biodiversity conservation but is located adjacent to landscapes used by local 
people for livestock raising and dryland farming; livelihoods are negatively 
affected by nuisance wild animals, but ongoing development efforts also try to 
harness income from ecotourism to local needs. Outcomes for particular families 
and communities will vary markedly.

The ecological side of interconnectedness and nestedness is being studied. For 
example, Graham et al. (2009) provided an assessment of the kinds of networks 
that inter-relate vertebrates and their ectoparasites, including ticks, mosquitos, 
and tsetse flies. They develop means to quantify the nestedness of 29 different 
systems. They contrast these measures with hypothetical networks with random 
interactions or that show perfect nestedness. The implications for disease trans-
mission in general are significant, for example with some network structures that 
would spread novel diseases among many vertebrate host species; species-rich 
environments are probably more susceptible and vulnerable. Holdo et al. (2009) 
examined the hierarchical structure of food webs and trophic chains on diseases. 
They show that disease (in this case rinderpest) can at times cause novel feed-
backs, resulting in shifts in ecosystem regimes, illustrated in their study with an 
example from an African savanna system of vegetation, elephants, and wilde-
beests, as affected by fire and rainfall. The increased dominance of woody plants 
following wildlife die-offs from rinderpest caused shifts in biomass, carbon 
structure, and landscape mosaics.

These ecological processes will interact in complicated ways with socio-
economic needs and activities of pastoralists and farmers using seasonally dry 
landscapes. People affect wildlife and vegetation with the grazing of cattle and 
goats, and through the establishment of settlements and agricultural fields; in 
turn, wildlife can alter vegetation structure, they may host diseases and para-
sites that affect domesticated animals, and some wildlife species cause direct 
economic loss to crops and livestock. Ogutu et al. (2010) developed a model meant 
to help with sustainable management strategies. Densities of wildlife and live-
stock were set along two environmental gradients: distances to and among water 
sources, and to and among pastoral settlements. Indeed, although the length of 
the dry season and occasional decadal and subdecadal occurrences of droughts 
are thought to be fundamental organizers of savanna and other semi-arid land-
scapes, local people are not limited to transhumance with their livestock. Nielsen 
and Reenberg (2010) point out that this essentially makes them “beyond climate,” 
as they are not altering their land use in a monotypic fashion with climatic varia-
tion. Coping strategies would include the switching of cropping systems and the 
development of more efficient irrigation methods, all of which would connect to 
health outcomes at household and village levels.
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Cities and settlements

Urban environments have structures that in part derive from environmental and 
historical legacies, and in part are the result of socio-economic processes (Pickett 
et al. 2005), including the networks and clusters created by transportation and 
economic processes connecting cities to rural areas. Urban ecosystems increas-
ingly alter not only themselves but all the other ecosystems of the Earth through 
altered biogeochemical cycles (Grimm et al. 2008). Their growth is complex, 
affected by bottom-up and top-down processes (sensu Irwin et al. 2009), with 
important effects on environmental quality for residents and for the hinterland.

The physical structure of settlements and cities can create spatial patterning of 
health. Hemme et al. (2010) found that a highway in Trinidad split Aedes aegypti 
into two genetically separated populations, with possible implications for the 
efficacy of mosquito monitoring and suppression programs on either side of the 
road. In this case, the differences have consequences at the scale of the dispersal 
distance of individual insects, on the order of several kilometers. Barton (2009) 
examined health issues in planning of urban morphology, making it clear that a 
broader perspective on health is crucial, including not only pollution and inequi-
ties in housing, labor opportunities, and transport, but also aspects that affect 
well-being such as recreational choices and mental health.

Tong et al. (2010) recently evaluated the state of knowledge concerning vulner-
ability, which they classified in relation to: (1) weather extremes, including 
heatwaves, floods, and droughts; (2) food security and safe drinking water; (3) 
infectious diseases, especially the potentially climate-sensitive diseases such as 
malaria, dengue fever, and schistomiasis; and (4) climate-related human migration. 
The urban poor are particularly vulnerable to these alterations. Dye (2008) found 
that present-day health in urban areas is on average better than in rural places, as 
seen for example in lower fertility and infant mortality rates. These differences are 
conditioned by public services and opportunities for jobs and education. Most of 
the world’s people are now or shortly will be city-dwellers, including a predicted 
5.26 billion urbanites in developing countries by 2050 (Montgomery 2008). In the 
future, there will be hundreds of large cities in Asia and Latin America.

As one example of urban vulnerability and rural–urban connections, Chagas 
disease infects humans through contact with about 70 species of blood-
consuming triatomine bugs (Abad-Franch et al. 2010). It has been associated 
with mammalian reservoir species (armadillos, marsupials, rodents, and skunks) 
for millions of years. The current household context wherein most people are 
infected was evaluated with a mathematical model by Cohen and Gürtler (2001), 
based on data from subtropical northern Argentina. Chickens are not infected by 
the Trypanosoma cruzi pathogen, but the bugs do feed on them (and they on the 
bugs). Dogs are not only a target for the bugs, but also can carry the infection. 
A series of model outcomes were produced in that study for seasonal variation 
in disease exposure to humans as conditioned by the number of chicken and 
dogs kept by the family. Although a complex system is modeled, the researchers 
conclude that the relatively simple suggestion of restricting the number and pres-
ence of dogs (and other infected vertebrates) from the sleeping areas of the house 
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could dramatically lower infections for people. Bayer et al. (2009) showed that 
the movement of rural people into a rapidly expanding urban area in southern 
Peru (Polk et al. 2005) also brought Chagas disease along with the in-migration 
to the shanty towns. Interestingly, it was not the original rural–urban migration 
itself that conveyed the disease, but recurrent trips originating from the need of 
the new residents to do seasonal agricultural jobs in outlying areas. The presence 
of many domesticated animals (guinea pigs, dogs) in the shantytown settlements 
then acted to maintain vertebrate reservoirs of the pathogen.

Criteria for research priorities on rural–urban interactions would need to 
consider equity, the severity of potential impact, the need for intervention, and 
possibilities for addressing multiple needs simultaneously. Thus, tropical cities 
should prepare for public health concerns for marginalized human populations 
exposed to extreme conditions, malnutrition, and limited social and economic 
mobility. New settlements in frontier areas of the tropics or on the fringes of 
cities will have those same pressures, as out-migrating rural dwellers often move 
first to them. Keeping rural inhabitants in place means that the support systems 
required for adaptation, health services, educational advancement, and land/food 
security must reach out to remote locations in socially acceptable and economi-
cally sustainable manners.

Conclusions
Patz et al. (2000) stated that feedbacks coming from land-use change would 
increase future global health concerns due to road construction, water control 
and diversion projects, forest cutting, and new settlements. These drivers would 
be exacerbated by warmer temperatures and alterations in the hydrological cycle 
originating with changes in rainfall intensity, length of the rainy season, and 
the strength of phenomena such as ENSO. In terms of parasitic diseases, they 
predict increases in the effects of malaria, leishmaniasis, cryptosporidiosis, 
giardiasis, tyrpanosomiasis, trematode-caused diseases (schistosomiasis), and 
those resulting from tissue nematodes (filariasis, onchocerciasis, loiasis). It is 
the developing countries that are particularly susceptible to increased infections 
(e.g., malaria, dengue), malnutrition, respiratory ailments (from increased fires), 
and diarrhea-causing diseases such as cholera.

Tropical countries will continue to urbanize and globalize over the next 
several decades. There has been much internal migration to urban areas, making 
cities into decision-making entities with considerable political and economic 
power, which will continue to increase. The demand for commodities and for 
labor reaches out into tropical landscapes, creating disparities and altering deci-
sion making by almost all farmers and other rural residents. More than a decade 
ago, researchers described how Amazon cities were increasingly structuring 
rural landscapes and livelihoods in the entire Amazon Basin, and this trend has 
continued there (Guedes et al. 2009) and elsewhere.

At the same time, many lowland tropical landscapes will become drier or 
more seasonal, agricultural zones in the highlands will shift upward, and novel 
ecosystems will form with different species as dominants and new assemblages 
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of species. The forested humid lowlands will be influenced by city growth, with 
rural land uses also constrained by the increased rainfall seasonality predicted for 
many areas. Future scenarios include the tropical highlands becoming even more 
important for extraction of water and mineral resources, but also less intensively 
used by local people due to out-migration and increased control by often distant 
urban areas. Most predictions for tropical savannas make them more prone to 
large-scale alterations by burning and industrial agriculture. All of these trends 
lead to increased vulnerability, especially of poor people.

Some middle elevational sites in tropical highlands might become more 
productive if soil moisture is adequate or if irrigation is feasible; the same may 
be true for seasonal tropical areas, especially if they are located near infrastruc-
ture. However, these positive aspects of global change would require technology, 
finance, and transportation to be utilized to their maxima. Overall, the negatives 
and increased difficulties for many rural smallholders would appear to be greater 
in number and degree of influence. In those cases, increased rural–urban demo-
graphic flows and economic interconnections would be responses and adapta-
tions to be expected; being able to predict these population and financial shifts 
would allow for better planning for health and development interventions.

Rural livelihoods and health outcomes are affected by global commodity 
prices, which can send discouraging market signals to farmers (Clapp 2009), 
especially if national governments are politically beholden to urban-based major-
ities. In some cases, food standards in overseas markets may act to create oppor-
tunities for small-scale producers in the tropics, depending on partnerships that 
reach farmers. A worrisome counterexample comes from research by McKey et 
al. (2010), who described the agronomic and technical constraints acting upon 
how manioc is grown and used in Africa and South America; they worry that 
changing biophysical and economic conditions may make current farmer strate-
gies non-adaptive in the future. Stresses acting upon household welfare imply 
greater exposure to health risks.

Biophysical and socio-economic drivers that force land-use systems over 
thresholds will have contingent influences on millions of individuals and their 
families, causing demographic shifts, difficulties with land tenure and secu-
rity, and increased infectious diseases, in addition to acting through indirect 
processes that augment other health-related concerns. Global change will tend 
to exacerbate inequalities at local, regional, and national levels, and in both rural 
and urban environments. The health and welfare concerns of the rural and urban 
poor will increase under these scenarios, requiring greater multidisciplinary and 
multisector commitments to addressing the implications of environmental and 
social inequities.
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Introduction

Mycobacterium ulcerans and Buruli ulcer disease

The scientific community recognizes that anthropogenic impacts on the natural 
environment—including land use alteration, human migration, habitat encroach-
ment and wildlife translocation, rapid transport, and climate change—play an 
important role in the distribution of emerging and re-emerging infectious diseases 
(Confalonieri 2005; Foley et al. 2005; Patz et al. 2000; Patz and Confalonieri 2005; 
Wilcox and Gubler 2005). The growing field of landscape epidemiology addresses 
these problems using ecological and epidemiological data, creating opportunities 
to mitigate disease incidence in humans based on an understanding of disease 
vector and reservoir habitats in the environment (Galuzo 1975; Pavlovski 1966; 
Reisen 2010). A major component of the landscape epidemiological approach is 
the employment of geospatial data and methodologies. While basic geospatial 
concepts have been utilized in epidemiology for centuries (e.g., mapping of plague 
outbreaks in the 1600s; Koch 2005), advances in geographic information systems 
(GIS) and remote sensing technologies enable studies to take place across vast 
geographic regions over extended time periods. These technologies, along with 
research approaches that incorporate both ecological and human epidemiological 
data, promise continued advancements within the discipline.

A growing body of literature documents relationships between anthropogenic 
impacts on the natural environment and vector-borne and zoonotic disease emer-
gence (Patz et al. 2000; Wilcox and Ellis 2006), but fewer studies investigate 
human interactions with the ecological niches of environmental bacterial patho-
gens and resulting disease incidence. Identifying and/or analyzing bacterial path-
ogens in the environment and linking their presence to human disease incidence 
pose unique challenges, particularly when the ecological niche is unknown.

An example of such a pathogen is Mycobacterium ulcerans, the causal agent 
of Buruli ulcer (BU) disease. BU, which has been reported to be within the top 
three most frequent human mycobacterial diseases (Merritt et al. 2010), is a 
rapidly emerging yet neglected tropical disease. Symptoms range from a painless, 
mobile nodule underneath the skin to, if left untreated, large skin ulcerations and 
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sometimes osteomyelitis, a severe bone infection (World Health Organization 
2007). Treatment with antibiotics can be successful in the pre-ulcerative stage of 
the disease; however, extensive ulcerations require invasive surgery, may cause 
deformities, and in severe cases require amputation of ulcerated limbs (Chauty 
et al. 2007).

BU is a lesser-known emerging infectious disease that is endemic in at least 32 
countries globally (Figure 5.1; Merritt et al. 2010), with the majority of disease 
incidence taking place in sub-Saharan Africa. Although clinically recognized 
since the 1930s (McCallum et al. 1948), a substantial increase in BU prevalence 
over recent decades, particularly in west Africa and Australia, prompted major 
concern among researchers and those living in endemic areas. Despite exten-
sive BU research efforts over the last decade, the causes of increased disease 
incidence are still unknown, a reality that is both alarming to the general public 
and a source of frustration within the BU community. Interestingly, climatic and 
socio-economic conditions differ substantially between Australia and most west 
African countries, leading to the assumption that the disease is likely related to 
interactions among humans and the natural environment. Currently, however, 
little is known regarding the ecological niche of the pathogen, the transmission 
mechanism(s), or the socio-behavioral activities that put humans at risk.

While anthropogenic impacts on the natural environment—specifically, land-
scape disturbance and potential contributions of climate change on disease distri-
bution—have not been linked to BU emergence directly, research efforts have 
led to the development of several hypotheses suggesting these activities play a 
role in present and future distributions of disease incidence. Consequently, iden-
tification of the social and ecological drivers behind this disease continues to be 
the primary focus for much of the BU research community, aiming to mitigate 
the devastating impacts the disease has across the globe.

Figure 5.1	 Countries with historical or current reports of Buruli ulcer cases.

Source: World Health Organization (2011)
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In 1998, the World Health Organization established the Global Buruli Ulcer 
Initiative with the goals of raising disease awareness, improving treatment 
access, strengthening surveillance, and providing priority research into disease 
diagnosis, treatment and prevention (World Health Organization 2007). From 
a policy standpoint, a focus on prevention using a landscape epidemiological 
approach that incorporates an understanding of the natural ecology of the path-
ogen along with human activities that influence its distribution will play a critical 
role in the mitigation of future BU morbidity.

The focus of this chapter is to discuss the social and ecological components 
of BU, beginning with a review of social impacts from the disease, challenges 
in BU research, and pathogen ecology, followed by environmental, socio-behav-
ioral, and coupled human–environmental risk factors. The chapter includes two 
ongoing case studies, in Victoria (Australia) and Benin (west Africa), that investi-
gate current hypotheses in BU research. In both studies, unknown environmental 
and socio-behavioral components contribute to BU prevalence, highlighting the 
need for additional investigations into these factors at broader scales. The chapter 
closes with a review of the current state of BU research and recommendations for 
future investigations. Future directions include taking a spatio-temporal analysis 
approach across broad geographic regions, incorporating climate, landscape, 
and socio-behavioral components for a more holistic assessment of the drivers 
behind BU disease. Although the focus of this chapter relates to BU, the chal-
lenges encountered and approaches taken to overcome these obstacles may be 
generalizable to other environmental pathogen investigations.

Social impacts of Buruli ulcer

The rise in BU cases over the last 30 years resulted in considerable socio-economic 
hardships for endemic communities, especially those within developing coun-
tries (World Health Organization 2007). Fortunately, early detection and access 
to healthcare, along with fewer overall cases, prevented BU from becoming a 
more serious public health problem in Australia. However, in Victoria, Australia 
the average cost of treatment in 1997–1998 was nearly seven times the average 
health expenditure per person, a substantial financial burden, and BU diagnosis 
frequently resulted in plastic surgical procedures (Drummond and Butler 2004).

Those living in developing countries face greater challenges when seeking 
treatment, and the majority of cases received at medical facilities are in advanced 
disease stages (World Health Organization 2000). In west Africa, persons 
presenting with BU often require extensive surgery and hospital stays, creating 
economic challenges for families of patients (Aujoulat et al. 2003). The World 
Health Organization (2007) reported that in Ghana the cost of treating a pre-
ulcerative nodule in a patient is comparable to 16 percent of the average total 
family income for the work-year; the cost of treating a patient requiring ampu-
tation is equal to 89 percent of the average total family income for the work-
year; and the average cost of treating a patient in 1994–1996 exceeded the per 
capita government spending on healthcare. Compounding the problem is income 
loss due to incapacitation from the disease or from caring for a family member 
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with BU, and families face additional challenges involving prolonged care for 
members rendered permanently disabled. Fear of surgery, long distances to treat-
ment facilities, and socio-economic factors contribute to the rural poor being 
affected most negatively by BU (Raghunathan et al. 2005). For an extended 
discussion of long-term disease impacts on both family and the ability to invest 
in social and other capitals, see Chapters 3 and 14.

Beyond prohibitive treatment costs and access to medical facilities, a stigma 
associated with BU exists in many west African countries due to a belief that 
the infection is a result of witchcraft. In Ghana, Stienstra et al. (2002) found 
that persons without BU often avoided patients suffering from the disease, and 
that patients may hide symptoms from community members, increasing their 
risk of serious infection and need for extensive medical care. Some attribute the 
disease to a lack of patient hygiene, while others believe it is result of a curse 
and therefore do not consider it to be a “hospital disease” (Stienstra et al. 2002). 
Subsequently, many believe BU should be treated with traditional healing 
methods, thus preventing patients from seeking necessary medical treatment. 

Challenges in Buruli ulcer research

While BU is not transmitted from person to person, the occurrence of an ulcer 
at the site of previous skin trauma in some patients suggests a direct mode of 
transmission from the environment (Meyers et al. 1974, 1996). Sufficient litera-
ture suggests that a range of environmental conditions favor M. ulcerans growth, 
and when humans contact these environments, BU cases occur. However, which 
environmental attributes—climate, landscape, and socio-behavioral—are specif-
ically responsible for promoting M. ulcerans population growth, and in what 
habitats, have yet to be determined. Unknown lag times between environmental 
conditions suitable for M. ulcerans proliferation and the time when the neces-
sary abundance for inoculation is reached pose challenges in determining when 
the greatest risk for infection takes place. Further, the human incubation period 
for BU appears to vary by individual (e.g., from two weeks to seven months; 
Johnson et al. 2007; Quek et al. 2007b; Tiong 2005; Veitch et al. 1997), as do lag 
times between symptom presentation and health-seeking behaviors, making time 
periods of likely transmission difficult to identify.

Additional obstacles exist when investigating BU. One of the most substantial 
is the inconsistency in the availability of georeferenced, epidemiological data 
sets across disease-affected regions. Under the Global Buruli Ulcer Initiative 
framework, a standardized reporting form (referred to as the World Health 
Organization “BU02 form”) served to facilitate a more comprehensive reporting 
structure across international boundaries in BU endemic regions (World Health 
Organization 2000). Trained personnel and community volunteers report 
suspected BU cases to qualified nurses who record confirmed cases using stand-
ardized BU02 forms (Sopoh et al. 2007). Cases are then aggregated at regional 
and national levels to monitor the large-scale pattern of disease incidence.

Despite these advances in reporting structure, inconsistencies remain. For 
example, in some regions, case locations are reported to the town that houses 
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the treatment facility rather than to the town in which the patient resides, intro-
ducing uncertainties in the true geographic distribution of the disease. Further, 
variability in available resources across geographic regions produces dispari-
ties in case reporting that impact west African countries disproportionately. In 
addition to being a developed country with a standardized reporting system, 
Australia comprises a single continent that is isolated from other BU endemic 
regions, making the accurate and consistent reporting of BU cases less compli-
cated than in other regions of the world. The transboundary nature of BU in 
west Africa, in addition to the developing status of each nation that constitutes 
the region, contributes to a knowledge gap in the contiguous distribution of BU 
cases in the region.

Challenges also exist in the acquisition of spatially referenced environmental 
data sets, particularly in developing regions where the majority of disease inci-
dence occurs. For example, continuous, long-term weather station data typically 
are not available in developing regions due to a lack of infrastructure for reliable 
data collection and dissemination. In addition, although remotely sensed envi-
ronmental observations may be available in developing regions, many of these 
areas are inaccessible to researchers for ground validation due to political or 
physical barriers. On the other hand, although several environmental data sets 
are readily accessible in more developed regions, such as Australia, fewer overall 
cases occurring within smaller geographic regions make it difficult to elucidate 
the drivers behind the disease.

Despite these challenges, substantial research efforts into the natural, social, 
and social/environmental ecology of BU have taken place. Major contributions 
are outlined in the following sections, including two unique ongoing case studies 
performed by the authors, described in more detail.

Disease ecology

Ecology of Mycobacterium ulcerans

As BU is caused by infection with M. ulcerans, research efforts have focused 
primarily on pathogen reservoirs and transmission mechanisms. M. ulcerans 
is a slow-growing environmental mycobacterium (Merritt et al. 2005), consid-
ered unusual because of its extracellular activity and mycolactone secretion 
(George et al. 1999). Additional attributes set M. ulcerans apart from other 
related mycobacterial species, particularly that it prefers lower tempera-
tures and has a narrower temperature range for survival than its counterparts 
(Merritt et al. 2010). Further, M. ulcerans is intolerant to ultraviolet (UV) light 
because it lacks pigments found in related mycobacteria, indicating that the 
pathogen may be protected from sunlight in its natural environment (Stinear 
et al. 2007).

M. ulcerans DNA has been detected in various aquatic environments, insects, 
fish, and mammals (for a complete review see Merritt et al. 2010), although the 
environmental niche of the pathogen is unknown. Speculation into insects as 
potential mechanical or biological vectors prompted researchers to investigate 
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numerous aquatic insect species. In west Africa, M. ulcerans DNA was detected 
in certain biting insects (Portaels et al. 1999), and the pathogen was able to 
survive and reproduce in some biting species as well (Marsollier et al. 2002; 
Marion et al. 2010). Despite these findings, no evidence surfaced that demon-
strated the insects passing the pathogen to humans (Portaels et al. 1999). Further 
research, however, led scientists to examine the potential for trophic transfer of 
M. ulcerans through the environment due to the discovery of M. ulcerans colo-
nization on the exoskeleton of certain insects (Mosi et al. 2008). The ability for 
trophic transfer was later confirmed in a laboratory setting, with aquatic insects 
as the tertiary consumers (Wallace et al. 2010). On the other hand, Benbow et 
al. (2008) found no evidence to link the same aquatic insects with M. ulcerans. 
The conflicting findings regarding the role of invertebrates in BU transmission 
illustrate the need for further insect-related transmission research (Benbow et al. 
2008; Marion et al. 2010; Merritt et al. 2010).

Mosquitoes are believed to be a potential vector for M. ulcerans transmission 
in Australia. Speculation began after discovering that areas with BU outbreaks in 
Victoria, where most Australian cases occur, also had large mosquito populations 
(Johnson et al. 2007). The most common coastal mosquito species in Victoria, 
Aedes camptorhynchus (Dhileepan et al. 1997), tested positive for M. ulcerans 
DNA, although it was not determined whether they harbored M. ulcerans within 
their bodies or acquired the pathogen externally from the environment (Johnson 
et al. 2007). However, recent laboratory experiments demonstrated the capacity 
for mosquito larvae to accumulate M. ulcerans in their mouths and midguts 
over four stages of larval development (Tobias et al. 2009). In additional experi-
ments, pathogen DNA was detected in numerous adult mosquitoes that had been 
infected during the larval stage, although the actual bacteria did not persist 
(Wallace et al. 2010), casting doubt on the hypothesis that mosquitoes may be 
biological vectors of M. ulcerans. On the other hand, Wallace et al. (2010) found 
evidence suggesting the transfer of M. ulcerans DNA to external components of 
adult mosquitoes through feeding processes, offering support of mosquitoes as 
mechanical rather than biological vectors. 

Additionally, researchers discovered that combined notifications of two 
mosquito-transmitted viruses (Ross River Virus and Barmah Forest Virus) were 
positively correlated with notifications of BU over a seven-year period (Johnson 
and Lavender 2009). Although this association may be purely coincidental, 
no other notifiable infectious disease in Victoria had any correlation with BU 
(Johnson and Lavender 2009). Further, human BU infections often occur on 
limbs and have been reported at sites of previous skin trauma, such as an insect 
bite (Meyers et al. 1974, 1996). To that end, a study including residents of Point 
Lonsdale found those who had mosquito bites on their extremities were at an 
increased risk for BU infection (compared to other insects bites), while those who 
wore insect repellent had a significantly lower infection risk (Quek et al. 2007a). 
Although many of these studies appear to support the mosquito hypothesis, no 
vector competency studies have been published to date, which is a necessary 
criterion for identifying and describing a possible vector (Hill 1965; Plowright et 
al. 2008; Merritt et al. 2010).
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Several investigations into potential M. ulcerans reservoirs have been 
conducted. Numerous mammals in Australia, including koalas, alpaca, a 
domestic cat, potaroos, horses, black rats, and brushtail and ringtail possums 
all tested positive for M. ulcerans (Mitchell et al. 1984; Elsner et al. 2008; van 
Zyl et al. 2009). A recent study in Australia also detected M. ulcerans in ringtail 
and brushtail possum feces in a BU endemic region, suggesting the possums 
contribute to maintenance of the bacterium in the environment (Fyfe et al. 2010). 
Conversely, M. ulcerans was not identified in any of the hundreds of rodents and 
shrews collected in Benin during the wet and dry seasons in areas with high and 
low BU endemicity (Durnez et al. 2010). Finally, some researchers believe that 
migratory birds aid in disseminating M. ulcerans between wetlands, but further 
investigation is needed to determine the potential of this hypothesis (Eddyani 
et al. 2004). Despite continued advances in M. ulcerans research, a definitive 
mode of transmission and the ecological niche of the pathogen remain unknown 
(Merritt et al. 2010).

Environmental risk factors

Environmental characteristics are typically dynamic over time, often exhib-
iting inter-annual variability or following temporal trends. These ecosystem 
changes can affect disease host or vector populations, modifying disease 
outbreak potential (Smith et al. 2005). In addition, landscape interactions 
with climate factors, particularly precipitation and temperature variations, 
can impact optimal pathogen, reservoir, or vector habitats (World Health 
Organization 2004). Therefore, the spatio-temporal pattern of climate and land 
use and land cover (LULC) interactions is a key factor in the emergence of 
infectious diseases in human and wildlife populations (Farnsworth et al. 2005; 
Smith et al. 2005).

The detection of M. ulcerans in aquatic environments and the occurrence 
of BU cases surrounding slow moving or stagnant water bodies or wetlands, 
prompted speculation into flooding as a potential risk factor for the disease 
(World Health Organization 2000). Anecdotal evidence from both Australia and 
West Africa supports this hypothesis. The first presentation of BU infection in 
Bairnsdale, Australia occurred two to three years after a major flooding event 
in 1935 (Hayman 1991). In 1978, Bairnsdale had its wettest year in recorded 
history, and two years later BU cases emerged. Additionally, in 1962 and 1964 
severe flooding took place in Uganda, and approximately two to three years 
later, BU cases surfaced (Dobos et al. 1999). The first reported BU cases in 
Togo occurred in two children living near two separate rivers that experienced 
seasonal flooding (Meyers et al. 1996). In Papua New Guinea, BU cases were 
reported near the Sepik and Kumusi Rivers, where a spike in incidence occurred 
following the flooding and widespread environmental destruction from the 
Mount Lamington volcanic eruption in 1951 (World Health Organization 2000). 
While observed linkages between flooding events and BU cases exist, quantita-
tive relationships between climate patterns and BU cases have not been explored 
in west Africa or Australia.
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A substantial increase in disease incidence in Victoria, Australia after 1980 
raised awareness of BU, initiating several Australian studies over the last two 
decades. However, previous BU investigations in Australia adopted a localized 
approach, often focusing on specific outbreaks in Victoria, resulting in a limited 
understanding of the potential transmission mechanism(s). These studies did not 
consider the variability in disease incidence over time and also failed to capture 
landscape-level characteristics, such as land cover, topography and climate 
conditions, which may differ substantially among BU endemic areas. 

Socio-behavioral risk factors

The greatest risk factor for contracting BU is contact with an endemic area 
(Johnson et al. 2007), although certain behavioral patterns may increase risk. 
Numerous studies examined social and behavioral risk factors related to BU, 
but results often contradict one another and vary across geographic regions. 
A matched case-control study in three endemic districts of Ghana confirmed 
researchers’ hypotheses that BU is an environmentally acquired infection asso-
ciated with rivers and streams (Raghunathan et al. 2005). The results also indi-
cated that wading in a river or stream was a risk factor, that using certain soap 
products and wearing long trousers was protective against BU, and that wearing 
clothing that covered the upper body while farming was also protective against 
the disease. In a separate study conducted in Benin, wearing clothing during 
farming activities was not identified as a protective factor against BU infec-
tion, contact with stagnant water increased BU risk, while contact with flowing 
water and using soap decreased BU risk (Nackers et al. 2007). Aiga et al. (2004) 
found that swimming in and water use from rivers were BU risk factors, although 
water use from piped sources was not a protective factor in Ghana. Conversely, 
Marston et al. (1995) found that swimming in rivers was not a BU risk factor 
in Côte d’Ivoire. Despite conflicting results, the majority of studies agree that 
contact with rivers and other water bodies increase the risk of human infection.

Socio-behavioral studies provide invaluable insight into individual risk factors 
and potential transmission mechanisms, but one limitation is the localized nature 
of each study. The following section outlines research into human and environ-
mental interactions and their relationship to BU incidence, with a specific focus 
on activities that impact the landscape across broader scales.

Human–environmental disturbance

BU cases have been associated with both natural and disturbed environments, but 
human-induced landscape alterations are a recent focus in transmission research. 
With increasing human expansion into undisturbed landscapes and rapid LULC 
change, new pathways may be created through which disease pathogens infect 
susceptible human hosts. Empirical and anecdotal linkages between landscape 
alterations (e.g., deforestation, agricultural activities, dam creation) and BU 
emergence exist in west Africa and Australia, promoting speculation about M. 
ulcerans distribution in the environment (Merritt et al. 2010).
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Hayman (1991) hypothesized that closed rainforests in Victoria contain M. 
ulcerans, and disruption of the rainforest from continued deforestation results 
in M. ulcerans-contaminated runoff. Contaminated runoff could lead to higher 
concentrations of M. ulcerans in water bodies, resulting in a bacteria bloom under 
favorable environmental conditions (Hayman 1991). In addition, a study in Benin 
found villages at higher risk for BU were situated within flood-prone landscapes 
surrounded by an agricultural matrix, where deforestation likely took place 
(Wagner et al. 2008a). Deforestation typically results in soil erosion and increased 
runoff, creating ideal conditions for nutrient introduction into water bodies, espe-
cially where agriculture is present. This process can lead to higher water tempera-
tures, decreased oxygen levels, increased turbidity, and eutrophic conditions, all 
of which create a habitat that may be suitable to M. ulcerans (Merritt et al. 2005).

Linkages also exist between BU cases and agricultural environments, with 
BU risk increasing as percentage agriculture increased within a 20 km buffer 
surrounding village centers in Benin (Wagner et al. 2008b). Cases emerged 
in Liberia after the replacement of an upland rice field with a swamp rice field 
(World Health Organization 2000). In addition, irrigated rice fields and banana 
fields corresponded to high-risk BU zones in Côte d’Ivoire (Brou et al. 2008). 
While sampling for M. ulcerans presence did not take place in these studies, 
cultivated rice fields could provide suitable habitat for the pathogen to thrive, due 
to their nutrient-rich, semi-aquatic environment.

Several associations were found between water body disturbance, particularly 
dam creation, and increased BU cases. For example, students on a university 
campus in Nigeria began contracting BU after construction of a dam on a small 
river running through campus in order to create an artificial lake (Oluwasanmi 
1976). In Liberia, BU cases emerged in areas where the creation of dams 
expanded wetland areas (World Health Organization 2000). Further, a recent 
study in Côte d’Ivoire found a relationship between BU rates and patients’ prox-
imities to dams (Brou et al. 2008). Similar findings have been noted in Australia. 
Between 1957 and 1958, and in 1962, BU cases occurred following the building 
of large dams for agriculture irrigation north of Brisbane, Australia (Abrahams 
and Tonge 1964).

Ongoing case studies
Although the specific transmission mechanism(s) and ecological niche of the 
pathogen remain unknown, clear indications suggest that BU incidence results 
from a complex relationship between natural and social ecologies. The current 
section outlines two ongoing case studies and their preliminary results conducted 
by the authors. The first case study takes place in Victoria, Australia and inves-
tigates climate conditions as a proxy for mosquito abundance and their relation-
ship to disease incidence at a regional scale. As outlined previously, mosquitos 
are a suspected BU vector in Australia; therefore, exploring linkages between 
environmental conditions suitable to mosquito abundance and disease incidence 
could shed light on BU risk and help to promote future research directions and 
prevention strategies.



84  Jiaguo Qi et al.

The second case study takes place in Benin, West Africa investigating poten-
tial anthropogenic landscape disturbances and their relationship to BU inci-
dence. This study complements previous work conducted by Wagner et al. 
(2008a, 2008b) that quantified land cover composition related to BU incidence 
in the region. While previous studies investigated relationships between specific 
disturbances and BU incidence, this study will be the first to quantify relation-
ships between BU and potential disturbance across a broad region. Exploring 
linkages between potential anthropogenic disturbances and BU incidence may 
help to uncover high-risk activities, leading to more targeted prevention strate-
gies and more comprehensive field sampling efforts.

Victoria, Australia

In response to the lack of larger scale spatio-temporal BU studies in Australia, 
several authors of this chapter are currently performing a Victoria-wide inves-
tigation of the relationships among landscape and climate features with BU 
incidence across multiple years. Identifying the environmental attributes most 
related to disease emergence can provide insights into the plausibility of different 
vector and reservoir hypotheses proposed for this region. Moreover, the anal-
ysis includes climate conditions up to two years prior to each reported BU case, 
providing the researchers an opportunity to quantify lag-times between expo-
sure and disease presentation if significant correlations between previous climate 
features and disease incidence are identified. 

The Victoria study is utilizing a network approach (Dezső and Barabási 2002; 
Liljeros et al. 2001; Newman 2003; Watts 2004) as an initial step to analyze the 
structure of the BU disease network for 1981–2008. Preliminary results reveal a 
non-random pattern of BU incidence, suggesting the existence of regional factors 
driving BU emergence, thereby justifying a larger-scale, Victoria-wide analysis.

The authors are in the process of analyzing monthly BU incidence data in 
Victoria from 1981 to 2008 (Figure 5.2; Hayman 1991; Johnson et al. 1996, 2007; 
Veitch et al. 1997) at the local level in conjunction with corresponding climate 
and landscape features. 

Climate observations play an essential role in this study, not only because 
regional climate features are an unexplored environmental component in BU 
research, but also because they act as a proxy for mosquito abundance due to a 
lack of available mosquito census data. Subsequently, the ongoing study utilizes 
these specific climate conditions to infer larger mosquito populations. 

The Victoria analysis uses a multilevel statistical modeling approach (Bates 
2005; Bates and Maechler 2009; Raudenbush and Bryk 2002) to account for the 
nested structure of the data (i.e., multiple BU cases nested within each locality). 
Preliminary results suggest that overall, climate features are the most significant 
predictors of BU incidence, specifically increased precipitation 19 months prior 
to case emergence, followed by warmer minimum temperatures (i.e., 18 months 
prior). The initial findings also indicate that localities with greater forest cover 
and a lower mean elevation have a higher BU risk. Interestingly, the climate 
conditions are consistent with those associated with greater Ae. camptorhynchus 
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populations (Barton et al. 2004), however, forests would not provide the ideal 
habitat for these mosquitoes to thrive. This is primarily because Ae. campto-
rhynchus mate while in flight and therefore need open spaces to successfully 
reproduce (Bader and Williams 2011) rendering forests as poor habitats for this 
species. Subsequently, the climate variables may represent something, other than 
mosquito abundance, interacting with forested land cover, such as flooding.

Previous studies in both Australia and west Africa hypothesized that flooding 
is a BU risk factor (Hayman 1991; Meyers et al. 1996), suggesting that these 
events could transport the pathogen into regions previously void of M. ulcerans. 
If, in fact, the pathogen flourishes within forested areas, the immediate 
increase in minimum temperatures following increased rainfall may facilitate 
M. ulcerans growth. Such a process may allow M. ulcerans to persist in these 
previously unoccupied areas, exposing new human populations to the pathogen. 
Unfortunately, this scenario offers little insight into human incubation periods 
because documentation does not exist regarding the occurrence of socio-behav-
ioral activities with potentially contaminated environments. However, associa-
tions between disease incidence, low elevation, and increased forest cover were 
also found in west Africa (Pouillot et al. 2007; Wagner et al. 2008b) suggesting 
the possibility of similar habitats and transmission mechanisms in two environ-
mentally distinct regions.

Figure 5.2	 The distribution of endemic localities in Victoria, Australia (1981–2008).
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Although further analysis is necessary before the authors can offer thorough 
interpretation of the findings in Victoria, the preliminary results are particu-
larly exciting as they are the first to identify a relationship between climate 
conditions and BU incidence. This is an area of BU research that has previously 
been unexplored, but can have serious implications for infectious disease. Over 
the next century Australia’s population is projected to increase by as much as 
3.0 percent (Australian Bureau of Statistics 2011), while its climate is expected 
to become hotter and drier, but with more frequent extreme rainfall events 
(Solomon et al. 2007). The resulting interactions of climate variability and 
landscape dynamics can provide optimal environmental conditions for disease 
pathogens and/or vectors (Epstein et al. 1998; Epstein 2001; World Health 
Organization 2004). Consequently, understanding the relationships between 
environmental factors and BU disease will help to mitigate future risk under 
changing climate conditions.

The final outcomes of the Victoria study will hopefully offer insights into the 
ecology of M. ulcerans and BU transmission related to climate and landscape 
features. While previous studies in West Africa examined socio-behavioral BU 
risk factors and utilized similar methods to analyze and to identify landscape 
associations with BU, difficulties exist in acquiring climate observations in this 
region, and therefore, climate factors have been excluded from these studies. The 
preliminary results from the Victoria study suggest that the inclusion of climate 
factors in future studies may play a critical role in elucidating social and/ or envi-
ronmental risk factors in west Africa.

Benin, West Africa

Although previous BU studies investigated proximities of BU cases to anthropo-
genic landscape disturbances, for example artificial dams, irrigated agricultural 
plots, or gold mining facilities (Brou et al. 2008, Duker et al. 2006), these studies 
did not obtain a broad assessment of potential disturbance in BU endemic regions, 
prompting the ongoing landscape disturbance study in Benin. The purpose of 
this study is to quantify land cover patch shapes surrounding BU endemic and 
non-endemic communities in Benin to determine whether patches indicative of 
anthropogenic disturbance surround communities with higher BU rates.

Several patterns reflect potential anthropogenic disturbance when meas-
uring land cover patch shapes. For example, more uniformly shaped patches 
correspond to human activities, such as the construction of roadways or 
agriculture plots (Krummel et al. 1987), while more complexly shaped 
patches represent undisturbed areas, such as natural wetlands (Iverson 1998). 
Overall, a higher number of patches suggest potential habitat fragmentation 
(Narumalani et al. 2004). The researchers hypothesize that more fragmented 
land cover patches with more uniform shapes surround communities with 
higher BU rates in Benin.

Three land cover categories, forest, wetland, and a mixed forest and agricul-
ture class, are included in this study. Potential linkages between these categories 
and BU incidence as outlined in the literature provide the basis for class selection.
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The second study objective is to determine whether a spatial pattern exists 
for the variables that contribute to the distribution of BU incidence in Benin. 
Although the ecological drivers remain unknown, identifying a spatial pattern 
corresponding to disease incidence would provide several advantages, including 
the potential to predict BU risk across a landscape from which disease incidence 
is unknown using spatial statistical methods (Waller and Gotway 2004).

This investigation utilizes epidemiological data provided by the Programme 
National de Lutte contre la Lèpre et l’Ulcère de Buruli (PNLLUB). The data set 
consists of a subset of 2004 and 2005 BU positive and BU negative villages in 
southern Benin (Figure 5.3). Forest, wetland and mixed forest and agricultural 
land cover patches surrounding villages within the study area were quantified 
using a land cover map derived from 30 m resolution Landsat satellite imagery, 
and a suite of landscape metrics measured land cover patch shape characteristics 
and numbers of patches (Gergel and Turner 2002). The study utilizes a Bayesian 
hierarchical modeling approach with random spatial effects (Waller and Gotway 
2004) to analyze landscape metric values at several distances from village centers.

Figure 5.3 Distribution of BU-positive and BU-negative villages in Benin.
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Preliminary results do not support the study hypotheses that land cover 
patches that indicate the presence of human disturbance surround communities 
with higher BU rates, but suggest that more complexly shaped and aggregated 
patches, representative of more natural landscapes, surround these communities. 
The preliminary best fitting model, identified using a root mean square error 
calculation (Table 5.1), indicates that more aggregated and natural wetland areas 
within a maximum distance of 1.2 km from village centers surround communi-
ties with higher BU rates. These results are consistent with previous research 
associating BU risk with wetland systems, but provide additional information 
suggesting that contiguous, undisturbed wetlands may be an important factor in 
BU risk.

Although the preliminary results are interesting, several factors may have 
impacted the model outcomes and need further consideration. M. ulcerans abun-
dance is likely a dynamic phenomenon, and specific disturbance stages could 
play an important role in the distribution of the pathogen in the environment. For 
example, pathogen abundance may increase substantially immediately following 
a disturbance, such as the initial intrusion into a previously undisturbed forested 
area for agricultural purposes. Initial disturbances may present more subtle 
attributes that would not necessarily indicate anthropogenic disturbance under 
the patch shape analysis framework currently used in this study. Alternatively, 
secondary succession may play an important role in MU abundance. In this case, 
the potential exists for the measurements to indicate more natural patch shapes, 
even though previous disturbance could have an impact on within patch ecology. 
Future, real-time, quantitative polymerase chain reaction (PCR) genetic-typing 
applications have the potential to reveal relationships between pathogen abun-
dance and environmental disturbance stages (Merritt et al. 2010).

Table 5.1	 The root mean square error (RMSE) values between training and verification 
data sets used in the Bayesian hierarchical modeling approach for Benin 
(rates per 100,000 people)

Category RMSE

800 m agriculture/forest 507.8119383
800 m forest 632.0489476
800 m wetland 272.2508152
1.2 km agriculture/forest 505.6643283
1.2 km forest 218.4935089
1.2 km wetland 167.053699
1.6 km agriculture/forest 341.9403388
1.6 km forest 491.8787969
1.6 wetland 245.8153601
2 km agriculture/forest 228.7093229
2 km forest 248.449902
2 km wetland 207.4421244



Buruli ulcer disease  89

Further, the current study may need to include additional land cover types. The 
categories selected thus far represent an initial step toward quantifying potential 
anthropogenic landscape disturbance in the region. The inclusion of additional 
land cover types could provide a more holistic view of activities taking place and 
possible relationships to BU disease.

Another important factor may relate to the scale at which the current study is 
taking place. For example, higher-resolution satellite imagery revealed distinct, 
uniformly shaped squares, indicative of rice paddy cultivation, within an area 
identified as natural wetland in the present study. Employment of higher resolu-
tion satellite imagery to quantify patch shapes may provide important details 
corresponding to anthropogenic disturbances that were too subtle to detect 
using 30 m resolution Landsat imagery. Alternatively, the processes driving 
BU incidence may be occurring across a broader scale, and patterns repre-
senting these processes could be lost when taking a finer-resolution approach. 
Important questions remain regarding the scale at which to measure potential 
anthropogenic landscape disturbances and their relationships to BU incidence. 
Therefore, further investigations at multiple scales are a natural extension of the 
ongoing study.

Preliminary results support the second hypothesis that a spatial structure 
exists for drivers behind the pattern of BU incidence in Benin. Advantages of 
the spatial statistical method used in the current study include improved infer-
ence, insight into missing covariates, and increased accuracy and precision of 
predicted BU risk at unsampled locations (Finley et al.2008).

The parameters from the best-fitting landscape disturbance model (Table 5.1), 
identified using a root mean square error calculation, and the identified spatial 
structure of missing variables provides the foundation to construct a prelimi-
nary BU risk surface using a Bayesian kriging approach (Moyeed and Papritz 
2002). The preliminary risk surface spans southern Benin and into the southern 
region of Togo where reliable BU incidence data is unavailable. One challenge is 
that reliable census data do not exist in the study region during 2004 and 2005. 
Therefore, the study area is divided into a grid with points placed at 5 km inter-
vals, each with an assumed population of 100,000, in order to provide location 
data to predict BU risk.

The result is a preliminary risk surface (Figure 5.4) that identifies several 
regions with the potential for BU cases to emerge, with an assumption that people 
encounter these environments and that transmission takes place. Preliminary 
results demonstrate consistency with known endemic regions within Benin near 
the town of Tandji and between the Zou and Ouémé Rivers. Additional high-risk 
areas are predicted along the Couffo River in the west and the Ouémé River in 
the east. Floodplains exist in both of these regions with an extensive floodplain 
residing where the Ouémé and Zou Rivers join before draining into the Gulf of 
Guinea. Wetlands are present in the southern portion of the identified high-risk 
area where the river flows into Lake Nokoué before emptying into the Bight of 
Benin and also in the west near the Couffo River and the town of Tandji.

Initial model results predict lower rates along the coast, demonstrating 
consistency with low disease occurrence in this region (Sopoh et al. 2011). One 
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hypothesis is that brackish waters may impact environmental suitability for M. 
ulcerans growth due to higher salinity values (Merritt et al. 2010). Additionally, 
model results suggest lower predicted rates in higher elevation regions falling 
between the Couffo and the Ouémé and Zou Rivers where BU cases do not occur. 
These results are consistent with a recent study conducted by Sopoh et al. (2011) 
that determined that BU risk increased as elevation decreased.

Preliminary model predictions within the boundary of Togo suggest moderate 
risk along the Mono River, near the location of Nangbeto Dam. While wetland 
systems exist in this region, few BU cases have been reported since the construc-
tion of the dam 1987 (R. Christian Johnson, personal communication, March 24, 
2009). One hypothesis is that controlled water fluctuations, particularly those 
related to seasonal flooding, may contribute to altered environmental conditions 
that reduce habitat suitability for M. ulcerans (Merritt et al. 2010), but further 
investigation is needed to determine why cases no longer occur in this region.

Generally, the preliminary results suggest more moderate BU risk within the 
boundary of Togo compared to Benin, and these rates exhibit less variability. 
This phenomenon may be due to the distance of the predicted locations from 
the known prevalence locations. As distance increases from known data points, 
values tend to move toward a mean predictive value (Cressie 1993). Although this 
phenomenon may have impacted preliminary results within Togo, identification 
of regions at moderate risk for BU occurrence is a first step in bridging knowl-
edge gaps stemming from data disparities in the region.
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Figure 5.4	 Preliminary BU risk surface for southern Benin and Togo (rates per 100,000 
people).
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The purpose of the preliminary risk surface is not to predict actual transmission 
rates, but to identify regions at risk for transmission if persons encounter these 
areas based on environmental variables and the spatial structure of processes 
driving BU identified in the modeling process. Additionally, the natural environ-
ment is not a static phenomenon, nor is BU incidence. The risk surface interpolates 
values across the study region based on two years of BU case data and one LULC 
classification, although these components will continue to shift and to evolve over 
time. Further, reliable climate data at resolutions appropriate for the study are not 
available, limiting the identification of potentially important environmental vari-
ables contributing to BU incidence in the region, and reliable census data to which 
more precise risk rates could be predicted are not available at this time.

Despite these limitations, observing where BU transmission could likely take 
place if persons encountered similar environments provides a first step toward 
surveillance and prevention, while creating a foundation from which to target 
future environmental sampling and research efforts. Further, the ability to predict 
potential risk across international borders helps to break down barriers created 
by data disparities between regions due to lack of resources or infrastructure. 
These disparities affect the rural poor disproportionately, a large proportion of 
which are populations most vulnerable to disease.

Conclusions
Considerable progress within the last decade resulted in increased global aware-
ness of BU through collaborations across scientific disciplines and international 
borders and through the development of innovative methods to examine all 
aspects of the disease from potential pathogen habitats to improved diagnostic 
tools in medical facilities. Despite this growing international effort, significant 
knowledge gaps remain in M. ulcerans ecology and BU transmission research.

M. ulcerans DNA detection in numerous environmental samples have yet to 
provide the information necessary to identify the pathogen’s ecological niche. 
Without additional knowledge, the identification of specific environmental risk 
factors will remain challenging to discern. Examinations of behavioral risk 
factors often reveal contrasting results, confounding potential insights into 
disease transmission mechanisms. Further, limitations in epidemiological and 
environmental data sources, particularly in developing regions, limit advanced 
modeling approaches that might lead to additional insight into BU ecology.

The two ongoing research projects outlined in this chapter represent novel 
investigations in BU research. Initial results from the Australian study indi-
cate the regional disease network in Victoria contains a non-random structure, 
suggesting that external BU drivers exist at this scale. In addition, preliminary 
findings indicate that specific climate conditions may be significant predictors of 
disease emergence. While initial results from the landscape disturbance do not 
indicate that land cover representative of anthropogenic disturbance surround 
communities with higher BU rates, additional investigations at multiple scales 
could reveal important patterns. Importantly, preliminary findings suggest that 
a spatial pattern exists for drivers of BU incidence in Benin. Therefore, the 



92  Jiaguo Qi et al.

application of spatial statistical methods may be used to predict risk into remote 
regions and into territories for which incidence data are not available. While both 
studies have encountered obstacles in their analyses, the application of temporal 
and of spatial statistical methods that incorporated data across broader regions 
promise to result in new contributions to BU research.

A logical next step in BU research is the combination of a spatio-temporal 
modeling approach that incorporates both environmental and socio-behavioral 
data. Continued efforts toward a central, standardized reporting policy and coop-
eration throughout the international community will be a critical component to 
this research. Such a framework would provide the tools necessary to better 
understand the social and ecological drivers behind BU incidence, affording 
an opportunity to learn more about the individual disease system. In addition, 
this approach has the potential to better predict BU risk in remote regions with 
limited resources, where the most vulnerable populations reside.

In the face of a changing climate and subsequent ecosystem responses occur-
ring at a global scale, it is imperative that broad-scale approaches in disease 
ecology research be maintained and continually improved. Equally important, 
is the exploration and consideration of indirect consequences resulting from 
human impacts on the environment as potential catalysts for disease emergence. 
Advances in remote sensing technology, along with the increased quantity and 
accessibility of remotely sensed imagery, provide a unique and exciting opportu-
nity to explore these hypotheses from global to local scales. Employment of this 
approach will provide the foundation necessary for comprehensive, geospatial 
analyses that incorporate climate, landscape, and socio-behavioral variables for 
a holistic approach to disease ecology research.
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6	 The ecology of injuries in Matlab, 
Bangladesh
Elisabeth D. Root and Michael E. Emch

Introduction
Injuries are responsible for more than five million deaths each year, roughly 
equal to the number of deaths from HIV/AIDS, malaria, and tuberculosis 
combined (Gosselin et al. 2009). Low- and middle-income countries account 
for 91 percent of deaths due to unintentional injuries. When compared with 
high-income countries, the death rate is nearly double in low and middle income 
countries (65 versus 35 per 100,000), and the rate for disability-adjusted life-
years (DALYs) is more than triple (2398 versus 774 per 100,000; Chandran et al. 
2010). These low- and middle-income countries have higher injury rates, suffer 
more non-fatal, negative health outcomes, and die more often due to these inju-
ries. Morbidity and mortality rates vary significantly by region. Southeast Asia 
consistently experiences the highest injury rates, due in large part to the sizeable 
number of low-income countries in that region and stronger health surveillance 
systems which can more accurately report injury data. Low- and middle-income 
countries in southeast Asia contribute over 34 percent of the global uninten-
tional injury deaths (Chandran et al. 2010). While deaths due to injury are more 
often reported, and therefore studied, non-fatal injuries provide a more realistic 
picture of the overall burden of injuries because many of the most common 
injuries, such as burns and falls, do not lead to death. While two-thirds of the 
world’s injuries occur in developing countries there is very little research on the 
prevalence and causes of injury morbidity in these regions (Smith and Barss 
1991). This chapter explores the burden of accidental injuries among adults in 
Matlab, Bangladesh. The population of Matlab has participated in a comprehen-
sive health and demographic surveillance system since the 1960’s so that infor-
mation on unintentional injuries is available. The study not only investigates the 
prevalence of injuries but also population characteristics associated with acci-
dental injuries, in particular the relationship with socio-economic status. Socio-
economic status is measured for all people living in the study area through a 
comprehensive household-level survey of assets. The chapter provides a review 
of the literature on injuries in Bangladesh and other developing countries and 
describes the results of a survey in which non-fatal accidental injuries were 
systematically identified in an area with an ongoing health and demographic 
surveillance system.
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Theoretical context
This book is concerned with ecologies and politics of health, subjects upon 
which many specialists of medical and health geography and related fields such 
as epidemiology have theorized (May 1950, 1958; Hunter 1974). Political and 
social contexts lay the foundation of many diseases. There are few diseases 
that people get simply due to chance and poor or politically powerless people 
get diseases more often (Navarro et al. 2006; Laverack 2006; Wagstaff 2002). 
Injuries are no different than chronic disease such as cancer or heart disease 
because there are disparities in who is injured and injured individuals live within 
a socio-political context that affects their chances of injury. This paper focuses 
on how socio-economic status is fundamentally linked to injuries. Link and 
Phelan (1995, 2000) theorized that social conditions are usually the fundamental 
causes of diseases. They argued that social conditions “embody access to impor-
tant resources, affect multiple disease outcomes through multiple mechanisms, 
and consequently maintain an association with disease even when intervening 
mechanisms change” (Link and Phelan 1995: 81). Proximate causes of disease 
have been studied much more than distal causes such as social status or political 
context. Mayer (1996) argued that the field of medical geography should incor-
porate political context into health studies using a political ecology framework. 
Political ecology is concerned with understanding higher-level or “upstream” 
causes, such as social or political structures, rather than the “downstream” causes 
of disease, such as individual-level behaviors or environmental exposures. The 
political ecology framework is a similar conceptualization of the proximate and 
distal causes that were described by Link and Phelan (1995; for related discussions 
on political ecology and health, see Chapters 9 and 14 of the present volume). At 
the same time, political structures and policy decisions are not solely respon-
sible for disparities in health outcomes. Numerous factors within an individual’s 
environment affect health behaviors and outcomes. Features of the physical envi-
ronment such as rivers and roads, contaminants such as arsenic or pesticides, 
social structures such as the community cohesion and the size and strength of a 
person’s social network, all contribute to an individual’s health. The strength of 
the medical geographic approach is that it seeks to understand the multifaceted 
and multilevel ecology of a disease by placing a person within his or her context. 
This context varies over time and across space and explains the disparities that 
arise among different populations. This multilevel framework is one of the most 
important emerging directions in the field of public health and has been advanced 
over the past decade by the integration of a geographic perspective of health.

Socio-economic status has been identified as an important determinant 
of health across a broad range of countries and health issues (Yen and Syme 
1999; Wagstaff 2002; Emch et al. 2010; Diez-Roux et al. 2000). While socio-
economic status rarely has a direct influence on health outcomes, it can impact 
factors in an individual’s life that do directly influence health (Bollen et al. 
2001). These mediating variables may include physical characteristics such as 
poor sanitation or inadequate and overcrowded housing, which increase expo-
sure to infectious diseases, or behaviors such as condom use, which determine 
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exposure to unprotected sex. Socio-economic status is not just about material 
deprivation and is thus not sufficient to explain differential disease burden. As 
Marmot (1986) showed in the Whitehall Study using a cohort of British civil 
servants, inequality leads to more disease in poorer people. Socio-economic 
status is a multifaceted concept that may include education, occupation, income, 
wealth, and residence. However, in less-developed countries conceptualization 
and measurement of socio-economic status is challenging because adequate 
data are often not available and because ideas of wealth or income differ by 
culture or country. Prior research suggests that socio-economic status in devel-
oping countries should be measured in terms of assets or wealth rather than 
income or consumption (Gwatkin et al. 2002). In large, informal, predominantly 
agricultural-based economies, such as Bangladesh, income and consumption 
expenditure is difficult to measure. Many individuals work on family farms and 
have no formal income. In addition, price indices for consumable goods fluc-
tuate unpredictably in unstable economies. Both income and consumption are 
collected using household surveys, so answers are often confounded by recall 
bias (McKenzie 2004). Household characteristics and asset ownership are typi-
cally not subject to these reporting problems and are widely used an indicators 
of wealth. In this study, we use a comprehensive survey of household assets to 
construct a measure of socio-economic status for an area of rural Bangladesh. 
Using this measure of socio-economic status in conjunction with other demo-
graphic and environmental risk factors, we examine the risk for accidental 
injury among adults.

Injuries
Injuries fall into one of two categories. An accidental injury lacks intent in that 
the injury occurs as an unforeseen or chance outcome of a voluntary action. 
These types of injuries are also often referred to as unintentional. Examples of 
accidental injuries include falls, burns or cuts. In Bangladesh, many uninten-
tional injuries are occupational in nature, occurring, for example, when a woman 
burns herself while cooking, or when a man cuts himself while working in the 
fields. When an injury is intentional, it occurs as a direct result of an action that 
was meant to cause harm by that person or another. The simplest example of 
an intentional injury is suicide, but assault is also often considered intentional. 
Despite the fact that the injured individual did not intend to get injured, the action 
that resulted in injury was intentional in nature. Most studies of injuries examine 
unintentional/accidental and intentional injuries separately, though there are no 
guidelines for exactly which types of accidents are intentional or accidental. 
Classification is typically left to the discretion of the researcher.

Severity of injury is also important when understanding the burden of injury-
related morbidity and mortality: a minor cut is not the same as a broken bone. It is 
possible to gauge severity using instruments such as the Abbreviated Injury Scale 
(Gennarelli and Wodzin 2008), an anatomically based scoring system to deter-
mine the severity of injuries based on the survivability of the injury. However, 
the use of such instruments requires detailed medical record or injury report 
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data that are then reviewed by highly trained health professionals. This type of 
record review is often not possible in developing countries such as Bangladesh 
because of both the lack of trained health professionals and detailed injury data. 
In these cases such, injuries are only studied if they are severe enough to warrant 
medical intervention, which is used as a proxy for severity. While several recent 
studies have examined injury-related morbidity and mortality among children 
in Bangladesh, very little is known about the extent and causes of adult injury.

The few studies that have investigated accidental injury among adults have 
focused on specific populations, such as women or hospital inpatients. A hospital-
based study conducted in 2001 found that 33 percent of the beds in primary 
and secondary level hospitals in Bangladesh were occupied by injury-related 
patients, and more than 19 percent of the injuries were related to road traffic 
accidents. The vast majority of these patients were between the ages of 18 and 
45 (Mashreky et al. 2010b). Yusuf et al. (2000) investigated the major causes of 
injury-related deaths among women and girls aged 10–50 years in Bangladesh in 
1996 and 1997. They found that that almost a quarter of all deaths were injury-
related, and that the risk of injury-related death decreased with a woman’s age. 
Mashreky et al. (2010a) also found that women had higher rates of accidental 
death due to burns.

Urban or rural residence also appears to play a role in injuries. A community-
based study published in 2008 by Mashreky et al. concluded that the rates of 
non-fatal childhood burns in Bangladesh were significantly different in rural and 
urban areas, with incidence rates of 435 and 102 per 100,000 children, respec-
tively. In a later study, Mashreky et al. (2010a) also found that the injury rate was 
higher among rural females and many were related to burns. About 90 percent 
of the burn incidences occurred while cooking and were due to cooking/heating 
fire and fire from kerosene lamps. Yusef et al. (2000) found that 90 percent of 
all injury-related deaths and 93 percent of unintentional injuries in women came 
from villages as opposed to cities or towns in Bangladesh.

Studies from other developing countries also provide some insight into differ-
ences in the causes of injuries. Overall, road traffic injuries make up the largest 
proportion of unintentional injury deaths, followed by falls and drowning 
(Chandran et al. 2010). Mock et al. (1999) found that in Ghana the causes of 
injury-related mortality were markedly different in urban and rural areas. They 
note that urban areas were more burdened by motor vehicle- and transport-
related injuries, while rural areas were primarily faced with agriculture related 
injuries. Sathiyasekaran (1996) conducted a population-based cohort study of the 
incidence of injury among a low-socio-economic-status population in Madras, 
India and found that men had a higher rate than women (137 and 118 per 1000, 
respectively). In addition, men were nearly three times more likely to experi-
ence traffic injuries and women were three times more likely to have household-
related injuries. A recent study of unintentional home-related injuries in Iran 
found that burns and lacerations/cuts caused by contact with sharp instruments 
were the most frequently reported injuries and more common in rural areas and 
among men. Injury rates were highest among children aged 0–4 years and lowest 
among the elderly (60 years or over; Mohammadi et al. 2005).
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Unintentional injuries may be affected by socio-economic status through 
both the physical environment and behaviors. For example, open cooking and 
heating fires, more often found in lower-socio-economic status households, may 
increase the possibility of injury due to burns. Higher levels of education may 
increase knowledge of the risks associated with water environments or the use 
of farm equipment, which may in turn reduce risky or unsafe behaviors. While 
a wide range of studies have examined the relationship between socio-economic 
status and injuries in the developed world (Alexandrescu et al. 2009; Cubbin et 
al. 2000a, b), very few have examined this relationship in developing countries 
(Nordberg 2000; Murray and Lopez 1997), especially among adults. Only a few 
studies have investigated the relationship between socio-economic status and 
injury in Bangladesh, and results were limited to children. Results indicated that 
poor children were 2.8 times more likely to suffer from injury related mortality 
than wealthy children, taking into account all the other factors (Giashuddin et al. 
2009). Rahman et al. (2004) found that low literacy and low income were major 
risk factors for childhood drowning.

Study area, data, and methods

Study area

The research site for the International Centre for Diarrhoeal Disease Research, 
Bangladesh (icddr,b) and for this project is called Matlab due to the prox-
imity of the centre’s hospital to Matlab Town. Matlab is in south-central 
Bangladesh, approximately 50 kilometers southeast of Dhaka, adjacent to 
where the Ganges River meets the Meghna River, forming the Lower Meghna 
River. The majority of the population is engaged in agricultural produc-
tion and the educational infrastructure is poorly developed. Per capita gross 
national income is roughly US$590 per year, and approximately 50 percent of 
the population lives below the poverty level (World Bank 2010). The predomi-
nant occupation for rural males is agriculture, with labor force participation 
rates remaining very high even for older males. Women are largely restricted 
by convention to activities within the home with relatively little opportunity 
to venture outside the homestead.

A demographic surveillance system (DSS) has recorded all vital events of the 
Matlab population since 1966; the study area population has been approximately 
200,000 since that time. The database is the most comprehensive longitudinal 
demographic database of a large population in the developing world (icddr,b 
2000). Each individual in Matlab is given a unique ID at birth or entry into the 
study area, as well as a unique household ID and extended household (bari) ID. 
Matlab DSS data have been used extensively in the demographic literature, and 
these data are considered to represent one of the few high-quality (i.e. complete, 
accurate and up-to-date) demographic data sources in the developing world 
(Fauveau 1994). In 1995, a geographic information system (GIS) database of the 
Matlab research area was created (Emch 1999; Ali et al. 2001). The GIS database 
includes bari locations for all individuals living in the Matlab study area.
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Baris often include several households which are clustered around a small 
central courtyard. The location of each bari, defined as the middle point of that 
courtyard, was collected using handheld GPS units. Baris are given the DSS 
census number within the GIS database so that demographic data and incidence 
data can be linked to specific bari locations. The Matlab field research center 
has in- and out-patient services, a medical laboratory, and research facilities. 
One-hundred twenty community health workers (CHWs) visit each household 
area every month to collect demographic, morbidity, and other data.

Data

A large-scale survey of adult health and socio-economic conditions called the 
Matlab Health and Socioeconomic Survey (MHSS) was implemented in 1996 
(Rahman et al. 2001). The MHSS addresses several broad areas of concern to the 
rural adults. These include the effect of socio-economic and behavioral factors 
on adult health status and healthcare utilization, the linkages between adult well-
being, social and kin network characteristics and resource flows, and the impact 
of community services and infrastructure on adult health and other human 
capital acquisition. In addition to detailed data on social networks, life histories 
and economic activity, the survey collected self-reports on overall health status, 
activities of daily living (ADLs), and chronic and acute morbidity.

The MHSS used a multistage, multisample household survey that collected infor-
mation from 11,150 individuals aged 15 and over in 4538 households. At the time of 
the sample selection, the Matlab surveillance area consisted of 8640 baris, of which 
roughly one-third (31.1 percent or 2687) were randomly sampled. Since baris are 
clusters of patrilineally related groups of households, sampling baris rather than 
households provides a better representation of family networks, a major focus of the 
MHSS survey. Within each bari, up to two households were selected for detailed 
interviews. Within each selected household, all individuals aged 50 years and over 
and a sample of individuals below the age of 50 were interviewed. There were 11,150 
individuals aged 15 years and over in the MHSS bari sample.

The adult questionnaire included a variety of questions pertaining to health, 
education, employment and marital history. A set of three questions were used 
to identify the prevalence of injuries for this analysis. The first asked respond-
ents if they “Had any health problems due to accidents during the past month?” 
The other two questions were asked for individuals who had visited a health 
facility (as an outpatient or inpatient) in the past year. Respondents were asked 
if an accident was the “purpose of your visit to the health facility/provider.” If 
a respondent answered yes to any of these questions, he or she was coded as 
having an accidental injury. Separate questions on the survey asked about inju-
ries that may have been intentional in nature, such as assault or suicide, and 
participants were asked to only report injuries that occurred as a result of an 
accident. Prompts included broken bones, serious cuts and burns. Although we 
were unable to directly measure severity of the injury due to the nature of the 
questions asked on the survey, we only captured injuries that were severe enough 
to require medical intervention.
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The MHSS also asked questions related to individual characteristics such as 
age, sex, religion, marital status and occupation and household characteristics 
such as ownership of land, livestock and other assets. Of particular relevance 
to this study, the MHSS asked all heads of household a detailed list of ques-
tions about housing construction and household assets. These questions asked if 
any member of the household owned items such as a clock or watch, hurricane 
lamp, furniture, quilt, and so on. The MHSS recorded the bari number to which 
each household belongs, enabling researchers to link survey data to outside data 
sources using geographic location. For the purposes of this study, we focus on 
10,414 respondents aged 15 years and older for whom we have complete infor-
mation. 737 individuals from 35 households were dropped from the analysis 
due to missing household characteristic data. This analysis was cross-sectional, 
meaning that data were only collected at one point in time (May–August 1996).

Methods

Socio-economic status measurement

A categorical socio-economic status variable was developed using principle 
components analysis (PCA) in SAS version 9.2 software. PCA is a data compres-
sion method that facilitates the reduction of many variables by outputting new 
variables (“components”) in order of greatest explanatory power and that are 
orthogonal to each other in that data space. Each component effectively captures 
the “essence” of the original variables. In this case, we created a single house-
hold-level measure of socio-economic status from multiple MHSS variables that 
record household assets. The individual measures of household assets by them-
selves do not give us a clear picture of the overall socio-economic state of the 
household. But the composite variable created using PCA captures the essence of 
household socio-economic status.

The socio-economic status measure created from the MHSS data reflects 
a composite of six dummy variables of ownership of household assets and one 
ordinal variable of household wall material (Table 6.1). Roof material and owner-
ship of agricultural land were also collected but both were excluded because most 
residents have a tin roof and own farmland. socio-economic status scores were 
first created for each household in the study sample. The household-level socio-
economic status scores were then collapsed by bari, and the mean score represents 
bari-level socio-economic status. Both household- and bari-level socio-economic 
status scores were sorted from lowest to highest and divided into equal quintiles. 
Higher quintiles reflect higher socio-economic status. We chose to classify the 
socio-economic status variable rather than use the raw scores because the actual 
numeric values of the socio-economic status variable do not have any inherent 
meaning aside from larger scores denoting “higher” socio-economic status and 
smaller scores denoting “lower” socio-economic status. Thus, some type of an 
ordinal scale is most appropriate for representing this variable.

There are many methods for classifying indicators such as socio-economic 
status including quantiles and standard deviation. Quantiles divide the sample 
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into a specified number of groups, usually four (quartiles) or five (quintiles), with 
an even number of observations in each group. Standard deviation is typically 
used when a variable is normally distributed while quantiles are used when a vari-
able is skewed or has serious outliers. It is well known that different classification 
methods may affect results (Monmonnier 1996; Huff 1993; Openshaw and Taylor 
1979). However, when a variable is normally distributed, standard deviations 
and quantiles typically result in nearly identical classifications. In public health 
research, it is common to use quintiles when using PCA to create a new variable 
due to the way the new variable is created. The new variable is standardized in 
relation to a standard normal distribution, meaning that the variable has a mean of 
zero and a standard deviation of one. Due to the fact that the socio-economic status 
variable was normally distributed and given the standard classification method in 
public health, we chose to use quintiles to classify socio-economic status.

We hypothesize that increasing household and bari socio-economic status will 
lead to a decreased risk of an injury. We modeled the effect of both household- 
and bari-level socio-economic status scores in order to examine whether the 
socio-economic condition of the larger bari was equally important as the socio-
economic status of the household in which the individual lives.

Environmental conditions

The MHSS also recorded the DSS bari number for each household, which allows us 
to link MHSS data to the spatial database. Thus, survey data are linked to specific 
bari locations and indicators of proximity to environmental characteristics can be 
developed. Using the GIS, we calculated the linear distance in meters between each 
bari included in the MHSS and the nearest river and road. Essentially, a straight 
line was drawn between each bari and the closest river and road. These distance 
calculations were then linked back to individual MHSS respondents using the bari 
number. This method of measuring distance is appropriate for rural Bangladesh 
as very few roads exist and people typically walk through fields in the straightest 
possible line toward their destination. Drawing from prior literature that suggests 
road traffic accidents and drowning are two of the most prevalent injury types, we 

Table 6.1	 Variables included in principal components analysis to create socio-economic 
status index

Household assets (1 = yes, 0 = no) Wall material

Had cows/buffaloes in the past year? Main wall type of this 
household?

Does any member of the household own furniture? 1 = Pucca/cement
Does any member of the household own a quilt? 2 = Wood
Does any member of the household own a bike? 3 = Bamboo
Does any member of the household own a clock/
watch?

4 = Dirt, mud, straw, and leaves

Does any member of the household own a radio?
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hypothesize that individuals living in households and baris closer to a river or road 
will have a greater risk of an injury because they are more likely to cross or use 
these geographic features than individuals living farther from a river or road. Since 
our sample only includes adults aged 15 and older, we do not expect to see a strong 
effect of distance to river since drowning is most prevalent among children under 
the age of 5 (Iqbal et al. 2007). However, during the monsoon season, flooding does 
cause drowning deaths even among the adult population. Road traffic accidents are 
most prevalent among adolescents and adults age 15 and older (Yusuf et al. 2000; 
Rahman et al. 2004). Since we did not have information on the specific cause of 
the accident, we cannot explore the relationship between these environmental vari-
ables and injury type, a limitation we discuss further below.

Statistical methods

Univariate analyses were used to examine the relationship between each explana-
tory variable and the outcome. Variables showing a p-value of 0.2 or less derived 
from chi-squared or t-tests were retained for the multivariate analysis. Relationships 
among injuries, demographic characteristics, environmental variables, and socio-
economic status were measured using generalized estimating equations (GEE) 
with a logit link function to account for the bari-level correlation and cluster 
sampling scheme of the survey. These models were built using independent and 
exchangeable within-bari correlation matrices to control for the correlation. The 
dependent variable was occurrence of an injury (yes or no). The demographic, 
environmental and socio-economic status variables were included as explanatory 
variables. Coefficients of independent variables in the models were exponenti-
ated to estimate the odds ratio (OR) of injury associated with different variables. 
Standard errors for coefficients were used to estimate p-values and associated 95 
percent confidence intervals (CIs) for the ORs. All statistical tests were interpreted 
using a two-tailed distribution. Two separate models were built to differentiate 
between the effect of household-level socio-economic status and bari-level socio-
economic status. Univariate and multivariate analyses were carried out in SAS 9.2.

Results
A total of 142 individuals aged 15 and older reported an accidental injury during 
the year prior to the survey, for an overall rate of 12.7 injuries per 1000 people. 
Figure 6.1 shows the spatial distribution of the population sampled for the MHSS 
survey by village and the location of accidental injury events. Villages shaded in 
dark grey have a greater number of individuals sampled during the survey and 
a larger population. The black dots show the bari of individuals that reported 
an injury during the past year; larger dots show that two injuries were reported 
for that bari. Figure 6.2 shows the rate of injuries by socio-economic quintile. 
In general, injury rates appear to decrease as household socio-economic status 
increases, ranging from a high of 18.2 per 1000 persons to a low of 9.9 per 1000 
persons. While this trajectory is not smooth, it does show an overall trend in 
injuries by socio-economic status.



Figure 6.2 Injury rate per 1000 by household socio-economic status quintile.

Figure 6.1 Spatial distribution of Matlab Health and Socioeconomic Survey population 
and accidental injury events (1996).
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Table 6.2 shows the characteristics of the population and results from the 
univariate analysis. In general, individuals experiencing injuries were younger, 
male, unmarried, and more likely to be able to read. Neither environmental vari-
able showed a statistically significant univariate association with injuries. In 
addition, neither the household-level socio-economic status or bari-level socio-
economic status indicators showed a significant univariate association with inju-
ries at the p<0.05 level.

Table 6.2	 Sample characteristics and results from univariate analyses

Case Control p*

Age (mean years)   34.3 40.3 <0.0001
Sex
  Male   80 5003
  Female   62 6006   0.0096
Religion
  Muslim 131 9809
  Other   11 1200   0.2301
Marital status
  Married   88 7993
  Never married, divorced, or separated   54 3016   0.0048
Literacy
  Can read easily or with some difficulty   79 4830
  Cannot read   63 6176   0.0050
Occupation
  Farming   31 2178
  No farming 111 8831   0.5431
  Distance to river (mean meters) 215 193.4   0.1418
  Distance to road (mean meters) 261.1 288.5   0.2838
HH-level SES
  1—lowest   26 1430
  2   25 2117
  3   38 2643
  4   11 1109
  5—highest   42 3675   0.2009
Bari-level SES
  1—lowest   33 1920
  2   24 2117
  3   28 2368
  4   26 2032
  5—highest   31 2565   0.4892

Note: *p-value derived from chi-squared tests (categorical variables) or t-tests (continuous vari-
ables).
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Table 6.3 presents the results of the multivariate models estimating the risk 
of an accidental injury. Household socio-economic status is significantly associ-
ated with the occurrence of an injury (OR=0.88, 95 percent CI: 0.77–1.00): the 
higher the socio-economic status score, the lower the occurrence of an injury. 
The odds ratio shows that for every quintile increase in socio-economic status, 
the odds of an injury drop approximately 12 percent. Thus, there is nearly a 50 
percent decrease in the odds of an injury between the lowest and highest quin-
tiles of socio-economic status. There was no significant relationship, however, 
between bari-level socio-economic status and injury occurrence. Age was the 
strongest predictor of an injury (OR=0.98, 95 percent CI=0.97–0.99). Older indi-
viduals were at a decreased risk for accidental injury than younger individuals; 
the odds of an injury drop by approximately 2 percent for each year of life. Sex 
and literacy show marginally significant associations, with men and individuals 
who can read experiencing greater odds of an injury.

Discussion
Findings from this study confirm and augment results from the few studies that 
have been done on socio-economic status and injuries in Bangladesh. Prior 
studies show an increased risk of injury among children in low-socio-economic-
status families (Giashuddin et al. 2009; Rahman et al. 1998) but no studies to 
date have examined this relationship among adults. This study suggests that a 
similar relationship exists between low socio-economic status and risk for injury 
among adults. Socio-economic status was measured using an index of house-
hold assets, which has successfully been used in other health-related studies in 
Bangladesh (Emch et al. 2010; Giashuddin et al. 2009; Mobarak et al. 2008). The 
collection and use of household assets, rather than bari-level assets, may explain 
the significant relationship between household-level socio-economic status and 
injury risk, but not between bari-level socio-economic status and injury risk. 

Table 6.3 Predictors of injury risk

Variables Model 1: household-level SES Model 2: bari-level SES

OR* 95% CI p-value OR* 95% CI p-value

Age 0.98 0.97–0.99 0.016 0.98 0.97–0.99 0.015
Sex 1.39 0.97–1.99 0.067 1.40 0.97–2.00 0.065
Literacy 1.51 1.00–2.26 0.046 1.45 0.96–2.19 0.075
Marital status 0.86 0.58–1.26 0.449 0.86 0.58–1.27 0.451
River distance 1.00 0.99–1.00 0.088 1.00 0.99–1.00 0.088
Household SES 0.88 0.77–1.00 0.051 – – –
Bari SES – – – 0.91 0.79–1.04 0.185

Note: *Multivariate odds ratio for the cited variable, adjusted for all other variables in the table, in 
a model using GEE with the logit link function.
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Construction of a different variable, which more accurately captures bari-level 
socio-economic status and may not be related to household assets at all, could 
lead to completely different results. More research should be conducted to 
examine what exactly constitutes high or low bari-level (or even neighborhood- 
or village-level) socio-economic status. The construction of household asset 
indices is a hotly debated topic in development studies and there is very little 
agreement about exactly which assets should be included, what methods should 
be used to combine assets into an index or even with which health outcomes asset 
indices should correlate. While the asset index we chose to employ has been used 
extensively, there is need for more research on how to construct and categorize 
socio-economic status. The quintile method of socio-economic status construc-
tion used here should also be explored. While this is one standard of classification 
in public health, including fixed effects of household metrics or continuous vari-
ables with and without polynomials, could also reveal interesting results.

The association between injury and literacy was statistically significant in 
both the univariate and multivariate analysis, though not in the expected direc-
tion. Individuals who reported the ability to read “well” or “with some diffi-
culty” had higher odds of injury, even after controlling for age, sex, literacy, 
marital status, and socio-economic status. Literacy was originally included in the 
PCA used to develop the socio-economic status index, but was removed because 
it did not load with the other factors (e.g., household assets). In light of these 
results, it is possible literacy captures a completely different relationship between 
socio-economic status and injury than does the index of household assets. More 
puzzling is the direction of the relationship. Most studies of socio-economic 
status and health suggest that lower levels of literacy or education are inversely 
related to health. Less education leads to higher morbidity and mortality rates 
and poorer health related behaviors. It may be that poor health leads to lower 
levels of schooling, since individuals in poor health typically miss more school 
due to illness. Additionally, more highly educated individuals may be exposed 
to, or are more likely to adopt, new behaviors and attitudes that improve overall 
health. Less educated individuals are more likely to engage in activities that lead 
to adverse health outcomes, presumable because they do not fully understand the 
risks involved in those behaviors. The unexpected relationship between literacy 
and injuries in this study may be due to the way in which literacy and socio-
economic status are measured and interact in this population. While literacy was 
significantly associated with injuries in the univariate analysis, controlling for 
other demographic and socio-economic variables in the multivariate analysis 
removed the statistical significance. It is likely that the relationship between inju-
ries and literacy is mediated by additional variables, and that literacy and socio-
economic status capture similar causal mechanisms, such as improved access to 
injury prevention programs or ownership of household assets that may increase 
risk for injury. In Matlab, households involved in a microcredit loan program 
often purchase items such as boats, motor vehicles or heavy farm equipment. 
Some researchers suggest that uneducated or socio-economically disadvantaged 
individuals may have difficulty engaging in microcredit activities because they 
cannot meet the participation and eligibility requirements. Lack of education or 
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low literacy may also compromise the ability of potential microcredit clients to 
understand the benefits of credit or successfully utilize credit (Evans et al. 1999; 
Rahman et al. 1992). To date, no study has specifically examined the relation-
ship between microcredit programs and accidental injury, though such an under-
taking would be interesting given the proliferation of microcredit programs in 
the developing world. 

Multivariate results also indicate that younger individuals have greater odds 
of accidental injury, as do men and unmarried individuals. These results support 
prior studies, which have also shown that younger individuals and men are more 
prone to accidental injury (Mashreky et al. 2010b; Rahman et al. 1998; Yusuf 
et al. 2000). Given the differential in gender roles in Matlab, the increased risk 
of injuries found among men in our analysis is not surprising. Bangladeshi men 
engage in heavy farm labor or fishing and are highly mobile—leaving the bari 
often to engage in labor and to procure resources for the household. All of these 
activities place men at a greater risk for accidental injury. Women, on the other 
hand, have very limited mobility and stay in the bari conducting housework and 
childcare, raising livestock, and providing after-harvest agricultural support 
such as sorting ad drying of rice and lentils. Most of these activities pose no 
great risk for accidental injury. The relationship between young age and acci-
dents may be attributable to the type of work or risk behaviors in which young 
people engage. In Matlab, younger men conduct more of the heavy labor which 
may increase their risk for injury. At the same time, older individuals may have 
acquired higher levels of skill at their respective occupations, decreasing the risk 
for injury. Risk-taking behavior is also a normal part of young adulthood and 
injuries are a likely outcome of risk taking (Cohen and Potter 1999). 

Several environmental variables were examined, including distance to major 
roads and rivers. These measures were included because prior literature indicates 
that road or traffic accidents make up a large percentage of accidental injuries in 
developing countries (Chandran et al. 2010; Mashreky et al. 2010b). We did not 
find a significant association between injuries and proximity to roads, which may 
be due to the rural nature of the study area. Matlab has only one road that can 
support motor vehicle traffic, a narrow paved road connecting Matlab Town to a 
highway. It is therefore unusual for a traffic accident to occur, though such events 
do occasionally occur in and around Matlab Town. In addition, the condition of 
the road is poor and drivers cannot typically drive fast. We did find a margin-
ally significant association between proximity to rivers and injuries, which may 
reflect the high rates of drowning and other water-related injuries reported by 
other studies in the region (Chowdhury et al. 2009; Ahmed et al. 1999). The 
results for both distance to river and road may also be influenced by the type of 
injury that occurs in these locations and how these injuries are reported in the 
MHSS survey. Drowning and road traffic accidents are often fatal and would not 
have been picked up in the MHSS since only living individuals were surveyed. A 
more complete picture of accidental injury would require mortality data, which 
might well alleviate any systematic underreporting of more severe injuries.

Several limitations to this study should be mentioned, especially given 
the marginally significant relationship between socio-economic status and 
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accidental injury. First, data on injuries were collected by self-report during 
the course of the MHSS survey. While interviewers prompted survey respond-
ents to only report accidental injuries and injuries that were severe enough to 
restrict daily activities or warrant medical intervention, it is certainly possible 
that some injuries were incorrectly reported. Second, the current analysis 
would be stronger if some measure of severity of injury was collected. It may 
be that socio-economic status is more strongly predictive of severe injuries or 
certain types of injuries. In addition, the environmental variables (distance to 
river and road) could potentially be strong predictors of certain types of inju-
ries, near-drowning and traffic accidents in particular which are often more 
severe. It is entirely possible that the addition of a severity index would reveal 
stronger relationships between ecological factors and injury risk. However, 
due to the fact that we did not collect data on the type of injury we cannot 
link information on environmental context to specific injury type, which may 
explain the poor relationship observed between river and road distance and 
odds of an injury. The second round of this survey (MHSS2, scheduled for 
2012) will collect more detailed injury information, including severity and 
injury type. An alternative enhancement would be to include information on 
injury mortality that occurred in the region along with the survey data on 
morbidity. Addition of mortality data would certainly capture a certain level 
of severity and may lead to additional information about the role of social and 
environmental factors in injury risk. For example, it is possible that our data 
on occupation showed no relationship to injury because agricultural injuries 
(such as those involving heavy machinery) are more likely to lead to death. 
Alternatively, individuals engaged in non-farm occupations in Matlab often 
work in nearby factories and the risk factors related to occupational inju-
ries may not adequately be captured by variables in the MHSS survey. This 
suggests that measurement and construction of variables in a survey of this 
nature should be carefully considered so that situations and environments that 
lead to injuries are correctly measured.

Conclusion
In their early and important study, Link and Phelan (1995) suggested that in order 
to understand the fundamental cause of disease public health scientists should 
focus on social conditions, rather than individually based risk factors. While 
fully acknowledging the importance of individual risk factors, they argued that 
these factors need to be considered within a broader social context. People are 
exposed to situations that influence individual behavior through interactions 
with their social and physical environment. In addition, some social conditions 
affect access to results that help individuals avoid diseases or modify unhealthy 
behavior. Link and Phelan based their argument on clear evidence that lower 
socio-economic status is associated with lower life expectancy, higher overall 
mortality and higher rates of infant and perinatal mortality (Link and Phelan 
1995, 2000). These findings continue to obtain support as increasingly more 
studies examine social, economic and racial disparities in health.
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Health and medical geographers have contributed a tremendous amount to 
understanding social and environmental context and health. Through the use of 
techniques and methodologies such as GIS, spatial cluster analysis, and spatial 
and multilevel regression, geographers have linked social and physical envi-
ronment to individual behaviors and outcomes in order to study the impact of 
these environments on a variety of health outcomes. The study discussed in this 
chapter used several of these techniques to integrate social and economic data 
with individual-level information on injury. But health and medical geographers 
contribute more than just techniques. Fundamental to the field of geography is 
an understanding of the importance of human–environment interactions, and 
how social and environmental contexts change with geographic scale. The world 
exists at multiple scales, and some health-influencing processes, such as health or 
development policies, exist at a much higher scale (e.g., national or regional) than 
other processes, such as poverty or water quality (e.g., local or individual). By 
integrating social and physical context and a variety of geographic scales, we can 
increasingly understand how and at what scale certain aspects of context influ-
ence health outcomes. Medical and health geographers are uniquely positioned 
to place people in their context. This is, possibly, one of the more important 
contributions of geography to public health—the capacity to think at multiple 
scales and integrate political and ecological factors into a cohesive and holistic 
understanding of human health.

The study presented in this chapter, while limited in scope, exemplifies how 
we can integrate ecological and individual data using geographic methods. 
Within the literature on injuries, it is one of the first which attempts to inte-
grate environmental, household, and individual-level factors. Since injuries are 
caused by a complex set of circumstances which exist within and outside the 
individual, this multilevel framework is an important way in which to frame 
and study this aspect of health and can be used as a model for future research. 
In this study, the distal (upstream) causes of injuries (socio-economic status) 
were found to be as important as the proximate (downstream) causes (age and 
sex). Thus, in Link and Phelan’s words, socio-economic status may be a funda-
mental cause of injuries in rural Bangladesh. This finding is not surprising 
given that there are disparities in just about any health-related outcome one 
might study including a wide range of outcomes such as cardiovascular disease, 
obesity, depression, psychiatric disorders, the common cold, self-rated health 
and cholera (Diez-Roux et al. 2000; Pollack et al. 2007; Vegso et al. 2007; 
Morenoff et al. 2007; Cohen et al. 2008; Fernald et al. 2008; Williams et al. 
2008; Clougherty et al. 2009; Subramanyam et al. 2009; Thurston and Matthews 
2009; Emch et al. 2010). It is, however, surprising that there was such a clear 
socio-economic gradient in rural Bangladesh considering that almost everyone 
is “poor” by Western standards. In other words, there are even disparities in 
the poorest tail of the socio-economic distribution for injuries. Studies such as 
this should be used to direct additional research and inform injury prevention 
policy. Policies targeting lower-socio-economic-status households may succeed 
in reducing injury in this population. At the same time, more research is needed 
on the mechanisms by which socio-economic status affects risk. Do women in 
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low- socio-economic-status households use unsafe cooking equipment which 
places them at greater risk for burns? Do men of greater socio-economic status 
typically not engage in heavy farm work, thereby decreasing their risk of injury? 
Once these mechanisms are understood more target injury prevention policies 
and interventions can be planned.
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7	 Human settlement, 
environmental change, and 
frontier malaria in the Brazilian 
Amazon
Marcia C. Castro and Burton H. Singer

Introduction
Between 1970 and 2007, the Brazilian Amazon grew from 7.8 million people to 
23.6 million (IBGE 2009). This increase was mostly a result of in-migration in 
response to governmental incentives in support of agriculture, mineral extrac-
tion, cattle ranching, and wide-ranging human settlement (Benchimol 1985; 
Moran 1985; Sawyer 1986; Mahar 1989; Schmink and Wood 1992; Browder and 
Godfrey 1997). At the same time, the Amazon experienced significant envi-
ronmental changes. In 1978, approximately 169,900 km2 of the forest had been 
removed, and by 2003 the cleared area amounted to 648,500 km2 (16.2 percent 
of the initially forested area of the Amazon; Fearnside 2005b). Since 2000, an 
average of about 18,000 km2 of forest cover was removed annually (INPE 2009). 
Much of this environmental change was a direct result of the aforementioned 
governmental incentives, but some was a consequence of illegal activities in 
the region (e.g., timber extraction). Consequences of these transformations were 
observed in many aspects of the life of the Amazonian population. In this chapter 
we focus on health, particularly on malaria.

A series of reports released in the early 1900s revealed the poor sanitary condi-
tions of the Amazon region and portrayed malaria as very severe, particularly 
proximate to rivers, swamps, and rubber extraction areas (Chagas 1903, 1913; 
Cruz 1913; Peixoto 1917). In 1945, indoor residual spraying with dichlorodi-
phenyltrichloroethane (DDT) was first utilized in the region and progressively 
expanded over time (Deane et al. 1948). In 1970, the region recorded almost 
32,000 cases of malaria (61 percent of the national total). Since then, the disease 
has continued to become a burden in the Amazon, causing severe morbidity and 
accounting for the virtual majority of cases in Brazil.

Malaria cases are heterogeneously distributed in the Amazon and are mostly 
concentrated in agricultural settlement areas, mining camps, and areas of land 
invasion. While significant (human) migration of a largely malaria-naïve popula-
tion (Sawyer and Sawyer 1987; Singer and Castro 2001) and increased deforesta-
tion are critical factors associated with increases of malaria transmission (Tauil 
et al. 1985; Sawyer 1992a; Patz et al. 2000; Olson et al. 2010), each factor cannot 
solely account for the disease burden (Sawyer 1992b). It is neither the deforesta-
tion process per se nor the migratory movement per se that leads to an increase 
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in the number of malaria cases. Instead, it is the social context (which, broadly 
defined, also includes the impact of policies on people’s lives) in which both 
occur and interact that determines the levels and patterns of malaria transmis-
sion. In that regard, there are examples of development projects coordinated by 
private and public firms that were implemented in the Amazon and that were 
able to prevent malaria outbreaks (Chagas et al. 1982; Couto et al. 2001). These 
projects involved both migration and deforestation. However, tight surveillance 
and strict rules regarding individual prevention, treatment, and vector control 
were critical for minimizing malaria risk.

Understanding this context, the interactions that it fosters, and the effects for 
the health of those involved requires a multidisciplinary analytical approach 
that combines aspects related to the environment, the political scenario, demo-
graphics, individual knowledge and behavior, culture, and economic conditions. 
In addition, since the majority of these aspects are dynamic and specific to each 
location, the analytical approach also needs to incorporate temporal and spatial 
dimensions. Consequently, a new concept known as frontier malaria was intro-
duced to characterize malaria transmission in settlement areas in the Amazon 
(Sawyer 1988; Castro et al. 2006a). Frontier malaria highlights the importance of 
the social sciences for the study of malaria (Sawyer and Sawyer 1992), and the 
fact that the determinants of transmission are not static, but rather vary in impor-
tance over time and across different geographical scales (Castro 2002; Castro et 
al. 2006b; da Silva et al. 2010).

The importance of a multidisciplinary approach is at the core of the Malaria 
Eradication Research Agenda (malERA) initiative, which assembled a team of 
scientists to develop a research and development agenda for eradicating malaria 
(Alonso et al. 2011). It is also expressed in the need for multisectoral initiatives 
aimed at improving local health conditions (e.g., joint and coordinated efforts 
between governmental sectors that focus on public health, urban planning, agri-
culture, and sanitation; Singer and Castro 2007). Further, the need for a multifac-
eted approach has been increasingly recognized in different research arenas; for 
example, bringing together multiple disciplines has been linked to environmental 
conservation and management in the Amazon (Fearnside 2010).

In this chapter we provide a comprehensive assessment of the context in which 
frontier malaria emerges in settlement areas. Our results indicate that malaria 
transmission in the early years of occupation is mostly driven by environ-
ment-related conditions. By comparison, after approximately ten years, social, 
economic, and behavioral aspects become more relevant. This overall pattern, 
however, shows local variability, which has important implications for the selec-
tion and implementation of control interventions.

The remainder of this chapter is organized in four sections. We start with a 
brief description of the environmental transformations that have occurred in the 
Amazon in the recent past, with a special focus on potential consequences of 
those changes on the patterns of malaria transmission. The following section 
provides a comprehensive discussion of a systemic view of malaria, introduces 
the concept of frontier malaria, and characterizes the framework required for 
the study of malaria risk in the Amazonian context. The next section presents 
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a thorough description of malaria risk profiles in one settlement area of the 
Amazon, utilizing an analytical framework that allows the use of multidiscipli-
nary information as well as the incorporation of spatial and temporal dimensions. 
Finally, we conclude with some remarks on policy implications of our findings 
with regard to malaria and to the continued opening of new settlements.

The Brazilian Amazon: an evolving ecosystem
As of 2007, almost 2500 agricultural settlement projects had been opened in the 
Brazilian Amazon (MDA/INCRA/DTI 2007) and varying in terms of available 
resources, average size of land, and soil quality. More recent projects contained 
smaller plots (30–40 ha on average, compared to the more than 100 ha plots of 
earlier projects) so that a larger number of people could be settled (Becker 1990). 
However, newer projects often had poorer soil quality, with most of the area 
demanding the use of fertilizers in order to become suitable for agricultural. 
Unfortunately, the vast majority of settlers could not afford fertilizers, machinery, 
or extra labor (Fearnside 1986), compromising the chances of successful crop 
production.

The negative impacts of these projects were equally varied, including land 
turnover, disease outbreaks, deforestation, and land concentration (Brondízio et 
al. 2002; Browder 2002; Wood and Porro 2002). Malaria outbreaks were one 
of the factors that led to turnover of settlers and contributed to land concentra-
tion (Sawyer and Sawyer 1987). Martine (1990) highlighted the fact that, in the 
early 1970s, some settlers would exchange their plots for medical treatment, a 
practice that made some of the first physicians that came to Rondônia state large 
landowners. Moreover, some migrants who did not succeed in obtaining land 
returned to their place of origin or kept moving to alternative locations in the 
Amazon, often serving as carriers of the malaria parasite and contributing to the 
spread of the disease.

Initially, the government did not consider pasture as an option for land use 
in settlement projects, since the forest provided varied ways for sustainable 
economic use (Wittern and Conceição 1982). Nevertheless, the 2006 Agrarian 
Census revealed that 19 percent of the area used for pasture in the country was 
located in the Amazon (IBGE 2009). Most importantly, however, is the fact that 
in 1970 this percentage was approximately 5 percent. The pasture area in three 
states of the Amazon region, namely Rondônia, Acre, and Pará, increased by 
3804, 1540, and 326 percent, respectively, between 1970 and 2006. Rondônia, in 
particular, witnessed intense government sponsored settlement efforts during the 
1980s and 1990s. However, land turnover for varied reasons (e.g., high malaria 
transmission, poor soil quality) resulted in land concentration (INCRA/CRUB/
UNB 1997), which was often connected with a change of land use to pasture 
(Sawyer and Sawyer 1987; Amaral 2007; Grego et al. 2007).

Regarding urbanization, the number of municipalities in the region more 
than doubled between 1970 and 2000, and the percentage of people living in 
urban areas shifted from 37 percent in 1970 to 69 percent in 2000 (IBGE 2009). 
Part of this growth was driven by unplanned occupations of peripheral areas, 
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which resulted in deforestation and alteration of watercourses (among other 
environmental modifications). This pattern of urban growth has been associ-
ated with increases in malaria incidence in Amazonian cities (Gonçalves and 
Alecrim 2004).

Much transformation was also brought about by infrastructure projects that 
resulted in population displacement, deforestation, illegal occupation, land spec-
ulation, and significant health burdens (Moran 1981; Martine 1982; Fearnside 
1989; Schmink and Wood 1992; Fearnside 1999; Nepstad et al. 2000; Fearnside 
and Laurance 2002; Fearnside 2005a). Despite changes initiated in 1981 in the 
Brazilian legislation, which culminated in the requirement that any infrastruc-
ture project should have an environmental impact assessment (EIA) and a plan 
documenting mitigation actions and compensation strategies (Machado 1995), 
much controversy still takes place with newly approved and planned projects 
(Agra Filho 1993; Ninio et al. 2008). The most recent examples include the 
approval of three dams in the Amazon (Jirau and Santo Antônio in Rondônia 
state, and Belo Monte in the state of Pará) that are expected to, among other 
impacts, result in severe environmental degradation, create heavy social disrup-
tions, and increase the transmission of malaria (Fearnside 2006; Rosa 2006; 
Katsuragawa et al. 2010).

Meanwhile, novel initiatives of sustainable forest management are being 
promoted locally through varied programs supported by the government or by 
community groups and non-governmental organizations. Of note is an innova-
tive sustainable land development strategy implemented in the state of Acre, 
which is based on a program of socio-environmentalism (Viana 2007).

Environmental change and malaria

Tropical rainforests provide good conditions for a diversity of insects, given the 
high temperature, humidity, and rainfall throughout most of the year. In the case 
of the main malaria vector in the Amazon, Anopheles darlingi, natural breeding 
places are often observed in the forest margins and near rivers and small streams, 
becoming more abundant at the beginning and end of the rainy season, which 
starts in October and ends in March (Tadei et al. 1998). Inside the undisturbed 
forest, however, the ideal conditions for An. darlingi are seldom found, since 
standing water is acidic and the partial shade favored by this species is absent. 
This natural equilibrium is often broken by human-made modifications that tend 
to contribute to an increase in the number of water habitats suitable for Anopheles 
breeding (Coimbra Jr. 1988).

A common agricultural practice in the Amazon is slash-and-burn. A poor 
clearing and burning process, however, can cause the obstruction of steams (a 
result of fallen trees that block the flow of water) and can leave the taller trees 
standing, providing the necessary partial shade for An. darlingi breeding. This 
often creates the forest fringe, a frontier between the forest and the property, 
where the risk of malaria transmission is very high. In the early years of occupa-
tion, settlers tend to live and work in close proximity to the forest fringe, since 
the initially cleared area is usually small. Houses are of poor quality and offer 
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little, if any, protection against mosquitoes (initially, houses are made of sawmill 
leftovers, palm thatch, cardboard, and plastic). In addition, the opening of roads 
often precedes human occupation and creates corridors that facilitate the spread 
of mosquitoes (Smith 1982; Sawyer 1992b). For a related discussion on develop-
ment as a contributing factor to infectious disease, see Chapter 9.

Transformations resulting from mining activities also have the potential to 
increase the risk of malaria transmission. The association between malaria inci-
dence and gold mining can be attributed to five major factors: (i) workers have 
very high mobility, facilitating the spread of the disease; (ii) lack of infrastruc-
ture in gold mines that leaves the workers without basic healthcare and appro-
priate housing; (iii) high exposure to malaria vectors due to intense work shifts, 
usually amounting to more than 12 hours a day; (iv) the nomadic characteristic of 
the activity itself – when the gold in the area is exhausted the area is abandoned, 
and gold miners move on to other areas, most of the time carrying malaria; and 
(v) most workers understand malaria as a disease that is inevitable, and do not 
adopt personal protection (Barbieri and Sawyer 1996).

Another important habitat transformation that can facilitate the spread of 
malaria in the Amazon is the process of extended urbanization (Monte-Mór 
1997, 2004). A few years after initial occupation, colonization areas expand in a 
process of extended urbanization that moves beyond cities and towns to encom-
pass villages, hamlets, proto-urban sites of various types, and rural areas such as 
modern farms and cattle ranches, and mining sites. Diverse urban–rural arrange-
ments produce integrated local micro-regions where mobile families and individ-
uals divide time and resources between localities on a regular and seasonal basis. 
Although allowing for further cooperation within and between communities, this 
process has often produced additional environmental changes and intense human 
mobility that may favor the spread of malaria.

Malaria transmission: a dynamic process
Understanding the dynamics of malaria transmission demands a systemic view 
that describes the relationships among human, vector, and parasite that occur in 
a specific environmental setting (Singer and Castro 2011). This understanding 
requires a multidisciplinary analytical approach, combining epidemiology, envi-
ronmental sciences, demography, anthropology, entomology, economics, poli-
tics, geography, hydrology, and molecular biology (Castro et al. 2006a).

The human component of the systemic view of malaria includes conditions 
that characterize individuals (e.g., their susceptibility to infection, their knowl-
edge, behavior, demographics, and ways through which they can transform the 
local environment) and the context in which individuals interact (e.g., political, 
social, and economic). The vector component includes characteristics that are 
crucial for choosing the ideal package of interventions to launch an integrated 
vector management program tuned to a given ecosystem (Beier et al. 2008) 
and for measuring local exposure to malaria infection (e.g., vector feeding and 
biting). The parasite component refers to issues that determine the effectiveness 
of drug-based intervention, and that indicate levels of disease severity. Finally, 
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the environment includes both the natural environment (e.g., climate, eleva-
tion, and hydrography) and the built environment (e.g., land use, sanitation, and 
housing quality). These components are not static but rather interact with each 
other, producing local unique profiles of the disease.

Frontier malaria

Frontier malaria is defined by a set of characteristics operating over time and at 
three spatial scales (Sawyer 1988, 1992a; Castro et al. 2006a). Initially, and at a 
micro/individual level, vector densities are high with little seasonal variation as a 
consequence of ecosystem transformations that promote An. darlingi larval habi-
tats (partial shade near the forest fringe and along river edges, and clear standing 
water of high pH; Charlwood 1980, 1996; Tadei et al. 1998). Human exposure is 
intense, reflecting limited knowledge of disease transmission mechanisms among 
settlers: An. darlingi has a bimodal biting pattern (Klein and Lima 1990), occur-
ring at dawn and dusk just when settlers are going to and returning from their 
agricultural fields. Plasmodium falciparum (the most lethal form) is the primary 
parasite augmented by limited abundance of P. vivax (often associated with high 
morbidity and low mortality) in the early stages of settlement. This pattern reverses 
as the settlement becomes more stable (Sawyer 1992b). Acquired immunity is low 
among new settlers (who mostly come from malaria-free areas). Housing quality 
is poor, thereby rendering indoor residual spraying ineffective. Curative health 
services are sparsely available, thus limiting anti-malarial drug distribution.

Second, at a community level, frontier malaria is characterized by weak insti-
tutions, minimal community cohesion, political marginality of settlers, and high 
rates of both in- and out-migration. Third, at a state and national level, fron-
tier malaria is characterized by unplanned development of new settlement areas 
(e.g., areas with poor soil quality), stimulated by agricultural failures at previous 
settlement localities and by a desire of people to avoid further malaria episodes. 
This process, however, only serves to promote further transmission.

Frontier malaria also follows a distinctive time path (Sawyer and Sawyer 1992; 
Castro 2002). At the opening of a settlement area, malaria transmission rises 
rapidly. After 6–8 years, the unstable human migration and the highly variable 
ecological transformations (driven by variation in land clearance practices and 
local ecology) is replaced by a more organized process of urbanization and devel-
opment of community cohesion. The final stage of frontier malaria is a gradual 
transition to more stable low levels of transmission.

The complexity of frontier malaria becomes even more evident if we consider 
distinct types of settlement that have occurred in the Amazon, as proposed by 
Sawyer (1988) and summarized in Table 7.1. Although this is not an exhaustive 
list, it highlights the heterogeneity that has been observed regarding the poten-
tial for malaria transmission between different types of human settlement in the 
Amazon. Also, each type of settlement is associated with substantial internal 
variation in the risk of malaria transmission, thereby adding to the complexity 
of frontier malaria. Moreover, the close proximity between different types of 
settlement can alter the expected pattern of malaria (e.g., indigenous areas may 
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observe outbreaks of malaria due to gold mining activities nearby). Although the 
broad characteristics of frontier malaria apply to each type of settlement where 
transmission is observed, detailed aspects of the dynamics of malaria depend on 
how different elements of the malaria system interact in each location.

Table 7.1	 Types of human settlement in the Brazilian Amazon

Type of settlement Characteristics

I  Rural
A.  Extractive
  1  Rubber estates Currently, these areas have low population density, low human 

mobility, and high levels of acquired immunity among adults. 
  2  Open mining Miners come and go freely, without any systematic control of the 

government. They often lack proper housing, clothing, and overall 
infrastructure. These areas frequently register very high malaria 
prevalence, and it is extremely hard to control the disease.

  3  Closed mining Miners are under strict control of the government. Despite the 
potential for high malaria transmission, disease control is easier.

B. Agricultural
  4  Old colonization Following the proposed time path of frontier malaria, old 

colonization areas have lower transmission, and good 
opportunities for effective control since better infrastructure is 
in place, housing improved, and deforestation is less intense.

  5  New colonization While the context in which the project is implemented can have 
an impact on the pattern of malaria transmission, the majority 
of new colonization areas observed outbreaks of malaria. In this 
chapter we detail the dynamics in one of such areas.

  6  Old ranching Areas where most forest cover was removed, with very little 
population density, and therefore very low malaria prevalence.

  7  New ranching Implies heavy forest clearing and large number of temporary 
workers highly exposed to the risk of malaria infection.

II  Urban
A.  New isolated area
  8  Spontaneous town Following the concept of extended urbanization, these areas are 

exposed to high human mobility (rural–urban), and can be in 
close proximity to the forest.

  9  Company town Organized small towns or camps, under strict control of public 
or private companies.

10  Peri urban area Sprawling suburbs, often nearby breeding habitats, but with 
easier access to medical services.

B.  Old area
11  Old town Often have very little or no malaria. 

III  Indigenous
12  Indigenous area Impacted by activities happening in the vicinity of the area 

(e.g., farming, ranching, and mining), and therefore under the 
risk of malaria outbreaks.

Source: Adapted from Sawyer (1988)



Frontier malaria in the Brazilian Amazon  125

In the next section we focus on one of these types of settlement, a colonization 
project, and detail the variations in malaria risk locally and temporally.

Framework of frontier malaria transmission

The defining characteristics of frontier malaria comprise a framework for 
understanding transmission, which has three important features: it is spatial, 
it is temporal, and it is multidisciplinary. The framework recognizes that, in a 
constantly changing ecosystem such as the Amazon, malaria transmission does 
not depend solely on any one of environmental changes, personal behavior, 
migratory patterns, or the biology of mosquitoes and parasites. It depends on a 
complex interplay of factors, and the context in which each of them are operating.

The framework was empirically assessed using data from the Machadinho 
settlement project, located in the western Amazon (Singer and Castro 2001; 
Castro 2002). Started in late 1984, Machadinho had an original and carefully 
planned plot design in which the shape of the plots was irregular, following the 
course of rivers and streams, so that every plot would have a natural source of 
water in its back. The average plot size was approximately 40 ha. Roads were 
planned in such a way that during the rainy season the increased water volume of 
rivers and streams would not leave them impassable. Areas with very irregular 
elevation were assigned as protected forest reserves. With regard to malaria, an 
outbreak was soon observed, following the arrival of the first settlers in late 1984. 
In 1985, the Annual Parasite Index (API; the number of positive blood slides per 
total population per year) reached 3400 positive slides per thousand people, 65.7 
percent of the population had malaria at least once, and this number jumped to 
90.1 percent in the next year. Also in 1986, 55.9 percent of people had malaria 
episodes during more than five months of the year (Sawyer 1986; Sydenstricker 
1992). By 1995, following the consolidation of the settlement project, however, 
the API had been reduced, corroborating the proposed temporal pattern of fron-
tier malaria (Sawyer and Sawyer 1992; Castro et al. 2006a).

Four field surveys were conducted in Machadinho from the inception of the 
project and covered a period of ten years (1985, 1986, 1987, and 1995). Issues 
investigated in these surveys included a variety of topics ranging from demo-
graphics, personal behavior, socio-economic characteristics, and local envi-
ronmental conditions. In addition, all data were georeferenced to the plot level. 
Therefore, these data facilitated empirical evaluation of frontier malaria, consid-
ering its spatial, temporal, and multidisciplinary features.

Malaria risk profiles in the Brazilian Amazon
Based on variables collected during the surveys conducted in Machadinho, 
distinct malaria risk profiles were constructed by conditions observed in two 
broad domains: environmental and behavioral/economic. Within the environ-
mental domain, three sets of conditions were defined by survey variables that 
reflect exposure to An. darlingi larval habitats and/or adult mosquito biting 
preferences:
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•	 housing/plot characteristics (e.g., soil quality, elevation, quality of roof and 
walls, effectiveness of house sealing, source of water, type of bathroom, 
distance to the hospital, and road quality);

•	 proximity to features of importance for exposure (e.g., distance to the nearest 
forest, distance to the forest fringe, distance to a culvert, distance to the main 
river and to smaller streams, distance to the nearest neighbor, and distance to 
bodies of temporary water); and

•	 land transformation (e.g., crop area planted, pasture area, cleared area, and 
type of crop—coffee, cocoa, rubber tree, etc.).

Within the behavioral/economic domain, three sets of conditions were defined by 
survey variables that describe the capacity of individuals to protect themselves, 
and behaviors that may put them at more or less risk for acquiring malaria:

•	 demographics (e.g., education of the household head, education of the house-
hold head’s spouse, occupation, number of people in the house, and status of 
family members, i.e. living in Machadinho or not);

•	 migratory history, use of protective measures, and malaria knowledge (e.g., 
place of origin and time of arrival at the settlement program, time of arrival 
in the Amazon region and in Rondônia, region of residence in the 12 months 
before moving to Machadinho, use of insecticides, house spraying with 
DDT, belief that government should spray houses with DDT, use of repel-
lent, use of herbs to treat malaria, belief that malaria is transmitted by dirty 
water, knowledge that malaria is transmitted by a mosquito, and member-
ship to a community association); and

•	 economics (e.g., ownership of a chainsaw and/or a planter, number of house-
hold goods owned, settler is the first owner of the plot, household owns 
chickens and/or pork, and received a bank loan for agriculture, pasture, or 
equipment purchase).

Knowledge on the vector and the parasite (Giglioli 1956; Tauil et al. 1985; Tadei 
1991; Charlwood 1996; Consoli and Oliveira 1998; Tadei et al. 1998) was used to 
select conditions for the environmental and human components that directly or 
indirectly could impact or be impacted by vector and parasite characteristics. Also, 
the spatial dimension was incorporated through the identification of subareas in 
Machadinho that were homogenous regarding the spatial distribution of malaria 
(Castro et al. 2006a, b). A total of 15 subareas were considered over four periods 
of time and using 46–63 categorical variables representing 160–213 conditions 
included in the two domains described above (the number of variables and condi-
tions varied by time period due to slight changes in the survey questionnaire).

Profiles of low and high malaria risk

Identification and description of high and low malaria risk profiles in a hetero-
geneous landscape (such as Machadinho), where no combination of conditions 
occurred at particularly high frequency, were facilitated through the use of grade 
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of membership (GoM) models (Singer 1989; Castro et al. 2006a). A total of 120 
malaria risk profiles were obtained: 15 subareas, each over four periods of time 
for two levels of risk (high and low). As an example, Table 7.2 shows the profile 
description of high and low malaria risk for one subarea in Machadinho in 1986 
(Castro 2002).

Interpretation of the profiles was facilitated by ethnographic information 
collected through personal observation (R.L. Monte-Mór, personal commu-
nication, 2000) and by focus groups with worker’s unions and community 
associations (Castro et al. 2006a). Based on the results of the GoM analysis, 
two scenarios were identified. The first described the initial three years of the 
settlement project. At that time there was less diversity in terms of social and 
economic aspects. The settlers were basically poor, had no resources to improve 
the quality of the soil or to carry out mechanized agricultural production, had no 
immunity against malaria, and lacked basic knowledge regarding malaria risk 
factors. At the same time, there were large differences in malaria transmission, 
and traditional control measures were not effective. Under that scenario, profiles 
of low and high malaria risk in 1985, 1986, and 1987 were mostly determined 
by conditions related to the natural and human-made environment. The most 
important conditions at that time were the quality of and characteristics near the 
house, including distance to the forest and to sources of water, cleared, planted 

Table 7.2	 Description of high and low malaria risk profile in subarea 4, Machadinho, 
1986

High malaria risk Low malaria risk

The settler was not working one year 
before he or she came to Machadinho, 
arrived in Machadinho in 1986, and the 
region of residence one year before he 
or she came to Machadinho was either 
south or center-west. The house has poor 
quality walls and roof, has only one or 
two rooms, and is located in an area with 
low elevation. The household owns less 
than five goods, and lacks a chainsaw. 
The distance to the nearest neighbor is 
greater than 1 km. The cleared area in the 
plot is smaller than 16 ha, no major crops 
are cultivated, and the settler does not 
have chickens and pigs in the plot.

The settler was engaged in rural activities 
one year before he or she came to 
Machadinho, and the region of residence one 
year before he or she came to Machadinho 
was North. The household owns more than 
five goods, including a planter. The distance 
from to the house to the health post in the 
urban area is less than 20 km. The plot is 
not within a zone of 900 meters from a 
protected forest reserve, and there is no 
source of permanent water near the house. 
The planted area in the plot is between 16 
and 45 ha, and different crops are cultivated. 
The settler has chickens and pigs in the plot, 
and the house was sprayed with DDT.

Note: Subarea 4 had the highest malaria rate among all subareas defined in 1986: 43.8 percent. 
Description of malaria risk profiles obtained through GoM modeling. The model is specified by 
extreme profiles (here defined as low and high malaria risk), and each individual observation is as-
signed a grade of membership score. These scores are a quantitative measure of the degree of simi-
larity of the individual to each of the profiles. In addition, the model estimates the probability that 
conditions (categories) of each variable will occur in a certain profile. These estimated probabilities 
are compared against the marginal distribution of each condition in order to define which conditions 
are significant in each profile (Singer 1989; Castro et al. 2006a).
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and pasture area, bathing place, topography, distance to the nearest neighbor, 
and the existence of alternative sources of blood meals for mosquitoes (chickens 
and pigs).

The second scenario described the situation at later stages of the settlement 
project, here represented by the 1995 data. At that time, settlers were more 
diverse in terms of social and economic aspects. Some improved their education, 
knowledge about the disease, and financial resources. Others were newcomers 
to the area and faced the same adverse conditions observed in the early years of 
occupation. Despite this diversity, malaria was more homogenous in space, and 
occurred at much lower levels than in the first years. Conditions related to the 
human-made environment were still contributing to the definitions of low and 
high-risk profiles, although personal characteristics started to contribute consist-
ently to these definitions.

In summary, while both environmental and behavioral/personal domains 
were important in describing the mechanisms of frontier malaria transmission in 
Machadinho, their relative importance depended on time and varied across space. 
These trends have direct implications for selecting and targeting malaria control 
interventions. One of the great advantages of GoM models for the purpose of 
this analysis is that by characterizing the conditions of the groups of people who 
effectively avoid malaria, but also of those who consistently become infected, it 
is possible to observe that the conditions that characterize high risk are not the 
exact opposite of those that describe low risk, and that evidence facilitates policy 
making that combines a description of situations to avoid and others to adopt, 
with the aim of minimizing the risk of transmission.

Profile changes over time and space

Results of the GoM analysis highlighted important differences in malaria risk 
profiles over time and space. First, each one of the 120 profiles of high and low 
malaria risk was unique. This finding reflects how dynamic and complex the 
process of frontier malaria transmission is, thereby highlighting the need to 
devise combinations of control interventions targeted locally and temporally. 

Second, some conditions were significant contributing factors for either high or 
low risk, depending on the area and on the time period in question. For example, 
in 1985 settlers that did not use medicinal plants to treat malaria were better off 
than those who did; but in 1995 this same condition contributed to higher malaria 
risk. It could be the case that available medicinal plants could only be effective 
under less intense transmission and possibly with changed immunological condi-
tions of settlers. Less intense transmission is, in turn, linked to environmental 
risk factors, such as the proximity of the house to the forest and the quality of the 
house. Moreover, in the first year of the settlement it is not expected that settlers 
could have had the chance to get acquainted with local knowledge, depending 
much more on the use of drugs for treatment. Another example is the effect of 
owning a chainsaw. In areas with low malaria rates which have reached a certain 
level of stability, lacking a chainsaw was a contributing condition to low risk. 
This finding suggested that settlers did not work in the clearing process outside 
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their plots, an activity that could increase their exposure to the disease. However, 
lacking a chainsaw in areas with higher malaria rates was a condition defining a 
high-risk profile. The absence of a chainsaw here frequently implied association 
with a poor land-clearing process in the plot, which in turn is linked to prolifera-
tion of breeding habitats and increased vector density. The distance to the nearest 
neighbor also showed changing effects over time. In 1985, when most plots had 
a very low cleared area and faced similar environmental risks, having neighbors 
only at distances greater than 2 km was a condition defining a low malaria risk. In 
this case, settlers were protected by staying isolated. In 1986, when malaria was 
extremely high in Machadinho, very short distances were contributing factors to 
low malaria risk, possibly reflecting the support provided in the event of an emer-
gency. In the following years, distances between 1 and 2 km were associated with 
high malaria risk, but some subareas did not have this condition as a contributing 
factor for the definition of profiles. This trend is likely to be related to the amount 
of cleared area in the neighboring plot.

Conclusions
Malaria is a complex disease. Proper understanding of its transmission depends 
on factors driven by its social, political, environmental, behavioral, economic, 
biological, and epidemiological dimensions. Most importantly, it depends on how 
each dimension interacts with and modifies the others. Also, the dynamics vary 
spatially and temporally, as exemplified by the analysis of frontier malaria trans-
mission in human settlements presented in this chapter. As a result, attempts to 
effectively control malaria in these settings are equally complex. Depending on 
where the settlement is located, how old it is, and the specific social context, a 
factor that a priori might be considered as a condition determining a high risk 
of malaria may in fact be conducive to low risk. Therefore, interventions need 
to be targeted and developed according to local and temporal vulnerabilities. 
Implementing targeted interventions in the entire Amazon region is far from 
trivial. It demands intersectoral collaboration (Singer and Castro 2007), local 
coordination, capacity-building, multidisciplinary research to generate evidence, 
and a strong political will that facilitates not only sustainable health interventions 
but also a development policy that protects, respects, and therefore promotes 
rational use and growth of the region.

Although much information has been compiled in the recent past, proper 
knowledge of the conditions that characterize groups more vulnerable to malaria 
in different types of settlement in the Amazon is not always available. In this 
chapter we have proposed a framework for the study of frontier malaria, and a 
methodological approach that allows the description of risk profiles based on 
survey variables. The methodology has the advantage of indicating the degree to 
which each individual in the sample belongs to a profile, with the flexibility of 
allowing individuals to share characteristics of more than one profile.

Our analysis focused on one type of human settlement. It is expected that profiles 
of frontier malaria risk would present variations between settlement types (Table 
7.1), but also within the same type (as exemplified by the Machadinho case). Yet, 
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our results for Machadinho shed light on the processes observed in other old and 
new colonization projects (Table 7.1, types B4 and B5) in the Brazilian Amazon. 
It provides a starting point for improved control strategies in existing projects, 
and offers varied recommendations on how to proper plan new ones. While the 
concept of frontier malaria cannot be generalized to other regions in the world 
where malaria is endemic (just as fringe malaria only applies to Africa), the 
multidisciplinary framework and the methodological approach proposed in this 
chapter could be applied to any other settlement type, and to other areas where 
malaria is endemic, upon the availability of data.

Currently, new settlements continue to be opened in the Amazon, many of 
them as part of planned agrarian reform initiatives (Sparovek 2003). In 2001 new 
legislation was approved demanding the issuing of licenses for the establishment 
of new settlement projects in the country, including an evaluation of the suscep-
tibility of the area for malaria transmission if the settlement is located in the 
Amazon region. But the implementation of the law has been far from ideal, and 
less than 10 percent of all settlement projects implemented in Brazil (more than 
7000) have the required licenses (Araújo 2006).

Our results indicate feasible strategies that could be employed to mitigate 
malaria transmission in newly opened settlement, such as: 

1	 match the soil composition and agricultural potential of plots to the capacity 
of settlers for farming (based on their past experience) at the time plots are 
allocated; 

2	 encourage rapid initial clearance of land for agriculture, and the construc-
tion of houses that offer protection against mosquitoes; 

3	 make available an effective agricultural extension service to provide tech-
nical support to settlers; and 

4	 install health clinic facilities in parallel with opening of the settlement area. 

Items (1) and (3) contribute to effective farming, while item (2) is a preventive 
measure that minimizes the exposure time of new settlers to An. darlingi habitats 
upon initial arrival at the settlement site. Finally, item (4) provides a basis for 
effective diagnosis and treatment of malaria, as well as for promotion of health 
education, emphasizing preventive measures throughout the settlement area 
(Castro et al. 2006a).

In addition to current challenges in controlling frontier malaria in the Amazon, 
three issues are likely to add further complexity to the task (Castro and Singer, 
2011). First, natives and long-term residents who were continually exposed to 
malaria are likely to be asymptomatic. They are unlikely to search for healthcare, 
but they are able to infect mosquitoes (Alves et al. 2005). Asymptomatics can 
act as reservoirs of malaria, facilitating the spread of the disease to non-immune 
populations (Coura et al. 2006), and potentially contributing to sustained levels 
of transmission (Macauley 2005). The prevalence of asymptomatic infections 
in the Amazon, and its spatial distribution, is largely unknown. Second, large-
scale development and integration plans (e.g., dams, roads, and hydroways) will 
likely bring about further changes to the social and environmental landscapes 
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of the region (IDB 2006), with important health consequences. Third, the 
Amazon’s fragile ecosystem can be significantly impacted by extreme climatic 
events, resulting in drought, flooding, excessive heat, climate-driven population 
displacement, reduced crop production, and threatened water and food security, 
all of which impact individuals’ vulnerability to infections including malaria.

In summary, the social, economic, political, and environmental dynamics of 
frontier malaria can contribute to increase inequality among settlers. On the one 
hand, those that have limited financial and technical resources can become worse 
off, abandoning their land or exchanging it for medical care (as was observed 
in Rondônia in the early 1970s). On the other hand, those that have better 
resources are more likely to succeed, improving even more their conditions. The 
complexity and dynamics of frontier malaria transmission, exemplified in this 
chapter by the Machadinho case, suggests that a region-wide uniform control 
strategy may only reduce transmission up to a point, after which combinations 
of interventions that consider local and temporal idiosyncrasies will be needed. 
The analytical approach used in this chapter facilitates the identification of these 
idiosyncrasies, and provide evidence for the design of locally and temporally 
targeted interventions.
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8	 Vaccines, fertility, and power
The political ecology of indigenous 
health and well-being in lowland 
Latin America

Kendra McSweeney and Zoe Pearson

Introduction
By most measures, the health of indigenous peoples1 in Latin America’s lowlands 
is terrible. These small ethnic groups of rarely more than 50,000 individuals, 
and commonly fewer than 5000, live in or near some of the world’s last resource 
frontiers, including the Amazon and Orinoco basins, the Pacific lowlands of the 
Andes, and the Caribbean littoral. For the past half-century, if not much longer, 
they have faced a “perfect storm” of epidemiological misery (Coimbra and Santos 
2000, 2004). Land-invading colonists bring new diseases (such as dengue and 
whooping cough), and mining and dam-building create ideal environments for 
malaria and schistosomiasis vectors (Souza-Santos et al. 2008; Gracey and King 
2009). Loss of land and resources intensifies diseases associated with crowding, 
rapid dietary change, and food insecurity, such as tuberculosis, diarrheal infec-
tion, pneumonia, and parasitic infection (Hames and Kuzara 2004; Raich 2004; 
Coimbra and Basta 2007). Moreover, distance, poverty, discrimination, and 
government apathy contribute to appalling health service delivery (Nawaz et al. 
2001; Gracey and King 2009).

Women and children suffer particularly (Ribas et al. 2001; Coimbra and Garnelo 
2003; Arps 2009; Gracey and King 2009). Maternal morbidity and mortality rates 
for indigenous societies are among the highest in the world, many times more 
than for non-native women in respective nations (PAHO 2004a; Montenegro and 
Stephens 2006; Gracey and King 2009). Mortality rates for indigenous infants 
are routinely higher than for non-indigenous babies (Montenegro and Stephens 
2006). Depressingly, these estimates are probably conservative, as very little is 
known about the health and demography of indigenous populations, or about the 
effectiveness of existing health programs (Ribas et al. 2001; Hurtado et al. 2005; 
Montenegro and Stephens 2006; Goicolea et al. 2008; Gracey and King 2009).

Given that this volume is dedicated to socio-political and ecological dimensions 
of human health, readers will quickly recognize that the health of lowland natives 
in Latin America is inextricably tied up with cultural and ecological devastation, 
and the violent and ongoing usurpation of indigenous lands and labor (Salzano 
and Hurtado 2004; Montenegro and Stephens 2006). Indeed, indigenous peoples 
of the New World arguably offer one of the most straightforward examples of the 
ways in which disease ecologies can only be fully understood in the context of 
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social groups’ subjugation by colonial and capitalist political economic forma-
tions. But is this the only way to think about how health, ecologies, and power 
come together in Latin America’s lowland resource frontiers? Might it be possible 
to recognize the agency and resilience of native societies in the context of health 
and ecological change? Could, for example, a closer look at health lead to clearer 
insights on indigenous peoples’ ongoing resistance to their social and ecological 
marginalization?

This chapter argues that, yes, attention to health can contribute important 
insights into the nature of individual and collective struggles for access to land 
and resources, and to the reverse. In the process, we contribute to and extend 
“political ecologies of health” scholarship (King 2010) by considering the rela-
tively under-explored ways in which health can be mobilized as a tool of resist-
ance to shape socio-political and environmental outcomes. Additionally, our case 
studies contribute to an understanding of health as fundamentally “biosocial” 
(Mansfield 2008; Mansfield 2011), demonstrating how health is always simulta-
neously social, political, environmental, and biological.

We draw from our own and others’ work with native populations in lowland 
Central and South America to focus on two indigenous health issues in particular: 
maternal morbidity and childhood vaccination rates. We show how the health of 
indigenous mothers and children is profoundly tied up with the struggle over 
indigenous lands and resources, and also in ways that challenge conventional 
narratives about indigenous epidemiological and ecological vulnerabilities. The 
case studies also reveal how the links between health, power, and ecology are 
multidirectional; specifically, that considerations of indigenous health are incom-
plete without attention to political–ecological struggles, and, in turn, that the 
nature of those political–ecological struggles is better understood by attention to 
the health of the individuals and communities that are engaged in them.

Background: indigenous health and political mobilization in 
lowland Latin America
The epidemiological history of indigenous peoples in the Americas is well 
known. With little immunity to so-called “Old World” diseases (including 
smallpox, measles, yellow fever, malaria, pneumonia, influenza, and more), 
indigenous populations following first contact (whether in the sixteenth or the 
twentieth century) often experienced mortality rates up to an unimaginable 90 
percent (Denevan 1992; Montenegro and Stephens 2006). Today, many of these 
diseases continue to present acutely, even among indigenous populations with 
long histories of contact (Escobar et al. 2004). Fatality rates typically exceed 
those of the non-indigenous rural poor (Coimbra and Basta 2007). Moreover, 
indigenous peoples’ relative nutritional reliance on their immediate environment 
means they can be disproportionately exposed to contaminants such as lead or 
mercury (e.g., Witzig and Ascencios 1999; Raich 2004).

Indigenous peoples, of course, have not been passive in the face of these 
attacks on their lives, lands, and livelihoods. Since the 1960s, indigenous peoples 
across Amazonia and Central America have been organizing politically. The 
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Shuar Federation in Ecuador was one of the earliest, forming in 1964 in response 
to mestizo colonization (Federación Shuar 1976; Rubenstein 2001). They and 
other lowland indigenous organizations played a crucial early role in a process of 
political resurgence that, by the late 1980s, had united upland and lowland organ-
izations and become a pan-ethnic and pan-hemispheric indigenous movement 
(Perreault 2001;Yashar 2005; Wilson 2010). International conservation groups 
concerned with the fate of neotropical diversity were early and important allies 
of the movement (Conklin and Graham 1995; Zimmerman et al. 2001).

The achievements of the indigenous movement have been significant, particu-
larly in the last two decades. They include: (i) the homologation of often massive 
territories to native control, such as the 34 million ha that Colombia set aside for 
indigenous communities (Velasco 2011); (ii) constitutional reforms that recognize 
the rights of indigenous peoples (Martí i Puig 2010), particularly over the govern-
ance of their lands and educational and health programs; (iii) the 2007 adoption 
of the United Nations (UN) Declaration on the Rights of Indigenous Peoples, 
which asserts their right to improve and administer health programs (United 
Nations 2008); and (iv) multiple electoral successes, including the historic 2008 
inauguration of indigenous President Evo Morales in Bolivia (Morales 2011).

Many of these successes, however, have been tempered by ongoing chal-
lenges. Seemingly emancipatory constitutional provisions, for example, may 
actually constrain or distort autonomous projects (Rosengren 2003; Hale 2005). 
Further, land reforms have been stalled or reversed by slow implementation and 
ever-changing political–economic configurations around indigenous territories 
(Kennedy and Perz 2000; Stocks 2005). For example, Brazil’s economic ascend-
ance throughout the 2000s has allowed it to self-finance a host of new energy and 
transportation projects in the Amazon basin, with massive impacts on indige-
nous lands (Tollefson 2011). The Colombian government, meanwhile, has stalled 
and backtracked in its indigenous land-titling program (Velasco 2011). Peru, in 
turn, while acknowledging indigenous land title to 13.5 percent of the Peruvian 
Amazon, had as of 2009 leased 41.2 percent of the same area for oil and gas 
development (Orta-Martínez and Finer 2010). Many observers are now describing 
the current era as a distinctly new phase of intensified resource extraction and 
land dispossession in Latin America (Morales 2009; Renfrew 2011). As a result, 
indigenous political and spiritual leaders are increasingly targeted by paramili-
taries and landowning elites, often in collusion with drug cartels exploiting the 
trafficking potential of remote indigenous territories (Chomsky 2005; Fearnside 
2008; BBC News 2011; Carroll 2011; Collyns 2011).

At the same time, indigenous organizations’ once-vital alliances with the 
powerful conservation lobby have soured around native claims of neocolonialism 
(Chapin 2004; Lauer 2005). Conservationists, in turn, complain that erstwhile 
“forest stewards” are not living up to conservationists’ image of them—as, for 
example, when they wander from “fixed” territories, hunt too much game, or, 
perhaps most vexingly, have too many babies (see, e.g., Holt 2005; McSweeney 
2005; McSweeney and Pearson 2009).

To be sure, indigenous families across lowland Latin America are unusually 
large, due especially to unusually high fertility rates among indigenous women. 
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Across ethnic groups, total fertility rates in excess of 6 are the norm, and within 
specific groups, total fertility rates of 8 are common. Both are significantly 
higher than neighboring non-indigenous populations (Kennedy and Perz 2000; 
McSweeney and Arps 2005a, b). In fact, indigenous populations living across 
Latin America’s lowlands typically have more in common demographically with 
each other than with non-indigenous populations within their respective coun-
tries (McSweeney and Arps 2005a). This high fertility combines with declining 
mortality rates to accelerate the growth rate of indigenous populations. As a 
result, the majority are characteristically young, with as much as half the popula-
tion under age 15 (McSweeney and Arps 2005a; Pagliaro et al. 2005).

Population expansion has characterized indigenous demographic trends in 
lowland Latin America since at least the 1980s. But the process was widely over-
looked until the results of the 2000 round of national censuses became available 
(Perz et al. 2008). Policy observers have tended to view the rapid growth with 
alarm, concerned about the pressures that young populations create on already 
over-stretched social services (United Nations 2009), while conservationists 
worry about the implications of population growth for biodiversity (for reviews 
see McSweeney 2005; Oldham 2006). Meanwhile, a minority of observers, 
particularly Brazilian scholars, have suggested a different view that accounts 
for the historical and political context of demographic expansion. They point out 
that the growth of indigenous populations across Latin America’s lowlands can 
be read as a happy reversal of 500 years of catastrophic demographic decline 
(Gomes 2000; Penna 1984). Viewed in terms of population size and structure, 
they note that indigenous peoples are more demographically robust than they 
have been for centuries. Further, they point to ways in which population growth, 
cultural revitalization, and political resurgence have been mutually dependent 
(Gomes 2000; Kennedy and Perz 2000; Pagliaro et al. 2005).

In what follows, we consider these unorthodox observations in the context 
of two of the most pressing health issues faced by indigenous populations in 
lowland Latin America: maternal morbidity and the uneven vaccination and 
immunization of indigenous children. In the process, we show how population 
size, family size, maternal and child health, indigenous political mobilization, 
and ecological change are related in surprising ways that raise new questions for 
political ecologies of health research.

Health as contested terrain in lowland Latin America

Maternal morbidity and mortality

Gracey and King (2009) review the multiple risks that indigenous mothers face, 
including under-nutrition during pregnancy, anemia caused by nutrient deficien-
cies and underlying disease (e.g., malaria), deficiencies in other nutrients, high 
rates of urinary tract infections, gestational diabetes, and “scant human, clin-
ical and laboratory resources for safe pregnancy, delivery, and postnatal care” 
(Gracey and King 2009: 67). Compounding these risks are the barriers faced by 
mothers seeking care. Multiple studies show that even when indigenous women 
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reach a health clinic or hospital, they receive culturally insensitive and degrading 
treatment, if they are seen at all (see for example Paulson 2000; Azevedo 2003; 
Arps 2009). All of these factors contribute to the exceptionally high rates of sick-
ness and death reported for indigenous mothers or inferred from demographic 
evidence of missing women (e.g., Azevedo 2003; UNICEF 2007).

Multiple programs have sought to address the problem, including initiatives 
within the Pan American Health Organization’s “Health of Indigenous Peoples 
in the America’s program” (2003–2007), but achievements have been elusive 
(Hughes 2004; Goicolea et al. 2008). We argue below that the lack of progress 
may be partially explained by programmatic misunderstandings of the logic 
behind indigenous women’s reproductive health decisions, particularly regarding 
the size of their families.

High parity as pathology

Many health interventions that target indigenous women focus on fertility reduc-
tion. In addition to providing modern contraceptives, efforts also include support 
for initiatives that keep indigenous teen girls in school longer, which is seen 
to have the dual effect of delaying the age of first birth and ultimately raising 
maternal education levels overall (McKinley 2003; Goicolea et al. 2008; Gracey 
and King 2009). These initiatives are grounded in the assumption that most 
indigenous women desire smaller families but lack the means to achieve them. 
Key support for this logic comes from large-scale surveys of rural populations, 
during which indigenous women themselves say that they want fewer children 
than they already have or are likely to have, indicative of an “unmet need” for 
contraception (CEPAR 2004; Goicolea et al. 2008; Bremner et al. 2009).

There is no question that pregnancy is particularly risky for young first-
time mothers and for high-parity older mothers; lowland indigenous popula-
tions hold relatively large numbers of both. But the focus of reproductive health 
programs on the number of children that indigenous women have reflects more 
than biomedical science; it also reflects an ideological commitment to seeing 
birth rates through the dominant modernist lens of demographic transition (and 
related neo-Malthusian concerns; see McKinley 2003). This is conveyed when 
high parity is understood in terms of incomplete or failed socio-economic devel-
opment among indigenous populations (Hughes 2004; Kramer and Greaves 
2007). Indigenous women have many children, the orthodoxy goes, because they 
lack what more developed, low-parity women have, particularly with respect to 
education and income (see, e.g., Hughes 2004). Further, their ongoing transi-
tion from “traditional” to “modern” means indigenous women are caught in a 
particularly unstable acculturation phase in which standard methods for fertility 
control (e.g., polygynous marital arrangements, the use of herbal contraceptives 
and abortifacients) are lost before modern ones can be effectively adopted (e.g., 
Hern 1992; see McSweeney 2005). As a result, indigenous women may want, but 
cannot on their own achieve, smaller families.

Ultimately, then, reproductive health programs in indigenous areas tend 
to approach the care of indigenous mothers based on the premise that repeat 
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motherhood is itself pathological, at least under the conditions that indigenous 
women achieve it. In other words, women are primarily sick because they are 
having yet another child. Once women cease to be so persistently pregnant, the 
logic goes, improved health will result (see, e.g., Hughes 2004).

High parity as healthful

But what if we suspend, for a moment, the assumption that high parity is itself 
bad for indigenous women’s health? Clearly, women’s fertility and their health are 
inseparable, but must they necessarily be in opposition? Is there an alternative 
to the socio-economic lenses through which reproductive health is convention-
ally understood? Could women’s high fertility, for example, actually contribute 
in some substantive way to improved health? As heretical as it might seem, 
this is a possibility that has been suggested repeatedly, if not universally, by 
research conducted with multiple different indigenous Amazonian and lowland 
societies in Latin America. These studies are typically conducted by anthro-
pologists or microdemographers using immersive ethnographic methods rather 
than large-scale surveys. Thus, indigenous reproductive behaviors are assessed 
in their particular historic and political contexts; emic explanations for health 
and reproductive behaviors are emphasized, and women’s views are often privi-
leged (Pagliaro et al. 2008). Finally, in keeping with indigenous epistemologies 
of health throughout Amazonia, many studies consider individual health in terms 
of the family, the community, and population or ethnic group health (Levin and 
Browner 2005; King et al. 2009). As Azevedo (2003: 178) states, “All events that 
occur during the reproductive life of women are immediately inscribed within 
the totality of her social–cultural–environmental context” (our translation). 

Taken together, these studies set out a series of propositions that offer new 
ways to interpret indigenous mothers’ health. Most significantly, researchers 
have found that both indigenous men and women often talk about family size 
and high fertility not in terms of women’s health but in terms of collective (kin 
group, village, faction, ethnic group) health (e.g., Browner 2000). Specifically, 
in two respects high fertility is explicitly understood to be an important mecha-
nism for achieving specific group goals regarding ethno-cultural continuity and 
population size. First, high fertility is related to the survival and long-term health 
of the group. Not surprisingly, small ethnic groups with a collective memory of 
recent and harrowing population losses seem particularly keen to regrow their 
populations (see Flowers 1994; Hern 1994; Price 1994; Pagliaro and Junquiera 
2005). In such cases, collective optimism about the group’s future, particularly 
with respect to available land and resources, seems to be essential to the process. 
This inspires couples’ willingness to bear and raise multiple children, which in 
turn fuels optimism about group survival in place (see also McSweeney and Arps 
2005a; Pagliaro et al. 2005).

Second, high fertility is considered in terms of political strategies around 
defending and securing access to land and resources—i.e., the survival 
and well-being of the group in the face of external threats, particularly from 
mestizos invading group lands (Browner 2000; Azevedo 2003; Radcliffe and 
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Pequeño  2010; see also McSweeney and Arps 2005a; Pagliaro et al. 2005). 
Brazilian demographer Túlio Penna (1984: 1576) referred to this demographic 
strategy for land occupation as a “Reconquista” by indigenous Amazonians. That 
large families are perceived to be one vital strategy for filling up, patrolling, and 
otherwise defending homelands is understandable given persistent claims by the 
dominant culture that indigenous peoples want “too much for too few” (Stocks 
2005; see also Kennedy and Perz 2000).

Importantly, these reproductive strategies for territorial occupation and 
defense appear to work, with positive ecological effects. For example, satellite 
imagery reveals that densely populated indigenous reserves remain forested 
oases compared with the thinly populated settler-dominated landscapes around 
them (Nepstad et al. 2006; Stocks et al. 2007).

A significant body of research, then, is offering compelling historical, polit-
ical, and ecological reasons for indigenous societies to be strongly pronatalist: 
intentional in their pursuit of large families. This is no post-hoc explanation: 
studies also shed light on the specific mechanisms by which indigenous men and 
women consciously adjust their nuptial and reproductive behaviors in deliberate 
pursuit of collective population goals. These include the cessation of infanticide 
or a reduction in the use of abortifacients (Meireles 1988; Hern 1994), and the 
deliberate loosening of customs restricting exogamy and age of marriage (e.g., 
Pagliaro et al. 2005). Significantly too, studies relate ways in which women are 
creatively combining traditional and modern contraceptives, and do so not neces-
sarily to limit their total births but instead to space their births according to their 
own understandings of what is best for their own and their children’s health2 (e.g., 
Hern 1994; UNICEF 2007). 

Some studies also point to ways in which indigenous women derive personal 
satisfaction and enhanced social status from their large families (e.g., Azevedo 
2003; Pagliaro et al. 2008). If they express concern over childbearing, it is often 
with reference to concern for their children’s futures, not the number of children 
per se (Radcliffe and Pequeño 2010). These observations resonate with critical 
demographic–anthropological scholarship on fertility, particularly regarding 
pregnancy intention and contraceptive use (see, e.g., Greenhalgh 1995; Bledsoe 
et al. 1998). Together, these empirical and theoretical observations call into 
question large-scale biomedical health survey findings regarding indigenous 
women’s dissatisfaction with their high parity and their assumed desire for 
fertility-limiting contraception. Thus indigenous women’s multiple births should 
not, a priori, be considered the unhappy and highly risky result of their socio-
economic, cultural and environmental impoverishment. Rather, it appears that 
high parity can be read as a vital if insufficient requirement for the improvement 
of the group’s collective physical, political, and ecological health in an era of 
profound challenge.

New questions about maternal health

This new perspective does not change the fact that indigenous women are unac-
ceptably sick and require vastly improved medical attention. But it does lay bare 
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the ways in which the state of a woman’s body (pregnant, anemic, lactating) is 
inseparable from her social and ecological health (her own sense of contentment, 
the current and future well-being of the collective of which she forms a part, 
and the environmental spaces that her group uses and defends). This is not to 
reify women as embodied “Nature.” Rather, it is to assert that in Latin America’s 
lowlands, indigenous women’s health is deliberately and directly shaped by the 
ongoing contest among social groups over land and resources with vital ecolog-
ical consequences.

This view raises questions about health providers’ emphasis on fertility reduc-
tion as a first step towards improving indigenous women’s health. Once health-
care providers recognize that women might consider birth-limiting contraceptive 
practice antithetical to a collective pronatalist goal or worse, an echo of past 
genocides (see, e.g., Federación Shuar 1976), they can adjust their focus from 
fertility reduction to practices that ensure safe motherhood for women no matter 
what their reproductive plans. Another lesson is to recognize that territorial secu-
rity, and with it, food and resource security, cultural revitalization, and the elimi-
nation of the need for biological reproduction to secure it, is perhaps the single 
most critical precondition for improving indigenous women’s health.

These new perspectives also raise urgent new questions. Foremost among 
them is the degree to which indigenous women have power over the decisions 
regarding their reproduction. Clearly, they can and do manipulate their fertility 
in response to collective goals. But research to date suggests that they may do so 
against their will, in response to strong pressures from male partners, leaders, 
or even other women (e.g., Browner 1986; Hern 1994; Browner 2000; Radcliffe 
and Pequeño 2010). But there is also evidence that women subvert and negotiate 
these pressures; power over reproductive decision-making appears diffuse and 
complex (Greenhalgh 1995). A related question is the degree to which members 
of pronatalist societies consider an explicit tradeoff between the risks to women’s 
health and the collective pursuit of social, political, and ecological health.

Childhood vaccination and immunization

These urgent questions echo in a distinct but related health issue for the growing 
numbers of indigenous children across Latin America’s lowlands: vaccination 
against disease. We have argued above that compared with standard narratives, 
new perspectives on maternal morbidity point to more hopeful interpretations 
about women’s health and its contribution to group well-being. In what follows, 
we offer a contrasting case by reviewing how indigenous organizations are taking 
greater control over efforts to improve the vaccination of their children. But this 
process is complicated and potentially undermined when gains to children’s 
health come at the cost of social and ecological well-being. Those familiar with 
the role of vaccination in the colonial enterprise will perhaps not be surprised 
by our conclusions (see, for example, Lee and Fulford 2000). Nevertheless, the 
specific dynamics of the case are important for illustrating how antigens, land, 
and power come together in the context of indigenous political resurgence in 
contemporary lowland Latin America.
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The vaccination of indigenous populations across the region, especially since 
the 1960s, is widely credited with lowering mortality rates for all ages, but espe-
cially children (de la Hoz et al. 2005; Gracey and King 2009). At the same time, 
however, vaccination coverage is spatially and temporally uneven, haphazardly 
implemented, and routinely under-monitored (de la Hoz et al. 2005). Consider, for 
example, that within most lowland environments, the basic recommendation is 
that children be vaccinated against tuberculosis, measles, mumps, rubella, polio, 
hepatitis B, diphtheria, pertussis, tetanus, and yellow fever. For these vaccina-
tions to result in immunization, first doses must be administered within specific 
age ranges and boosters within defined intervals (de la Hoz et al. 2005). Based 
on the scant data available, these schedules remain a remote ideal. The majority 
of indigenous children are under-vaccinated while some are dangerously over-
vaccinated and others are missed completely (see UNICEF 2007, for example). 
Equally troubling is the dismal number of follow-up studies on the effectiveness 
of vaccines in lowland environments (Escobar et al. 2004; de la Hoz et al. 2005; 
Hurtado et al. 2005; Gracey and King 2009). As a result, the degree to which 
incomplete immunization contributes to childhood illness and death remains an 
open question (Cardoso et al. 2005; Montenegro and Stephens 2006).

Vaccination rates for indigenous children in lowland societies are also routinely 
lower than for proximate non-indigenous rural populations (de la Hoz et al. 2005). 
This has been explained in terms of the isolation of indigenous societies rela-
tive to mestizo populations (de la Hoz et al. 2005), and due to poor coordina-
tion and political apathy among responsible national and international agencies 
(Hurtado et al. 2005). But even well-coordinated and well-funded vaccination 
efforts repeatedly report a key stumbling block: the “invisibility” of a large share 
of indigenous children, meaning that their parents have not registered their births 
(e.g. see Teixeira 2005; UNICEF 2007). Low registration rates are attributed to the 
distance of most registration offices from indigenous settlements, and to the fear 
and ignorance of indigenous parents regarding state registration (UNICEF 2003). 
A contradictory explanation is that many indigenous societies find state registra-
tion insulting and neocolonial and so avoid it (e.g. see Federación Shuar 1976).

Whatever the reason, one result of non-registration is that many indigenous 
children in lowland societies are effectively non-existent in the eyes of the state 
and the entities with which the state collaborates on vaccination brigades (e.g., 
UNICEF, PAHO). Nor are there typically any reliable proxy sources for such 
data, such as health records or national census data (PAHO 2004b).

This becomes a problem for indigenous organizations themselves. As ethnic 
federations assume greater control over health resources, they find health 
planning to be hamstrung by the lack of basic data on their own populations 
(Montenegro and Stephens 2006). In response, a growing number of indigenous 
organizations have begun to develop and administer their own demographic and 
health surveys. An early example is the 1992 survey of almost 17,000 individuals 
conducted by the Federation of Indigenous Groups of the Upper Rio Negro in 
Brazil (Azevedo 2003). Subsequent surveys include those conducted by Sateré-
Mawé (Teixeira 2005; Teixeira and Brasil 2005), the Shuar Federation (Jokisch 
and McSweeney 2011) and others (Coimbra and Santos 2004). All were run 
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by or in close collaboration with indigenous federations, with native enumera-
tors administering surveys in native languages. All were also understood as a 
means for native organizations to access information for both internal planning 
purposes and in order to better leverage health (and other) resources from the 
state and international organizations (Jokisch and McSweeney 2011).

Because the surveys were expensive to implement and process, all relied on 
funding from a mix of domestic and foreign governments and UN agencies, 
including UNFPA and UNICEF, with academics and health practitioners often 
providing technical support (Azevedo 2003; Jokisch and McSweeney 2011). 
Clearly, then, the surveys cannot be considered fully “autonomous” (cf. Azevedo 
2003: 76). But for indigenous political organizations, the very act of counting and 
assessing their self-defined constituents in their own language is to perform a 
function that characterizes autonomous nations (Anderson 1983). In the process, 
indigenous federations push back against neocolonial state registries and prob-
lematic censal instruments while asserting their rights to nationhood (see also 
Kertzer and Arel 2002).

In this way, the auto-generation of data on their own health status not only 
becomes a tactic by which indigenous organizations secure funding for specific 
health initiatives, but also a means to serve a larger and explicitly ethno-territo-
rial goal as well (see Cabral in Teixeira 2005). This is because native-run surveys 
signal federations’ authority to find and render visible indigenous bodies within 
contested spaces, thus asserting indigenous authority over both. The Shuar’s 
Director of Health made the territorial and ecological connections clear in 
proposals for the Shuar Federation’s survey, noting that data needs were urgent 
in the context of “the struggle against oil companies’ efforts at penetration” and 
in light of “the growth and presence of mining companies in different zones of 
Shuar settlement” (Tiwi 2005; our translation).

In the process, indigenous children’s vaccination status becomes enrolled in a 
series of political tactics that seek to assert indigenous control over indigenous 
individuals and the spaces they occupy. At first glance, this might appear to be a 
straightforward example of an emancipatory political ecology of health; one in 
which disadvantaged actors mobilize information about their (children’s) health 
to demand their rights to state resources while signaling their vigilance over lands 
and resources coveted by external elites. But closer scrutiny of the dynamics at 
work, particularly in light of recent work within political ecology, suggests an 
alternative and less hopeful interpretation: one in which children’s health plays no 
less a strategic role, but one that potentially undermines autonomous control over 
indigenous well-being, lands, and ecologies. We refer here to recent scholarship 
on indigenous mapping initiatives in Latin America (Hale 2005; Wainwright and 
Bryan 2009). Like the act of self-censusing, self-mapping constitutes a critical 
element of national imagining (Anderson 1983), and appears to be an important 
expression of growing autonomous control over indigenous bodies and lands. But 
these putatively autonomous projects can ultimately serve to enroll and confine 
indigenous subjects within state structures more efficiently and completely than 
the state could have done itself (Hale 2005). But how, exactly? And how is this 
related to the vaccination of indigenous children?
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To answer these questions, it is instructive to recall that the Shuar Federation’s 
and the Sateré-Mawé surveys were partially funded through the UN’s Children’s 
Fund (UNICEF). UNICEF’s interest in supporting the demographic/health 
surveys was not based on a direct interest in children’s health per se, but rather 
in indigenous children’s unclaimed Ecuadorian/Brazilian citizenship. Indeed, 
UNICEF considers community-run surveys as “cost-effective short cut[s]” for 
identifying unregistered or otherwise unaccounted-for indigenous children 
(UNICEF 2003: 20). UNICEF’s support for the indigenous surveys thus formed 
part of its hemispheric effort to support the rights of all children under national 
laws. These rights are only guaranteed when children become visible to the 
state through the creation of birth certificates and citizenship cards (see Teixeira 
2005). As UNICEF-Ecuador (2007) puts it:

Young Shuar children and adolescents have been denied the right to a name 
and the Ecuadorian nationality; the majority of births are not documented, 
or are documented late … “Put your name to Ecuador” is the motto of the 
National Registration Programme that … ensure[s] children’s rights to a 
name and nationality … 

Thus, when Shuar or Sateré-Mawé use UNICEF monies to survey their own popu-
lations, several things happen. Indigenous federations access critical information 
about health needs, including vaccination schedules. In the process, however, 
data on formerly “invisible” children are made available to UNICEF and other 
international organizations. These data are essential to “grant” those children 
Ecuadorian or Brazilian (not Shuar or Sateré-Mawé) citizenship, including an 
identity card attesting to their legal status, and a vaccination card re-affirming 
their right to health (see also de la Hoz et al. 2005). At the same time, data on 
these children enter the national databases that seek to monitor all indigenous 
individuals (Teixeira 2005).

We do not mean to suggest that the vaccination of children becomes some 
sinister pretext for rendering remote and defiant indigenous peoples as national 
citizens. Our point here is to emphasize how the seemingly emancipatory 
effects of native demographic/health surveys are to some degree undermined 
through the very act of their execution. Shuar and other indigenous federations 
are seasoned and savvy negotiators of their rights to be sure (Rubenstein 2001), 
but, through a self-census that holds the promise of improving health of their 
children, they effectively offer the state more and better data on themselves and 
their whereabouts that the state could have ever generated itself. This contrib-
utes to the state’s ability to spatially and temporally track otherwise remote 
populations within contested landscapes rich in oil and gold. At the same time, 
Shuar children are inculcated into Ecuadorian, not Shuar, nationhood. Both 
processes fundamentally undermine the authority and possible autonomy of 
the Shuar Federation, which becomes ever more deeply enmeshed within, and 
legible to, state bureaucracies. By weakening Shuar power, the state and allied 
capital interests move one step closer to unlocking the resources held in native-
controlled lands.
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At this point, a health practitioner might reasonably ask: “Why does this 
matter? Why the cynical take on such an unproblematic good as vaccination?” 
We would argue that our insights matter because they insist that those committed 
to extending the lives of native children understand what their particular actions 
mean for the collective well-being of the group, and the future well-being of the 
child. To the extent that vaccination teams have always acted as an advance guard 
in the assault on native lands (see Lee and Fulford 2000), there is an implicit and 
profound tradeoff between the biophysical health of individual children and the 
survival of their people as healthy, autonomous populations able to live within a 
functioning and intact ecosystem.

This does not mean children should not be vaccinated. It does imply, however, 
that those involved in the seemingly altruistic one-off act of vaccination also 
bear responsibility for thinking through potentially troubling longer-term polit-
ical–ecological impacts. Contemplation of the power-laden context of vaccina-
tion would also help practitioners to better understand how it would be possible 
for a parent, a village, or other collective to refuse vaccination (see for example 
de la Hoz et al. 2005). This response is often put down to sheer ignorance, or, 
worse yet, to the repellent intrusion of “politics” into a life-or-death decision. 
A political–ecological perspective, in contrast, would demand considering the 
possibility that the refusal of a health service might be an agonizing decision that 
weighs the cost of individual illness against a collective future in place.

If the relationship between ecology and power helps us to better understand 
key dimensions of vaccination, so too does attention to health issues like vacci-
nation help us better understand indigenous political–ecological struggles. This 
case study is a reminder that no terrain is sacrosanct in the battle over lands 
and resources. Access to indigenous lands is, after all, an extremely high-stakes 
game in which even unvaccinated newborns necessarily play a part. For all of the 
above reasons, the bloodstream of a baby is just the sort of terrain where polit-
ical–ecological struggles are increasingly likely to play out (see Peet et al. 2011).

Discussion 
In this chapter, we focus on indigenous mothers and children in lowland Latin 
America to show how their health is profoundly enmeshed in the dynamics of 
power and control over the ecosystems in which they live. One case appears 
hopeful, the other less so. Combined, they yield four “take home” points of broad 
interest to research and praxis related to political ecologies of health.

Health as political–ecological struggle

First, the case studies highlight the importance of considering health itself as 
the material embodiment of the efforts of individuals and groups to assert their 
power in the access, occupation, and ownership of lands and resources. To date, 
much of the scholarship on political ecologies of health has focused on patholo-
gies resulting from ecological usurpation, degradation, or dispossession, or on 
the ways in which illness itself impacts resource use and access (see Mayer 1996; 
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DeWalt 1998; Collins 2002; Hanchette 2008; King 2010). If we parse the field of 
political ecology according to the dominant narratives of the field suggested by 
Robbins (2004), it might be said, then, that the bulk of health research in political 
ecology falls within two of Robbins’s theses: degradation and marginalization, 
and conservation and control.3

We suggest here that there is productive analytical purchase in extending 
complementary scrutiny to health in the context of Robbins’s other two theses: 
environmental conflict and identity, and social movements. For example, by 
conceptualizing health as the embodiment of environmental conflict, the 
two-way play of power can be foregrounded. To be sure, health can reveal much 
about social and ecological subjugation. But this does not foreclose the possibility 
that subjugated peoples can mobilize their individual or collective health to fight 
back. As we have shown here, the health of indigenous mothers has long been 
read through the lens of their victimization by poverty, ignorance, or cultural and 
ecological devastation. We show, in contrast, ways in which indigenous women’s 
health, through their high parity, can be read as a critical (if insufficient) condi-
tion for indigenous political resurgence. This interpretation in no way diminishes 
the severity of indigenous women’s suffering, nor their acute need for medical 
attention. But it does demand that we need to do much greater justice to women’s 
aspirations, motivations, and constraints as they negotiate their health in the 
context of social and ecological crises.

Individual and collective health

Second, our explorations of health as struggle expose important questions about 
the relationships between individual and collective health. We do not imply a 
simple relationship between the self and some ontologically given collective Self, 
but recognize the always fluid and negotiated character of this relationship (see, 
e.g., Rosengren 2003). This being so, the majority of ethnic groups in Amazonia 
might be best described as thriving: birth rates are up, mortality rates are down, 
and they seem finally poised, after 500 years, to regain numbers comparable to 
pre-Conquest populations. Consider further that this demographic “turnaround” 
has enabled profound cultural revitalization and greatly enhanced political 
stature (Gomes 2000), and it would seem fair to assert that they are experiencing 
a historically high degree of population-level health.

Obviously, this assessment contrasts sharply with the aggregate statistics on 
indigenous morbidity, particularly for women and children. Our point here is not 
that the conclusions drawn about native health depend on the scale of inquiry (slice 
the data one way to get one result; a different way for another result). Quite the 
opposite. We want to instead draw attention to the ways in which a broad notion 
of health recognizes health as simultaneously and iteratively experienced by the 
individual and the collective, and therefore should not be “sliced” separately. This 
is particularly true in non-Western contexts in which individual aspirations cannot 
be considered in isolation from group goals (e.g. see Rosengren 2003).
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Health as well-being

Third, the entangling of individual and collective health raises the question of 
just what is meant by “health.” Clearly, health demands a broader definition than 
“absence of disease.” As we have shown, it is possible that the processes that allow 
indigenous children to be vaccinated against disease can contribute to undesir-
able cultural assimilation and the devastation of their homelands: collective ill-
health, if you will. Anthropologists inspired by political–economic approaches to 
health are exploring this issue through the concept of well-being (e.g., Izquierdo 
2005; Levin and Browner 2005). They have found that biomedical models of 
health are highly inadequate for capturing the way that people, particularly in 
non-Western cultures, think about themselves, their relationships to one another, 
and their relationships to the environment. Within political–ecological scholar-
ship too, Richmond et al. (2005) found that Namgis First Nations respondents 
defined health and well-being with respect to economic, political and social/
cultural “health” dimensions of the community, including access to natural 
resources (see also Middleton 2010).

In our own experience, we have encountered indigenous women who, while 
suffering from multiple ailments, are profoundly satisfied with their families and 
the social, cultural, and economic futures of their children and grandchildren 
in their homeland. For practitioners, the challenge is to respect that content-
ment—that deep sense of well-being—while attending to the physical factors 
that may prematurely end a woman’s life. For political ecologists more generally, 
it suggests the potential for fruitful inquiry around understandings of health and 
well-being in contexts of socio-political and ecological change.

Health as biosocial

Our final remarks concern the ways that health can be viewed as fundamen-
tally biosocial (Mansfield 2008). This view contributes to a broader move 
within human geography and nature–society theories to refuse rigid distinctions 
between environmental, political, economic, and social aspects of life (Panelli 
2010). The case studies presented here exemplify the fluidity and simultaneity of 
these aspects by showing how the health of individuals can be deliberately modi-
fied in ways that are at once biological (the joining of gamete cells, the introduc-
tion of antigens) and social (part of a conscious policy of population expansion, 
the result of demands for state health support). Moreover, we also point to ways 
that environments are themselves biosocial, not merely places or settings with 
which people interact to produce health outcomes (Guthman and Mansfield 
2008). As we have shown in this chapter, to the extent that indigenous lands and 
resources, and the fight to maintain them, are inseparable from the well-being of 
indigenous groups, those lands and resources are themselves biosocial elements 
of indigenous health.
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Notes
1	W e use this term in the knowledge of its imperfection but for lack of an equally 

parsimonious way to refer to the individuals and collectives that self-identify as 
indigenous.

2	 That Shuar women use contraceptives to concentrate parity in a relatively short 
span contrasts with Bledsoe et al.’s (1998) finding that women use contraceptives 
to space their births more widely. Nevertheless, both outcomes support Bledsoe et 
al.’s primary argument: “in contexts with high levels of reproductive morbidity and 
mortality, a health model, not a demographic one, dominates people’s thinking about 
contraception, superseding by far any specific worries about family size” (Bledsoe et 
al. 1998: 17).

3	W e recognize a parallel and important body of work within biological anthropology 
(e.g., Leatherman and Thomas 2001; Salzano and Hurtado 2004), which space 
constraints have not allowed us to elaborate here.
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And it shall come to pass in that day, 
That the Lord shall hiss for the fly 
That is in the uttermost part of the rivers of Egypt … 
And they shall come, and shall rest all of them 
In the rugged valleys, and in the holes of the rocks, 
And upon all thorns, and upon all brambles.

(Isaiah vii: 18–19)

Introduction
African trypanosomiasis (AT), a neglected tropical disease, is a zoonotic, para-
sitic infection of wildlife, domesticated animals, and humans. Transmitted by 
the bite of the tsetse fly (genus Glossina), the causative agents are parasites 
of the Trypanosoma brucei species complex. Approximately 8.5 million km2 
in 37 sub-Saharan Africa countries, representing locations of ecological suit-
ability,1 are infested with tsetse (Allsopp 2001). The vast area occupied by tsetse 
results in approximately 70 million people facing exposure risk (World Health 
Organization 2006a). Two major epidemics occurred in the first half of the twen-
tieth century, one between 1896 and 1906, and the other in 1920. By the mid-
1960s, human African trypanosomiasis (HAT), also known as sleeping sickness, 
appeared to be under control. However, by the mid-1970s, HAT re-emerged 
due to a breakdown in surveillance and control programs compounded by drug 
resistance, genetic changes in the parasite, civil conflict, and anthropogenic and 
natural environmental changes (World Health Organization 2006a). In the mid-
1990s it was estimated that at least 300,000 cases were underreported due to lack 
of surveillance capabilities, diagnostic expertise, and healthcare access (World 
Health Organization 2006a). In response to these limitations, the World Health 
Organization, with public–private partnerships, initiated a new surveillance 
and elimination program. During the implementation of this program, approxi-
mately 17,500 new cases were reported with an estimated cumulative rate of 
50,000–70,000 cases (World Health Organization 2006b). The disease is also 
considered one of the most important economically debilitating diseases in sub-
Saharan Africa, with African animal trypanosomiasis (AAT) reducing livestock 
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productivity by 20–40 percent in tsetse areas (Hursey 2001). In this chapter, we 
seek to explore the social, political, and structural challenges to control of tsetse 
and trypanosomiasis. We suggest that historical precedent, modern eradica-
tion language, and global health organizations, influence, and, in fact, hinder 
control efforts. We examine the tortured history of control measures followed by 
a discussion of why the tsetse fly continues to trouble so many in spite of over a 
century’s worth of active suppression. Finally, we close with a discussion of the 
contentious issue of tsetse fly control versus fly eradication; on this divisive topic 
we advocate for sustained control of the fly.

In Mombasa, Kenya in October 1999, the 25th International Scientific Council 
for Trypanosomiasis Research and Control (ISCTRC) recommended the 
creation of a pan-African initiative to address tsetse eradication. As a result, 
the Organization for African Unity established the Pan African Tsetse and 
Trypanosomiasis Eradication Campaign (PATTEC) in October 2001 (Schofield 
and Kabayo 2008). While the goal of a tsetse free Africa is clear, PATTEC does 
not suggest nor follow a specific method for arriving at such a goal. Rather, to 
eliminate the tsetse fly, a host of techniques to be implemented throughout sub-
Saharan Africa are encouraged, including combinations of traps and insecticide-
impregnated targets, insecticide-treated cattle, aerial and ground spraying of 
insecticides, and deployment of sterilized male tsetse, also known as the steri-
lized insect technique (SIT) (Schofield and Kabayo 2008). Several vector control 
methods, such as trapping techniques, have been used to suppress the tsetse fly 
for many years, while other methods, such as the aerial spraying method listed 
above, have a more recent history. However, vector control is only one part of 
the complicated history of tsetse control; animal host population and administra-
tive control have also experienced periods of popularity. Despite the persistent 
control efforts, the tsetse fly continues to plague sub-Saharan Africa.

The tsetse fly throughout history and early practices of living 
with the vector
Sleeping sickness is far from a recent phenomenon. As early as 1374, the Arab 
writer al-Qualquashandi described the death of the King of Mali as the result 
of sleeping sickness (Knight 1971). In fact, the discovery of Glossina fossil 
impressions in Colorado by Theodore Dru Alison Cockerell in the early 1900s 
allowed researchers to conclude that tsetse flies existed in North America during 
the Miocene (Brues 1923). Brues (1923) argues that these flies possibly carried 
trypanosomes during this period, suggesting that tsetse may have contributed 
to the extinction of select large mammals that once inhabited North America. 
John Atkins, an English naval surgeon, more recently recognized the presence 
of sleeping sickness when he used the term “negro lethargy” in 1742 to describe 
slaves in western Africa, and in 1803 Dr Thomas Winterbottom commented that 
slave-dealers would not buy Africans with enlarged glands, perhaps the most 
physically identifiable trait of trypanosomiasis (Lambrecht 1964). Sleeping 
sickness undoubtedly played a large role in the slave trade, and in the process, 
promoted negative stereotypes. Browne (1953) provides an observation made by 
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the late Milton J. Rosenau, once a professor of public health at Harvard University, 
where Dr Rosenau points out that:

… the ravages of sleeping sickness were well known to the old slave traders 
and the presence of “lazy niggers” lying prostrate on wharves and decks 
with saliva drooling from their mouths, insensible to pain or emotion, was 
a familiar sight.

(Browne 1953: 150)

African societies have long coexisted with trypanosomiasis. In John Ford’s seminal 
work The Role of the Trypanosomiases in African Ecology, he contends that pre-
colonial societies achieved resistance to the disease through limited, continuous 
exposure to the trypanosome (Ford 1971). Accordingly, protection was acquired 
by modifying the environment to regulate interactions between humans, domesti-
cated animals, wild fauna, tsetse flies, and the trypanosome. Giblin (1990) reviews 
Ford’s work, and presents alternative pre-colonial methods of responding to the 
tsetse fly. One such method is found in Kjekshus’s Ecology Control and Economic 
Development in East African History: the Case of Tanganyika, 1850–1950 (1977) 
in which avoidance of the tsetse fly was encouraged. Kjekshus’s method therefore 
was one of evading the fly, while Ford found low levels of contact necessary in 
human coexistence with tsetse. Torday (1910) seems to agree with Kjekshus’s isola-
tionist approach when he describes the people of the Kasai Basin in the Belgian 
Congo where sleeping sickness was controlled by keeping populations away from 
the fly and through the practice of removing sick villagers to isolated forests.

Whether pre-colonial Africans coexisted with trypanosomiasis and its persis-
tent vector through a process of limited but continuous exposure (as suggested by 
Ford) or if an isolationist approach was key to survival, the arrival of Europeans 
certainly disrupted the established cohabitation practices. In discussing the 
colonial administration of north-eastern Rhodesia, Vail (1977) lists gun control 
laws, game control policies, village amalgamation policies, hut taxes, and labor 
recruitment campaigns as a collection of policies that disrupted the pre-colo-
nial coexistence of man and the fly. As early as 1908, David Bruce, the Scottish 
microbiologist who played the largest role in identifying the cause of sleeping 
sickness, noted the impact of colonists in spreading sleeping sickness:

It cannot be forgotten that the introduction of sleeping sickness into Uganda 
was due to England’s interference with existing conditions. The movement 
of large masses of men or animals from the conditions to which they have 
become adapted is always attended with danger. Civilized man presents the 
untutored savage … with what he calls the dignity of labour with one hand, 
while with the other he scatters abroad the seeds of tuberculosis, sleeping-
sickness, and other pestilences which I need not enumerate.

(Bruce 1908: 258–259)

In their influential work examining land degradation from the political ecology 
perspective, Blaikie and Brookfield (1987) discuss the colonial role in the spread 
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of the tsetse fly and trypanosomiasis. Such an expansion in distribution occurred 
as the result of colonial policies annexing land and forcing indigenous groups 
to move to areas previously avoided. For a related discussion of the relation-
ships between human health and frontier settlement, see Chapter 7. These forced 
relocations following the Europeans’ arrival contributed in no small part to the 
first sleeping sickness epidemic (Vail 1977). Uganda and the Congo Basin expe-
rienced the worst of this epidemic where, from 1896–1906, 200,000 people died 
from the disease (World Health Organization 2006a).

Following Walker (2006) we approach these issues from a traditional political 
ecology framework and focus on the influence of power in shaping human–envi-
ronment relations.

Tsetse and trypanosomiasis control: early colonial practices
Knight (1971) suggests that the earliest form of active trypanosomiasis control 
was population evacuation. This technique often involved moving entire villages 
to “safe areas.” In 1908 North-Eastern Rhodesia, ruled by the British South 
Africa Company, pursued one such mass evacuation from the eastern bank of 
the Luapula River (Figure 9.1). All villages along the bank from Kabila to the 
Nsakaluba stream were moved to higher ground to avoid the tsetse population 
at the river’s edge (Musambachime 1981). During this move, the abandoned 
villages were burned in an effort to discourage the natives from returning. Those 
who were sick were sent into quarantines, from which they rarely returned.

Often during these evacuation events, the villagers were only allowed to carry 
basic necessities, and rarely were their destinations adequately prepared for their 
arrival (Musambachime 1981). Once relocated, it was common for villages to be 
densely resettled in order to promote expedient collection of taxes by colonial 
officials and to allow for ease in medically examining the resettled people (Vail 
1977). The crowded conditions spawned enormous overuse of land that contrib-
uted to soil erosion, and the abandonment of previously used land allowed tsetse 
habitat to regenerate, which created an environment ripe for the continued spread 
of sleeping sickness (Vail 1977). The practice of population relocation was there-
fore nothing short of disastrous. Musambachime (1981) presents an observation 
that, due to the disorderly nature of such relocations from the Luapula River, 
more people died from hunger than died of sleeping sickness. 

In addition to fostering conditions disastrous to the resettled population’s 
health, these programs also disrupted lives both spiritually and economically. 
Relocation meant the abandonment of ancestral resting places. According to 
Torday (1929: 168), such displacement was like “a tree cut off from its roots,” 
as relocated people were moved to environments deprived of physical, cultural, 
and religious familiarity. Relocation as well as the restrictions placed on the 
resettled individuals’ movement also disrupted rituals such as rain prayers and 
made pilgrimages to sacred locations impossible (Musambachime 1981). Cattle, 
the economic core for many African villages, often fared poorly in the newly 
settled areas due to concentrated conditions that facilitated the spread of the 
disease (Soff 1969). As villagers lost their cattle and other animals to AAT, it 
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Figure 9.1 location and timing of several campaigns against the tsetse fly across sub-
Saharan Africa. The map displays the percentage of tree cover across the 
continent as the tsetse fly has a similar distribution (Cecchi et al. 2008). 

Source: Tree-cover data from DeFries et al. (2000) 

note: Current political boundaries shown. 

was not uncommon for livestock theft to increase, as occurred between tribal 
groupings in British East Africa at the turn of the twentieth century (Soff 1969). 
Additionally, population relocation further jeopardized economic prospects by 
eliminating the use of more fertile land and disrupting regional trading of items 
such as salt, palm oil, and fish (Musambachime 1981). 

Population relocation programs used at the beginning of the twentieth century 
were plagued by hasty evacuations, poor preparation of resettlement destinations, 
and insufficient consideration of the resettled people’s cultural and economic 
values. It is not surprising, therefore, that such programs led to adverse health, 
societal, and economic outcomes. 
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Like population evacuation, host destruction and habitat clearing were both 
popular colonial administrative solutions to tsetse. Bruce (1905) presents an early 
discussion of the role wild animals played as a reservoir of the disease. Bruce 
remarked that wild animals such as the buffalo and the wildebeest carried trypa-
nosomes in their blood, but that the parasite did not seem to hurt these animals. 
On the other hand, when the parasite was introduced in domestic animals, AAT 
would result, often leading to death. The practice of game destruction as a means 
of eliminating both the parasite reservoir and a food source for the tsetse quickly 
followed Bruce’s discovery.

Elimination of wild species was widely debated following the discovery of 
their role in harboring the parasite. At a meeting of the Royal African Society in 
1913, Dr Warrington Yorke claimed that the only effective means of combating 
sleeping sickness was through the elimination of the reservoir of the virus 
(today known to be a unicellular parasitic protozoa). Dr Yorke was specifically 
addressing the situation in Rhodesia and Nyasaland where the population was 
troubled by the tsetse species G. morsitans. As the local population could not 
be moved away from the infested areas, Dr Yorke (1913: 27) commented that in 
attempting to destroy the reservoir of the virus, “it is obvious that the mere isola-
tion of infected human beings is futile in view of the fact that the main reservoir 
of the virus is the blood of the big game.”

In addition to ridding the population of the parasite’s host, big game destruc-
tion was also promoted as a means of eliminating the fly’s food supply, and thus 
causing the fly to disappear (Yorke 1913). Three years before Dr Yorke’s call for 
the destruction of wild game, Alfred Sharpe, a British colonial administrator, 
warned the Royal African Society of the difficulties and potential unintended 
consequences of game destruction. He emphasized that certain conditions make 
areas suitable for the existence of tsetse flies, and the presence of big game 
makes little difference in their choice of habitat (Sharpe 1910). It was additionally 
cautioned that if the primary food source for the fly was removed, humans could 
be targeted as a secondary source, thus making sleeping sickness more preva-
lent (Sharpe 1910). Arguments were also made for more judicious slaughtering 
of game, acknowledging the successes of host destruction but calling for better 
knowledge of the relationship between the fly and wild animals to avoid ruthless 
mass killings (Swynnerton and Buxton 1938).

Active host destruction ultimately declined as a control technique by the 1940s 
due to its increasing social anathema and the rise of insecticides as a vector 
control option (Hargrove 2003; Cox 2004). However, during its period of popu-
larity and even after insecticides became more broadly used, host destruction 
did offer effective, though modest, tsetse control. Jordan (1986) describes one 
such success that took place in Uganda from 1946–1966 (Figure 9.1). During 
this period, active hunting of wild animals substantially reduced the populations 
of two tsetse species from more than 20,000 km2, primarily due to its inten-
sive culling of even the most elusive animals (Jordan 1986). Host destruction 
is often jeopardized when the level of hunting is not sufficient to achieve the 
necessary degree of wild animal elimination. Reinvasion of the fly is common, 
and sustainable elimination of hosts is therefore required for successful tsetse 
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control. Vail (1977) demonstrates how colonial policies limited the ability to 
sustain this necessary level of wildlife suppression in North-Eastern Rhodesia. 
During the first half of the twentieth century, the administration of North-Eastern 
Rhodesia, and later Northern Rhodesia, was not unlike many colonial regions of 
its time. Policies concerned with the capturing of resources and the promotion 
of European interests frequently increased the vulnerability of Africans and left 
them to cope with foreseeable and unforeseeable consequences of these policies. 
Such policies included gun control laws stemming from the Brussels Act of 1890, 
the conservation of wild animals from the London Convention of 1900, hut taxes, 
and labor recruitment programs (Vail 1977). 

Throughout Central Africa, the British, fearing confrontation with the vastly 
more numerous local populations, implemented gun control laws (Vail 1977). 
While largely successful in sterilizing the chances of conflict, gun control, 
coupled with the protection of wildlife at sites such as the Mweru Marsh Game 
Reserve, increased tsetse food supplies, and simultaneously increased the 
number of reservoirs for the parasite. With infected wildlife existing in greater 
numbers and the means for checking their growth becoming increasingly limited, 
trypanosomiasis was able to sweep across North-Eastern Rhodesia with ease 
in the early 1900s. Furthermore, as early as 1898, the North-Eastern Rhodesia 
administration had been imposing a five shilling hut tax within its villages (Vail 
1977). Unable to pay the tax due to limited employment opportunities, the men 
of North-Eastern Rhodesia often journeyed, and were recruited, to Southern 
Rhodesia where employment opportunities were more widespread, further 
reducing the available labor pool most capable of managing wildlife populations. 
During the colonial period, policies concerned with promoting European inter-
ests often ignored potential negative externalities. Such was the case in Rhodesia 
where concerns over access to firearms, faunal diversity, and the costs of govern-
ment inadvertently led to increasing cases of trypanosomiasis by expanding the 
host population. This host population growth was often also accompanied by an 
expansion of tsetse habitat.

The discovery that many sleeping sickness cases existed along the shores of 
rivers and lakes led to discussions of tsetse habitat clearing. In Bruce (1908), the 
distribution of sleeping sickness cases was presented to the Royal African Society 
as occurring along the west coast of Africa, along the shores of Lake Tanganyika 
and Lake Victoria, in parts of western Uganda, and at Wadelai on the Nile River. 
These sites were shown to coincide with the existence of G. palpalis. With such 
reports clearly locating the presence of sleeping sickness to such confined areas 
inhabited by G. palpalis, bush clearing practices became more frequent and 
often were employed alongside game destruction to curb sleeping sickness cases 
caused by the more widely dispersed G. morsitans (Harcourt 1912).

Shrub and bush clearing occurred around Central and East African lakes 
in the early 1900s, and these practices were met with some success; however, 
the projects were often costly and required the movement of human popula-
tions (Harcourt 1912). Bruce (1908: 257) made clear the daunting task of habitat 
destruction, stating that “If we picture the hundreds of miles of lake and island 
shore, with huge trees and dense undergrowth up to the water’s edge, we must 
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come to the conclusion that the wholesale destruction of the fly is impossible.” 
Soff (1969) highlighted the inefficiencies often found in bush clearing when 
recounting Ugandan Protectorate’s Governor Hesketh Bell’s belief that all bush 
harbored tsetse. Such views frequently led to total destruction of lakeshore vege-
tation when, in reality, only certain species of bush, based on physiological struc-
ture, provide habitat for the fly. Additionally, unless the land was populated after 
clearing or the bush kept from regenerating, the tsetse fly would return. Habitat 
destruction therefore typically included the encouragement of villagers to live 
closer together, as their routines of building, collecting firewood, and practicing 
agriculture would discourage the return of tsetse habitat (Science News-Letter 
1927). The increase in agriculture that followed the process of concentrating 
villagers was promoted as an opportunity to increase the standard of living for 
those in the fly belts. This practice in turn was believed to have a positive cyclical 
effect: as the economic status of an area increased, so too would the public health 
(Gilks 1935). 

Despite its inefficiencies, the practice of habitat destruction, when coupled 
with additional control techniques, has proven to be very effective at combating 
the tsetse fly (Hargrove 2003). Moreover, the practice of total habitat destruction, 
employed in the infancy of tsetse habitat removal, was discovered to be only 
one of several effective forms of habitat clearing, with the others (partial, selec-
tive, and discriminative clearing) being far less damaging. In the early 1950s 
for example, Mbala, Zambia (then Abercorn, Northern Rhodesia) was able to 
effectively control the tsetse fly using a discriminative clearing scheme where 
only the woody vegetation from a plant community was removed (Figure 9.1). 
This achievement resulted from clearing only 3 percent of the vegetation in a 725 
km2 area (Hargrove 2003).

Similar to the host destruction method, habitat clearing began to fall out of 
favor with the rise of insecticides (Cox 2004), and currently it is rarely deliber-
ately used as a control technique. However, the anthropogenic impact of popula-
tion growth throughout Africa represents a less deliberate form of habitat, as 
well as host, destruction (Bourn et al. 2001). Agricultural operations expand with 
growing populations and the hunting of game intensifies limiting the extent of 
natural tsetse habitat. Additionally, because the land is intensively and continu-
ously used, agricultural expansion provides a sustainable form of control that, as 
stated earlier, is necessary to prevent habitat regrowth and reinvasion by the fly. 
Unfortunately, during the colonial period, continuous and intensive use of the 
land was often hampered by official policies (Vail 1977; Musambachime 1981). 
The regrettable result was the expansion of tsetse habitat during the early twen-
tieth century and the continued pervasiveness of sleeping sickness cases.

It has already been demonstrated that man and tsetse coexisted for centuries in 
Africa prior to the arrival of Europeans. Kjekshus (1977), among others, suggests 
that tsetse were cleared from areas leading to tsetse-free zones. Such zones were 
created by the intensive use of land, which eliminated the fly’s preferred habitat. 
Unfortunately, several of the European policies already mentioned as allowing 
reservoir host populations to increase also led to tsetse habitat expansion; the 
hut tax is one such policy. With the imposition of the North-Eastern Rhodesia 
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hut tax in 1898, men moved to areas offering better employment opportunities 
(e.g., Southern Rhodesia), and, consequently, land management of the fields left 
behind declined (Vail 1977). Agricultural output accordingly decreased and the 
fields were allowed to revert to habitat conducive to the fly.

The conclusion of World War I provided another opportunity for the fly to 
reclaim lost habitat. In the early 1920s, the administration of Northern Rhodesia 
was eager to move Africans off from the most fertile lands in order to attract 
European settlers intent on growing tobacco. This practice resulted in approxi-
mately 3,500 square miles of inferior land set aside for African reserves, and 
6,500 square miles of the most fertile land allocated to Europeans and those 
settlers expected to follow (Vail 1977). The collapse of the tobacco market in 
the 1920s discouraged settlers from moving to the “European” land, and after 
a fallow period the area was reclaimed by the tsetse fly. Sleeping sickness then 
became a greater risk for the Africans living in the nearby reserves and in one 
village a death rate of 66 per thousand was reported each year throughout the 
1930s (Vail 1977).

Colonial administrators often oversaw the tsetse and trypanosomiasis control 
techniques used at the turn of the twentieth century. However, these same admin-
istrators commonly facilitated the failings of the control campaigns through 
policies that moved Africans into tsetse-infested zones, increased the number of 
host reservoirs, and encouraged the regrowth of tsetse habitat. In this way, the 
early tsetse and trypanosomiasis control methods largely failed due to poor plan-
ning and policy implementation. These failures were thought to be a problem of 
the past with the emergence of insecticides as a vector control technique in the 
1940s; suddenly it was possible to swiftly control tsetse populations over large 
areas. Unfortunately, both old and new obstacles have limited the successes of 
the more contemporary control methods.

Tsetse and trypanosomiasis control: post-World War II 
practices
In 1874, dichlorodiphenyltrichloroethane (DDT) was first synthesized. It was 
not until 1936, however, that its insecticidal properties were realized, and not 
until the conclusion of World War II were insecticides widely used to control 
vector populations (Garnham 1967). With the use of insecticides, vector eradica-
tion finally seemed possible, and the process by which it could be achieved was 
often easier than previous control measures (Garnham 1967). In an article titled 
“DDT Can Wipe Out Plagues” (Science News-Letter 1945: 147), optimism was 
expressed that DDT could send disease-carrying insects to “join the dodo and the 
dinosaur,” and thereby end “these particular plagues for all time.” 

Application of insecticides initially occurred most commonly in the form of 
ground spraying (Allsopp 2001). These operations typically included large teams 
of trained staff dispatched over the control area. The staff, consisting of control 
officers and laborers equipped with pressurized and non-pressurized sprayers 
carried on their backs, applied insecticides to vegetation frequented by tsetse. 
Spraying operations could only be successful if the control area was made 
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uninhabitable for both the adult flies and the tsetse puparia buried in the soil 
(Jordan 1986). This was, and still is, achieved in one of two ways: through the 
use of residual insecticides that remain lethal long enough to control tsetse once 
they have emerged from their puparial case after roughly 22–25 days (Hargrove 
2003), or through reapplication of a non-residual insecticide.

Currently, ground spraying is used infrequently due to its high costs, depend-
ence on large numbers of well trained technicians, susceptibility to reinvasion, 
and regular dependence on residual insecticides (Hargrove 2003). In fact, the use 
of residual insecticides in West Africa in the late 1970s and early 1980s led to a 
decline in aquatic arthropod populations (FAO 1992). Other creatures that saw 
population numbers drop after sprayings included the plant-hoppers and silver-
fish in Zimbabwe at the beginning of the 1990s and the little bee-eaters during 
the 1980s (FAO 1992). Due in no small part to the devastating effects it had on 
non-target species, such indiscriminate, high-dose sprayings have largely been 
replaced by more selective, low-dose sprayings. 

The first widespread aerial spraying campaign of tsetse habitat took place in 
the mid- and late 1940s with South African Air Force pilots flying over Zululand, 
South Africa (Figure 9.1; Science News-Letter 1947). Pilots applied DDT to an 
area of 100 square miles during the operation, and ground teams set off DDT 
grenades to target habitat missed by the aerial spraying. The campaign effec-
tively controlled G. pallidipes in the sprayed area (Hargrove 2003), and optimism 
that the fly could be removed from the continent began to grow. Unfortunately, 
issues such as limited funding, environmental concerns, poor coordination 
between countries, and the ability and efficiency of the fly to reinvade cleared 
areas have limited the successes of control efforts (PATTEC 2001). The large-
scale 1973–1991 control campaign over Botswana’s Okavango Delta is one such 
example (Figure 9.1). During this operation, extensive and repeated aerial spray-
ings occurred over the vast wetland, but in order to entirely remove any oppor-
tunity for reinvasion, pilots also needed to spray the portion of the fly belt that 
extended into neighboring Namibia (Hargrove 2003). Unfortunately, permission 
was not granted for such cross-boundary flights, and a corridor of reinvasion was 
made available to the fly. The inability to cross political boundaries, however, 
was by no means the sole culprit for the operation’s ultimate failure. The spray 
zones within the wetland were far too small, and movement between sprayings 
was not impeded to any great degree through the use of barriers, allowing the fly 
to avoid areas receiving aerial treatments (Hargrove 2003). Thus, despite nearly 
two decades of active suppression, inadequate management of the spraying 
campaign and poor coordination across political boundaries led to persistence of 
the fly in the Okavango Delta. In 2001, determined to eliminate the fly from the 
area, aerial spraying operations were renewed (Figure 9.1).

The second spraying operation, a campaign spanning 16,000 km2, took place 
during two periods from 2001–2002 with full backing of Botswana’s govern-
ment (Kgori et al. 2006). The first treatment occurred in the northern half of the 
Okavango Delta from June to September 2001, and the second treatment in the 
southern half from May to August 2002. The sheer size of the separate spray 
regions was an improvement upon the 1973–1991 operation, as it was much more 
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difficult for flies to seek refuge in untreated areas. The use of 12,000 deltame-
thrin-treated targets to create barriers separating spray zones also improved the 
second spraying campaign as fly movements were impeded and reinvasion made 
more difficult. Following the completion of this government-sponsored opera-
tion, no tsetse flies were caught in the area, allowing for claims of a tsetse-free 
Okavango Delta (Kgori et al. 2006).

The sterile insect technique (SIT) is another large-scale and internationally 
popular method for control. This technique, which relies on the use of radiation 
to sterilize male flies, has been advanced as a less destructive means of achieving 
control since only the target species is harmed (SIT, however, is used in conjunc-
tion with other techniques that may cause damage to non-target species). In the 
1950s, the release of artificially sterilized male screw-worm flies over the island 
of Curaçao successfully eliminated the screw-worm from the island and led to 
the use of sterilized male flies to eliminate the pest from the southern United 
States (Simpson 1958). Elsewhere, SIT eradicated the melon fly from Okinawa 
and the Mediterranean fruit fly from Mexico, Chile, and southern Peru (Townson 
2009). Such successes naturally spurred interest in the use of the sterilized male 
technique to confront the tsetse fly.

In Tanga, Tanzania in the 1970s, researchers supported by the US Agency 
for International Development set up a “fly factory” that produced thousands of 
sterile male tsetse flies per week. In this operation, unhatched male pupae were 
sterilized with small doses of cesium-137, and then released, sometimes 10,000 
each week, into the wild where it was determined that the sterilized males led 
to a decrease in the tsetse population (Broad 1978). More recently, the island 
of Zanzibar was declared tsetse-free in 1997 following the release of nearly 8 
million sterile male flies over the island from 1994–1997 (Figure 9.1; Nuclear 
News 1998). Other countries have also explored SIT, such as Ethiopia which 
recently spent roughly $12 million on a “fly factory” (Enserink 2007) expected 
to assist in tsetse eradication from 25,000 km2 of Ethiopia’s Southern Rift Valley 
by 2017 (Figure 9.1).

The costs of SIT are a barrier to implementation. In the successful use of 
sterile males over Zanzibar, nearly $6 million was spent from 1994–1997. This 
figure, while large, does not include the costs of establishing a facility to rear 
the sterile flies, nor does it include the costs of previous suppression work on the 
island (Molyneux 2001). Furthermore, Zanzibar, as an island, is an anomaly due 
to its natural barriers to reinvasion and presence of only one tsetse species. On 
the African mainland, SIT success is questionable with few natural barriers to 
reinvasion and the frequent presence of several tsetse species in the same area. 
The rearing of more than one sterile species, which would be required across 
much of Africa, for any SIT campaign would lead to a substantial increase in 
costs (Hargrove 2003). SIT is also only successful if the sterile males outnumber 
wild males ten to one (Enserink 2007), and in order to achieve this, traditional 
insecticidal techniques are still required. On the island of Zanzibar, the wild 
tsetse population had to be suppressed by 90 percent using traps and other tech-
niques before SIT could achieve its goal. This result has caused some skeptics to 
suggest that continued use of the control technique that has achieved 90 percent 
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control should be able to clear the remaining flies (Rogers and Randolph 2002). 
In this way, the economic burden of rearing sterile males would be avoided.

The aforementioned methods of ground spraying, aerial spraying, and SIT 
comprise the group of large-scale techniques. These were, and are, the methods 
that have given hope to the idea of Africa-wide tsetse eradication. However, 
since the 1970s there has been an ongoing decline in spending by African 
governments on tsetse and trypanosomiasis control (Hargrove 2000). This 
decline in funding has partly been the result of a reduction in donor support 
due to increasing donor concerns regarding the environmental consequences 
of large-scale control efforts and impatience resulting from witnessing only 
minimal improvements from large investments (Hargrove 2000). As donor and 
government support for control projects has waned, “community participation” 
has become a common phrase in aid projects (Catley and Leyland 2001). Under 
this approach, direct involvement from those benefitting from the aid program is 
encouraged. The African villager who has suffered the loss of cattle from tryp-
anosomiasis therefore becomes responsible for controlling the problem rather 
than an aid agency of the government. This shift from government-centered or 
donor-centered control to local control has predictably brought about a shift 
from large-scale to small-scale control techniques (Hargrove 2000; Torr et al. 
2005). The consequences of this shift have yet to be fully realized, but Torr et 
al. (2005) offer that in order to achieve elimination of tsetse, a return to large-
scale campaigns must occur.

PATTEC plays the role of coordinating continent-wide tsetse eradication 
across political boundaries, providing technical guidance to member coun-
tries, and obtaining financial and material support when possible (PATTEC 
2001). It promotes a variety of control methods, including aerial spraying and 
SIT, in order to attack tsetse in distinct fly belts across the continent (Kabayo 
2002). In a direct appeal to the donor community, PATTEC (2001) offered 
that the environmental impact of all eradication campaigns will be consid-
ered before implementation, and that, despite the substantial initial cost of 
the large-scale efforts, eradication is a “once-and-for-all cost,” while control 
costs recur indefinitely. Even with such announcements, the large initial cost 
of eradication may simply be too great for donors and governments given 
the long legacy of control failures. Consequently, the transition to cheaper, 
smaller, and more environmentally benign forms of control seems irrevers-
ible. These localized forms consist of three point-source methods of control: 
targets, traps, and insecticide-treated cattle.

The point-source practices
As mentioned above, the apparent success of the control effort in the Okavango 
Delta was largely due to the use of barriers to restrict reinvasion of sprayed areas. 
In that operation, tsetse attempts to reinvade the northern zone after treatment 
were prevented by a barrier of targets (screens sprayed with insecticides) set 
up between the two spray zones. This method of using targets and traps (the 
target’s three-dimensional counterpart) to impede the fly’s reinvasion efforts has 
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frequently been used alongside large-scale control efforts (Kuzoe and Schofield 
2004). More recently, traps and targets have been used alone due to the rise of 
community participation in control campaigns. These devices are effective when 
used alone (Hargrove 2003); however, their success hinges on their ability to 
provide an attractive visual and/or aromatic stimulant to lure in the fly.

The use of stimuli to attract tsetse to control devices has taken a variety of 
creative forms since the early 1900s. Several of these traps include the animal 
trap by Morris and Morris (Jordan 1986) and the “moving staircase” trap 
(Swynnerton 1933). However, the first successful use of visual stimuli to capture 
tsetse quite possibly took place on the island of Principe, off the west coast of 
Africa. Bulhões Maldonado, the estate manager of a cocoa and coffee plantation 
on the island, noticed that the tsetse on Principe were attracted to the backs of 
the plantation’s laborers (Maldonado 1910). In an innovative strategy to limit the 
fly’s presence in and around the plantation, Mr Maldonado ordered the laborers 
to wear black cloths covered with a “glutinous substance” on their backs (Figure 
9.1). The black cloths effectively mimicked the daytime shadows that flies seek 
when locating resting sites (Steverding and Troscianko 2004). Mr Maldonado’s 
strategy was successful: between April 1906 and the end of 1907, 133,778 tsetse 
were captured (Maldonado 1910), and in the process the use of visual stimuli to 
attract tsetse to control devices was born.

Regarding aromatic attractants, a progression of ideas similar to the devel-
opment of visual stimuli occurred. These advances included the use of live 
animal baits in the 1930s (Kuzoe and Schofield 2004), which has progressed to 
the contemporary method of chemical attractants, such as acetone, octenol, and 
synthetic phenols that mimic host odors (Leak et al. 2008).

The third form of point-source control, the deployment of insecticide-treated 
cattle, has also witnessed a recent surge in popularity. In this method, also referred 
to as cattle dipping, cattle are commonly sprayed with pyrethroids (Hargrove 
2003) along the parts of the body where the tsetse feed, typically the legs and 
belly (Torr et al. 2005). Using the host is an inexpensive and simple alternative 
to trapping and targeting devices, and the method finds allies in those advocating 
for smaller-scale, community-driven control efforts. With cattle dipping, often 
the livestock owner, rather than the government or a donor agency, is responsible 
for applying the insecticide and determining the frequency of applications (Torr 
et al. 2007). Thus, the individuals investing in the spraying of the livestock are 
also those receiving the direct benefit of control.

Like other tsetse control efforts the deployment of insecticide-treated cattle 
presents control efficiency challenges. The mere fact that cattle roam differenti-
ates them from other point-source methods of control, since it cannot be ensured 
that the entire control area will be equally served. From a financial perspective, 
ability and willingness to pay may also become an issue when expecting stock-
owners to purchase the insecticides sprayed on the cattle. This financial burden 
was calculated to be roughly $0.20 per animal per year when just the legs and 
bellies of cattle are sprayed (Torr et al. 2007), a considerable obstacle in sub-
Saharan Africa where it is not uncommon for 70 percent of the region’s popula-
tion, or more, to live on less than $2 per day (World Bank 2010).
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Conclusions: control versus eradication
The complexity of tsetse infestation and trypanosomiasis, the options for 
suppressing the vector, and the past and present social, political, and economic 
challenges of the disease system have been discussed in this chapter. In the 
process, a number of factors, ranging from fly reinvasion, colonial programs, and 
environmental interests, have been highlighted as contributing to the fly’s persis-
tence across sub-Saharan Africa. To give adequate attention to these diverse 
factors, the political ecology approach was applied to offer a social interpreta-
tion for the presence and perpetuation of both the disease vector and the larger 
disease system (Mayer 2000). 

Control efforts prior to World War II failed due to poorly designed policies, 
ineffective administration, lack of funding, and an inability to prevent reinva-
sion. Campaigns in the years following have likewise continued to suffer from 
limited funding and fly reinvasions; however, ideological differences centered 
on the end goal of tsetse suppression have further hindered the effectiveness of 
such campaigns. These differences, which are by no means unique to the tsetse 
fly (e.g., Gubler 1989 identified differing camps in the control of Aedes aegypti 
and its spread of dengue fever), have been of vector control versus eradication.

Continent-wide eradication was discussed earlier as the ultimate target of 
PATTEC, and an Africa free of the tsetse fly is undoubtedly a venerable goal. 
A one-time payment for eradication promoted in PATTEC (2001) is certainly 
appealing, and donors would naturally prefer projects with clear conclusions 
(eradication) rather than indefinite commitments (control). However, the 
current palate for tsetse control favors cheaper, more localized campaigns; 
thus, the large, “once-and-for-all” investments of eradication, as well as the 
need to conduct these campaigns at the national level and beyond leads to 
wavering interest in eradication from both donors and governments. Feldmann 
et al. (2005) lists more immediate concerns of governments, such as improve-
ment of roads, schools, and medical services, which often take precedence over 
medium to long-term eradication campaigns against the fly. Eradication, in 
addition, requires an exceptional level of coordination that seems to be down-
played in the PATTEC (2001) document where it is suggested that eradication 
can be achieved by simply locating and wiping out isolated “Zanzibars” across 
the African continent.

Reinvasion and/or persistence of tsetse at low population densities has 
disappointed many who may have optimistically believed that the tsetse fly 
had been eradicated from a particular area. In Zululand, southeast Zimbabwe, 
and even the island of Principe, the tsetse fly eventually returned after it was 
believed that the original population had been eradicated (Hargrove 2003). 
The ever-present problem of reinvasion has limited the willingness of donors 
to give to a cause that has historically failed and has made generating the 
support of decision-makers increasingly difficult (Feldmann et al. 2005). It 
also calls into question whether continent-wide eradication is an achievable 
goal. It is clear that the knowledge and methods exist to achieve eradication 
in tsetse pockets, but conditions, whether conflict, corruption, or geography, 
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in sub-Saharan Africa simply do not allow for continent-wide eradication. 
International organizations, private donors, and governments with conflicting 
goals limit the large investments needed to protect against reinvasion of 
cleared areas. Broad-scale campaigns versus campaigns with limited reach and 
programs with an emphasis on insecticides versus environmentally conscious 
campaigns are two such opposing views that reduce the efficiency of exog-
enous funding of efforts against the fly. Eradication also relies on cooperation 
within and among countries. During the 1960s and 1970s, Zimbabwe success-
fully cleared some areas of the fly; however, the country suffered extensive 
tsetse reinvasion during its push for independence (Jordan 1986). And without 
an equal desire for control from neighboring countries, campaigns carried 
out by individual governments succeed only within political boundaries, with 
reinvasion from across boundaries remaining a significant threat. PATTEC 
has a part to play in expanding control campaigns beyond political bounda-
ries. However, the political, ideological, and socio-economic differences and 
instabilities that exist among the countries in sub-Saharan Africa make conti-
nent-wide eradication a seemingly unreachable goal. For these reasons, the 
approach against the tsetse fly must be one emphasizing sustained control, 
with participation across geographical scales.

Sustained control quells concerns from the donor community that tsetse 
suppression campaigns are too destructive to the environment, as the point-
source techniques can be used to achieve this goal. Additionally, eradication 
efforts lead to large external debts for the country or countries taking on the 
ambitious task; on the other hand, sustained control can be achieved using 
methods far less financially burdensome, such as traps, targets, and trypanocides 
to treat herds in tsetse belts. Rogers and Randolph (2002) provide an estimate that 
the use of trypanocides is four times more cost-beneficial than any other tsetse or 
trypanosomiasis control method. Such methods allow the costs of control to be, 
at least partly, borne at the community level. And while eradication campaigns 
rarely leave infrastructure in place that could be used to control the fly if reinva-
sion occurs, the very nature of sustained control requires the continuous use of 
control infrastructure, such as traps and targets (Rogers and Randolph 2002). 
Therefore, sustained control avoids the large, ongoing (re)investments that 
accompany eradication campaigns when reinvasion inevitably occurs.

Tsetse and trypanosomiasis annually account for over $4.5 billion in losses 
across Africa (Oluwafemi 2009). This figure includes reduced milk and meat 
yields from cattle, the inability to use livestock for traction, and the limitation 
put on bringing additional land under cultivation. New control techniques such 
as the push–pull method (ICIPE 2010) and the identification of tsetse reser-
voirs (DeVisser et al. 2010) coupled with the continued use of point-source 
methods and trypanocides allow for the keeping of healthier livestock and the 
expansion of agricultural lands. These methods additionally suppress the fly 
in both an environmentally and economically responsible fashion. Through 
their sustained application, fly populations can be brought under control, and 
the burden of this neglected tropical disease made to weigh less heavily on the 
people of Africa.
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Note
1	 Tsetse rely on the presence of suitable habitat conditions for their survival. These 

conditions consist of proper land cover, climate, and food sources (Pollock 1982a, b). 
Preferred land cover types vary by tsetse species, with the morsitans group species 
preferring savanna and grassy woodland, the palpalis group species preferring 
mangrove swamps, lakeshores, and forests, and the fusca group species generally 
preferring thickly forested areas (Pollock 1982a). Climatically, depending on the 
species, temperatures between 19–28°C are preferred (Pollock 1982b). When temper-
atures rise above the preferred levels, tsetse seek shelter that helps to mitigate the 
higher temperatures (Leak 1999). As temperatures drop below the preferred levels, a 
“chill coma” sets in, which prevents tsetse from flying and eventually leads to starva-
tion (Knight 1971; Terblanche et al. 2008). Soil moisture levels must be adequate for 
pupa development (Pollock 1982b).

	   Tsetse primarily feed on wild ungulates and ruminants, including the warthog, 
bushpig, kudu, and bushbuck (Jordan 1986). They take a blood meal from a host 
every two to three days (Schofield and Torr 2002). Tsetse also feed upon humans and 
livestock, including cattle, sheep, and goats.
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10	 Geographies of HIV and 
marginalization
A case study of HIV/AIDS risk among 
Mayan communities in western Belize

Cynthia Pope

Introduction
Research and scholarship within the social sciences on human immunodefi-
ciency virus (HIV) have transitioned from focusing exclusively on risk groups 
within the early days of learning about the virus, to individual risk behaviors, 
and then finally to the role social environments play in encouraging or hindering 
HIV transmission. One of the more recent research frameworks, referred to as 
“social ecology,” highlights a growing awareness of the role of social, structural/
institutional, and environmental influences on HIV risk behaviors (Friedman et 
al. 2009; Jones and Moon 1993; Kearns 1993; Latkin et al. 2010; Latkin and 
Knowlton 2005; Parker et al. 2000; Pope et al. 2008; Tobin et al. 2010). These 
approaches are particularly salient for the field of health geography because they 
have delved into more nuanced ways of understanding how places constitute, as 
well as contain, social relations and physical resources.

Building upon this tradition within medical geography and health geog-
raphy, geographers Cummins et al. (2007) present a foundational argument 
for this chapter as they discuss how places can be construed in health geog-
raphy research as “relational.” This framework sheds light on how rural Mayan 
communities could be at increased risk for HIV and helps to reveal why HIV 
prevention and intervention programs in these communities have taken so long 
to institute. I advocate in this chapter against traditional social ecological views 
for two reasons. First, a tendency remains to describe rural communities as 
cohesive, and static units. Second, ethnicity is presented as a binding identity 
that dictates attitudes, practices, behaviors, and opinions. Instead, I argue that 
power structures are created, reified, and can also change at different scales and 
times within these communities, a viewpoint that corresponds to Cummins et 
al.’s (2007) “relational” approach to health and place. This relational view of 
place differs from a more conventional view in a number of important ways, 
including understandings of multiscaled definitions of place, the role of socio-
relational distance as opposed to physical distance, the mobility of individuals 
between places, changes in paths of access to certain resources over space and 
time, fluid versus static definitions of area, and the importance of social power 
relations and cultural meaning in determining territorial divisions (Cummins et 
al. 2007: 1827). The authors thus argue for a concentration on the “processes and 
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interactions occurring between people and places and over time which may be 
important for health” (Cummins et al. 2007: 1828; emphasis original). Further, 
they argue for a better understanding of the position of places relative to each 
other, as well as the flows of capital, culture, and people between places. Porous 
international and inter-community borders mean that movement is an important 
element of these relationships and of the social and disease landscapes of rural 
communities.

In this chapter I explore ideas of physical and symbolic locations of rural 
populations, historical segregation, cultural norms, and social structures 
in Belize that lead to indigenous marginalization and health risk. Belize’s 
current adult (age 15–49) HIV rate is approximately 2.7 percent, which ranks 
it as the second highest prevalence rate in the Western Hemisphere and 27th 
in the world (CIA 2011; UNAIDS and WHO 2010). While the country has 
received significant funding from organizations such as the Global Fund for 
HIV, AIDS, and Tuberculosis, the issues of rurality and ethnicity have meant 
that some populations who may be at risk for HIV are yet to be integrated 
entirely into HIV prevention, education, and intervention programs. The goal 
of this chapter is to use the lens of geography to analyze some reasons that 
rural populations, primarily those of Mayan descent, may continue to be at 
risk. The theoretical objective of this chapter is to explore the traditional 
exclusion of Mayans in HIV/AIDS discourse and policies in Belize. The struc-
tural invisibility of these individuals is couched in colonial and post-colonial 
history whereby coastal populations have been the focus and thus “privileged” 
in national HIV policy. Of course, ironically, to be privileged in HIV poli-
cies and thus distribution of funds is to be the population considered most at 
risk. While the coastal Garifuna, Afro-Belizean, and Creole populations are 
the focus of most HIV projects funded from abroad, the Mayan populations 
have been essentially considered outside the traditional purview of the virus. 
My contention is that historical models of social, economic, geographic, and 
political disenfranchisement of these communities have laid the foundation 
for increased HIV transmission. In this context, HIV risk is not a reflection 
of skin color or racial heritage, but rather of structural factors that I work to 
uncover in this chapter.

In order to accomplish this, I concentrate upon triangulating information 
from various written sources while relying on a variety of qualitative methods 
conducted in the Cayo Region, Caye Caulker, and southern Belize since 2005 
addressing economic dependency and women’s risk for HIV. The geographic 
isolation of many of these Mayan communities and their lack of participation in 
crucial sectors, such as health, government, and national education agendas, is 
noteworthy. Mayan communities are kept at the margin of HIV outreach efforts 
and attempts at national integration. Meanwhile their image is at the heart of 
recent development efforts, particularly in the tourist sector. I reveal in this case 
study of Belize that ethnicity, and HIV/AIDS risk and policy is the symbolism 
of ethnicity may increase certain communities’ risk for HIV, due to stereotypes, 
physical distance, and impoverishment that began in colonial times and continues 
to the present day.
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Social context of indigenous communities in Belize
For such a small territory (23,000 km2) with a small population (321,000), Belize 
is very diverse ethnically. Mestizos (those of European and indigenous ancestry) 
comprise approximately 49 percent of the population, Creole (Belizeans of 
African descent) comprise 25 percent, Maya 11 percent, Garifuna (ancestors of 
Carib “Indians” and Europeans) comprise 6 percent, and nearly 10 percent of the 
population is classified as “other,” which includes east Indian, Middle Eastern, 
Chinese, and Europeans (CIA 2011). While English is the official language, 
Spanish is spoken as a first language by 46 percent of residents, Creole by 33 
percent, Mayan dialects by 9 percent, English by 4 percent, Garifuna (also 
known as Carib) by 3 percent, German 3 percent, and other (such as Chinese) 
by 1 percent (CIA 2011; Statistical Institute of Belize 2010). While the geopo-
litical image of Belize may have an English-speaking face, the society appears 
to be becoming more like its Central American neighbors than its Caribbean 
ones. For example, the most recent data show that more citizens speak Spanish 
as a first language than Creole, and much more than English. The prevalence of 
Christianity in Belize is instrumental to understanding the dominant culture, and 
the country even has an official prayer calling on Jesus Christ to help in its devel-
opment (Belize Tourism Board 2011). Christianity is not indigenous to Mayan 
communities, creating an additional layer of difference between the indigenous 
and the descendants of the settlers who established political norms and economic 
hierarchies in the country. Roman Catholics make up 50 percent of the popula-
tion, Protestant denominations 27 percent, “other” religions (including Mayan 
and African religions) 14 percent, and 9 percent of the population identifies no 
religious affiliation (CIA 2011; Statistical Institute of Belize 2010).

Pre-Mayan and Mayan groups first populated Belize, and they reached their 
highest numbers during the Classic Period of 300–900 ad. The country was 
colonized in the 1500s by the Spanish, and then through treaty became part 
of the British Empire from 1862 until 1981 (Sullivan 2003). The British legacy 
is reflected in the official language, the system of government, membership in 
CARICOM (Caribbean Common Market—islands colonized by Britain, the 
education system, the legal system, and the social hierarchy. Discourses of 
ethnicity and definitions of “Belizean” have tended to favor the white popula-
tion and the coastal populations, many of whom are descendants of Africans. 
Although a new capital city was established in the center of the country in 
1970, the previous capital of Belize City, on the Caribbean coast, is still the 
center of many government offices, the country’s main hospital, and the head-
quarters of HIV testing centers and policy creation, such as the National AIDS 
Commission.

It is one of my contentions in this chapter that the British legacy is one of 
geographic marginalization of Mayans in the country. The highest poverty rates 
correspond to the two districts with the most Mayan residents (Toledo in the 
south is 57.6 percent Mayan, and Cayo in the west is 41.0 percent; National AIDS 
Commission 2006). The Mayans in the south (Kek’chi and Mopan) were native to 
the area and then fled into neighboring Guatemala when foreign loggers started 
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working on their lands without consent (Mayan People of Southern Belize et al. 
1997; Shoman 2000). They have since returned. The Yucatec Mayans arrived 
to the north and west of the country in the 1800s fleeing the Caste Wars on the 
Yucatan Peninsula. There has been no area of Belize that was not at one time 
under Mayan control (Sharer and Traxler 2005). Trade has always linked high-
land and lowland Mayan groups, and transborder movement (between Belize 
and Guatemala, in particular, and more recently between Belize and the United 
States) is a feature in these communities.

Mayans have never held significant political or economic power in Belize. 
Even if one looks at one of the most important symbols of any nation, the flag, 
Mayans are absent. The flag portrays a shield with two images—a black male 
agricultural worker and a white one. The image promoted is, ironically, one of 
agricultural exploitation and harkens back to a colonial racialized history where 
black and white men shaped the landscape.

Despite their absence on the flag, Mayan history, cosmology, and even traditional 
healing (Arvigo and Balick 1993) are being used to sell Belize as a tourism destina-
tion. Belize is still defining its post-colonial nationhood and identifying an economic 
niche in a highly competitive and globalized world (Santos 2000). Ironically, while 
Mayans have been marginalized from social services, they have been integrated 
into the most recent attempt for the Belizean development. “Mundo Maya” (Mayan 
World) and “La Ruta Maya” (The Mayan Route) are tourism programs based on the 
geographic legacy of Mayan civilization in Guatemala, Mexico, Belize, Honduras, 
Nicaragua, and El Salvador. Even the new capital built in 1970, Belmopan 
(Belize+Mopan Mayan) has been designed to resemble a traditional Mayan city, 

Figure 10.1	 Flag of Belize. 



182  Cynthia Pope

although few Mayans occupy positions of power in the national government nor do 
many (if any) live in the city or the surrounding areas. This fissure was true even last 
decade when Sutherland wrote:

While the tourist industry promotes with fanfare La Ruta Maya and the 
celebration of ancient sites in the Yucatan, Belize, and Guatemala, the Maya 
quietly carry on with their lives. It is always somewhat jarring when great 
play is given to the Maya as an ancient people while the living Maya are 
ignored or trampled in the rush toward archaeology …

(Sutherland 1993: 313)

However, promoting international tourism has the perhaps unintended conse-
quence of increased risk for HIV transmission through new sexual networks and 
sometimes the introduction of drug use into those new tourism communities. 
Padilla et al. (2010) call for greater attention to the context of sexual vulnerability 
in tourism and call the areas of increased tourism growth “ecologies of height-
ened vulnerability.” These ecologies play out in this case study in the interplay 
between tourists and rural Mayan communities in Cayo and Toledo districts and 
in the northern cayes. Additionally, the cruise ship industry leads to quick inter-
actions between foreigners and Belizeans, which sets the stage for transactional 
sex (Sutherland 1998). As happens in other tourist destinations in the Caribbean, 
people may migrate to these areas for work. Large-scale tourism, however, 
while most prevalent on the cayes, is developing in the southern part of the 
country with new resort construction. These tourism nodes where the majority 
of international tourists visit, such as the cayes, are increasingly characterized 
by ecologies of vulnerability as the low wages combined with opportunities to 
gain money through sexual activities may lead to increased exposure to sexu-
ally transmitted infections. Thus, one of the challenges for Belize is to increase 
its income while not increasing HIV transmission because the disease can be 
transferred from the tourism nodes to rural villages, as in other Caribbean and 
Central American countries. For example, it is not uncommon to have infections 
occur in the tourism nodes and then the infected individual returns to his or her 
home community, often leading to infection in that location (Kempadoo 1999).

Another mode of disenfranchisement includes a growing lack of access to 
resources. The Toledo Association of Mayans has noted that they have always 
felt on the economic margins of development plans and have had to fight for 
resources they feel are historically theirs (Mayan People of Southern Belize et al. 
1997). For example, foreign loggers and foreign evangelists are encroaching in 
southern Belize, breaking chains of indigenous knowledge systems, and pushing 
Mayans to cities for employment (Steinberg 2002, 2005). In one case, even 
though the government granted reservation status to the Mayan in the south, it 
was taken away without the village’s knowledge, and an Asian firm was granted 
logging concessions (Steinberg 2002).

To better gauge ecologies of risk in Mayan communities it is necessary to 
deconstruct how the image of Mayans is created. For example, Wilk (1997) notes 
an anachronistic portrayal of Mayans in Belize. Many anthropologists depict 
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“traditional” societies as living outside the boundaries of contemporary time 
and activities, for example working in subsistence agriculture and outside of a 
capitalist economy rather than in urban settings and relying on indigenous plant-
based medicine rather than allopathic medicine. Thus, Mayan societies represent 
how a society “used to be” and are often infantilized. However, recent work 
on Belize shows that Mayans, through a city-state form of government, have 
always integrated ideas, languages, and norms from other Mayan groups, and 
more recently, other Central American populations (Sharer and Traxler 2005). 
They have adapted to cash economies, new languages, and new agricultural 
and construction technologies. Most Mayans do not live separate from modern 
society, nor have they “collapsed,” as many textbooks report. As Shoman states, 
“the Maya were never finally ‘conquered.’ They have continued to recreate their 
civilization with accommodations and adjustments reflecting their particular 
environment” (Shoman 2000: 3). Indeed, Mayans are still living in the areas that 
they have inhabited for hundreds, and in some cases thousands, of years.

However, the notion of the “Pristine Myth” still dominates. This concept took 
the post-conquest history of the Americas and molded the image of indigenous to 
live in small-scale subsistence societies that rarely modify the landscape (Denevan 
1992). For example, Sullivan, through analyzing postcards and photographs, writes 
that “The Orient might be decadent lasciviousness, but the New Word is ageless 
virginal passivity” (Sullivan 2003: 321). If Mayans are depicted as “the imagined 
Indian” (i.e. passive and pure; Sullivan 2003) or as elements of a pristine landscape 
(Denevan 1992), is an assumption of Mayan asexuality running through health 
discourses? Could this assumption be not only because of lack of sexuality (and 
maybe an overemphasis on the assumption of African sexuality in Belize), but also 
because HIV has been portrayed as a disease of sin, a moral disease (Allen 2000), a 
“disease of modernity” (Bancroft 2001: 89)? Thus, if policymakers do not envision 
Mayans as modern, these cultures, and thus their communities, may be (unwit-
tingly perhaps) framed as immune to this new global virus, which is imbued with 
images of sexuality, marginalization, drug use, and sex work.

It therefore appears that Mayans in Belize represent a paradox. On one hand, 
their image as exotic is integrated into tourism campaigns. On the other hand, 
they may be considered so unique that they are outside the realm of allopathic/
Western healthcare delivery and disease risk, including HIV. While Belize is 
becoming a “modern” nation and shedding its colonial past, the needs of the 
indigenous are not at the forefront.

HIV prevention, transmission, and risk in Belize
The first case of HIV in Belize was diagnosed in 1986, and the country now has 
the highest HIV prevalence rate in Central America. The rate is nearly twice 
that of neighboring Guatemala and eight times the rate in Mexico. Cohen (2006) 
appropriately labels Central America as the site of an overlooked epidemic. 
UNAIDS and WHO report that the median prevalence rate is approximately 
2.1 percent.1 Several sources cite the tremendous under-reporting of stigma-
tized health conditions, such as HIV, in the region (Jaramillo and Gough 2005; 



184â•… Cynthia Pope

Wheeler et al. 2001). Despite the high prevalence rates, Belize’s HIV situation 
continues to be understudied in academic literature (PAHO 2010).

Policy-makers and statisticians have noted that the data in Belize are skewed 
geographically (Jaramillo and Gough 2005). If one were to believe the official 
HIV statistics then the Caribbean coast of the country would host almost all of 
the HIV cases. While it appears that the Garifuna population on the coast is hit 
particularly hard (Friedman 2007; N. Ken, medical doctor and HIV expert, 2005, 
personal communication), high HIV rates may be experienced throughout the 
country. For example, individuals who seek HIV testing often provide a Belize 
City address instead of their true district of residence, due to a fear of lack of 
confidentiality and stigma. Even when I attended a support group meeting for 
people living with HIV/AIDS (PLWHA) in Cayo district, I met many more than 
the five or so people reported by the Ministry of Health as testing positive for 
HIV in the district at the time (C. Orozco, co-founder of UNIBAM, Belize City, 
Belize, 2007, personal communication). Additionally, most people with HIV 
probably never get tested (C. Dominguez, Women’s Department officer, Cayo 
District, 2006, 2007, personal communication).

While voluntary testing and counseling sites exist in each of the six districts, 
most testing is conducted in Belize City. Thus, the data, and ensuing programs, 
are skewed toward urban and Afro-Belizean and Creole populations. Moreover, 
a recent billboard campaign focuses on girls and HIV risk in Belize City (see 
Figure 10.2). The campaign is forward-thinking as it links economic depend-
ence, sexuality, and structural issues to HIV risk; however, the campaign is also 
notable in that the targeted population is Afro-Belizean and urban.

Figure 10.2	 Billboard in Belize City showing that girls may need to engage in sex for 
money to pay for school tuition.
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Belize receives funding from the Global Fund for HIV, TB, and Malaria 
for distribution of antiretroviral (ARV) drugs. The most recent World Health 
Organization data estimate that 45 percent of those needing ARV therapy 
receive it (UNAIDS and WHO 2010). The medication is distributed at eight sites 
throughout the country, but the confounding factors of stigma and inaccessibility 
to these health centers (due to such things as distance, hours of operation, poor 
roads, lack of transportation) may lead to the low rate of coverage (UNAIDS 
and WHO 2010). Additionally, the remoteness of Mayan communities, as well 
as their small populations, could lead to more stigmatization over HIV testing 
and diagnosis than urban dwellers. For example, in a rural community it is much 
easier to see who is visiting a health clinic than in a crowded urban area, and the 
social connections are much closer than in urban areas. These two issues make 
confidentiality a concern, whether one is getting tested for HIV or any other 
condition. If one wishes to ensure a higher level of confidentiality, one must 
travel quite a distance, which may be monetarily or temporally prohibitive.

HIV studies and policy-makers in Belize note that conclusions about the 
major mode of HIV transmission in Belize are difficult to make due to incom-
plete reporting of information (Belize Women’s Department 2004; Cohen 2006; 
Jaramillo and Gough 2005). However, it appears the pattern of transmission is 
primarily heterosexual in nature, and the numbers of men and women infected 
is at about a 1:1 ratio (UNAIDS 2009). Several groups in Belize have been 
identified as being particularly vulnerable to HIV infection, including persons 
living in poverty, commercial sex workers (Kane 1993; Kinsler et al. 2004), 
persons living with sexually transmitted infections (STIs), youth (Goldberg 
2006; Vergara 2006), men who have sex with men, members of the uniformed 
services and incarcerated populations (Cohen 2006), and mobile and migrant 
populations (Bronfman et al. 2002). Mobility is an important factor in the Cayo 
and Toledo regions where many people go back and forth across the Belize–
Guatemala border to visit relatives, regional markets, commercial sex workers, 
and for employment. Also contributing to the country’s high HIV prevalence rate 
is a culture in which many men have more than one sexual partner. Additionally, 
high rates of sexual activity occur among teenagers, often without any method 
of contraception or disease prevention (Goldberg 2006). The low income of the 
country’s residents, one-third of whom have earn less than US$2,000 annually, 
also contributes to the spread of HIV. Thus, the confounding factors of rurality 
and poverty make Mayan communities vulnerable to HIV.

Language disenfranchisement is also a factor in the disease landscape of 
Mayan communities. Anthropologist McClaurin (1996) employs Elmendorf’s 
(1983) term “linguistic tyranny” to describe her inability to access Mayan women 
for her research in Toledo District. Since men speak English and/or Spanish, 
and are thus able to interact with those outside of Mayan-speaking communi-
ties, the majority of women are excluded from knowledge systems. Thus, if one 
does not speak Mopan or Kek’chi Mayan (most people do not), it is difficult if 
not impossible to communicate with women. This linguistic barrier keeps social 
workers and healthcare workers either outside the community or needing to filter 
the information through men in order to communicate with women. Gendered 
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language constraints make it a challenge to access certain types of information 
on structural vulnerabilities to disease. One type of information that is difficult to 
tease out is household violence. Much research has shown that domestic violence 
is linked to women’s economic subordination and thus linked to HIV risk. When 
one cannot control an income, or in this case lives in isolation, one is dependent on 
a male spouse or partner for cash income. The issue of abuse and non-monogamy, 
and having to submit to these, are common for women throughout Belize, and 
particularly in isolated indigenous communities (McClusky 2001). The Belizean 
government has recognized partner violence as a major issue in HIV vulner-
ability and has begun working to create policies to address it (PAHO 2010). In 
1993 Belize adopted a Domestic Violence Act making domestic violence punish-
able by law. However, according to the Women’s Department, domestic violence 
has not necessarily waned. For example, the Cayo Women’s Department insti-
tuted a program with police officers to respond to domestic violence as a crime 
and not treat it as a “family problem” (C. Dominguez, Women’s Department 
officer, Cayo District, 2006, 2007, personal communication). Judging from 
McClusky’s (2001) observations and my interviews with practitioners at Belize 
Family Life Association, the Women’s Department, and ProBelize (an interna-
tional non-governmental organization), the prevalence of violence may be high 
due to language barriers in reporting to police, lack of phones to call police, 
and gender norms. Women in abusive relationships may contract HIV from a 
partner who has become infected from sexual dalliances and transmits it to her 
through sex. If she requests a condom, she is often subject to abuse (or at the very 
least suspicion of being unfaithful). Even if she is worried about infection, she 
often has sex because of the economic necessity of a male partner (for a related 
discussion, see Chapter 13). However, one researcher observed the beginnings 
of a “young woman’s revolt” whereby some Belizean women are choosing not 
to get married and instead becoming professionals. This development may alter 
women’s risk for HIV as they may be able to choose to live alone and thereby 
reduce occasions of sexual acquiescence to a male partner (McClusky 2001).

Case studies of marginality and risk: HIV risk in San 
Antonio and Cristo Rey, Cayo district
In order to outline some of the dimensions shaping vulnerabilities to HIV among 
Mayan communities, as well as relational views of place, this section provides 
case studies from San Antonio and Cristo Rey in Cayo District. The villages of 
San Antonio and Cristo Rey, both in Cayo District, present coherent examples of 
a framework that prioritizes a “relational” approach to place and health attributes 
(see Figure 10.1). While I argue that Mayan communities may be at risk for HIV, 
in this section I highlight how two of these communities in Western Belize are 
resisting marginalization, which have the potential to shape the disease land-
scape in the future.

Cayo borders Guatemala, and the two areas are much closer culturally and 
historically to each other than Cayo is with the rest of Belize. However, many 
of the same structural conditions throughout Belize are also experienced in 
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Cayo. For example, NGO workers and Women’s Department officials have high-
lighted the high rate of violence against women (abuse, incest, and rape); the 
lack of economic opportunity for men and women; traditional gender norms that 
encourage young adolescent boys to cross into Guatemala to lose their virginity; 
and women crossing into Belize to have sex for money or to meet a “sugar 
daddy,” a wealthy man, to support them (E. Castellanos, president, Tikkun Olam 
non-governmental organization, 2010, personal communication; C. Dominguez, 
Women’s Department officer, Cayo District, 2006, 2007, personal communica-
tion). While injected drugs do not appear to be the most pressing issue in the 
Cayo region, infected needles could become a transmission route in the future 
given that Belize is one of the corridors through which drugs pass from South 
America and Mexico into the United States. In addition, this is the district with 
the second highest number of Mayan residents and is also the second poorest in 
the country. High poverty rates are often linked to high-risk activities, such as 
engaging in sex work to meet economic needs. Further, many Mayan villages 
have no access to healthcare or social services. Thus, knowledge about HIV risk 
and its cultural contexts may be limited to a small group of residents, health-
care workers, NGO workers, and educators. A local cultural activist found that 
HIV prevention campaigns often do not reach the Cayo Mayan communities 
since the virus cannot be seen, and those with the infection often appear healthy. 
However, the fear is such that PLWHAs often leave their home villages for fear 
of discrimination (Emily Tzul, outreach coordinator, Mopan Maya Community, 
Cayo District, 2010, personal communication).

Expanding on the notion of Mayans and disease vulnerability, the president of 
the NGO Tikkun Olam Belize wrote this in an email to me about her experiences 
in the area:

Belize has Mayan presence although sometimes I think that governments 
and donors and politicians forget that fact. Every week there are countless 
meetings with big name donors and they talk a lot about statistical facts and 
figures. Mayan women and young girls are never counted. The amount of 
statistical data in relation to Mayan women and HIV is in the neighborhood 
of nil—although there might be an iota there is not even the intent of focus on 
this issue. When I worked as an outreach officer for a USAID NGO several 
years ago, we would go into the Belize military camps to facilitate sexual 
and reproductive health (SRH) trainings and education sessions with one of 
our target populations which was uniformed populations (including Belize 
Defense Forces [BDF] soldiers, police, and firefighters). On several occasions 
when I went to these military bases, I would go into the neighboring Mayan 
villages. I noticed there were many young mothers with multiple children 
from multiple fathers—the fathers were all different BDF soldiers. These 
Mayan women and their risks for HIV infection from multiple partners are 
not being taking into consideration in any quantitative or qualitative research 
that I am aware of as I cannot track any useful or relevant information in 
regards to Belize Mayan women and anything related to SRH. It is only in 
the recent years that we see more involvement and openness from the Mayan 
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community in politics and in the fearless defense for their land rights against 
the government of Belize. My hope is that young Mayan women will have 
access to vital information that can help them achieve economic empower-
ment and the education they need to be successful in whatever field of work 
so they can live healthy lives making informed decisions about their SRH.

(E. Castellanos, president, Tikkun Olam, 2011, personal communication)

The villages of San Antonio and Cristo Rey, both in Cayo District, present 
coherent examples of a framework that prioritizes a “relational” approach to place 
and health attributes. While I argue that Mayan communities may be at risk for 
HIV, in this section I highlight how two of these communities in western Belize 
are resisting marginalization, which have the potential to shape the disease land-
scape in the future.

San Antonio is home to roughly 2000 people and is located several kilometers 
from the main town in Cayo District, San Ignacio, and a few kilometers from the 
Guatemala border. It is Yucatec Mayan and Mestizo (primarily from Guatemala 
and El Salvador), and the first population census was conducted by a Peace Corps 
worker in 2006–2007. The village is accessible by a road that is paved for a 
few miles and then turns into dirt and gravel. It serves as a stopping point on 
tourist treks to Mayan ruins and also a stopping point for Guatemalans coming 
into Belize on market days or seeking healthcare from indigenous healers. Cristo 
Rey is smaller and is on the same road to San Ignacio. These two villages are 
connected through family relations, travel routes, and a school. Both suffer a 
high rate of unemployment and a low level of school completion. Despite this, 
both villages have initiated progressive social programs, particularly in health.

The social context of San Antonio reifies the importance of Cummins et al.’s 
(2007: 1827) description of a “relational” understanding of place whereby terri-
torial divisions and infrastructure are imbued with social power relations and 
cultural meanings. Foreign encroachment is evident in San Antonio through 
the access that the road gives them (generally considered beneficial in terms of 
access to tourists and access to a larger town) and, particularly important for HIV 
transmission, evangelism. While Catholic churches have been a mainstay in this 
region (and historically have usurped indigenous Mayan religions), the encroach-
ment of evangelical churches on villages has far-reaching implications. In San 
Antonio one Catholic church existed, but since the late 1990s three Pentecostal 
churches have been built, recruiting heavily from the impoverished population 
by offering people clothes or rice for attending services. As religious groups run 
most schools in Belize, sexual abstinence is typically the foundation of health 
education courses (if any are taught). An interesting anecdote comes from one of 
the study participants who mentioned that her daughter’s Catholic primary school 
had a large mural of Jesus with the words “abstinence until marriage” underneath 
it. She said it was odd that a school that opposes sex education would draw young 
children’s attention to sex before they were thinking about it on their own.

Indeed, in many ways the school system in Belize still reflects the Spanish 
and British colonial legacies whereby the Church was to be the main provider 
of education (Lewis 2000). Given that secondary schools are only attended by 
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roughly half of the population, most people receive messages about sexuality 
and gender roles in elementary school. Despite the traditional infusion of religi-
osity in the schools, girls continue to become pregnant at a young age, and the 
Ministry of Health cites high STI rates (Pan American Health Organization 
2010). Unfortunately, the number of HIV cases is not known at such a local scale. 
I contend that the confounding factors of poverty and abstinence education may 
have created high-risk behaviors and environments for HIV.

However, local organizations are trying to create spaces of economic oppor-
tunity that may reduce HIV risk. Addressing economic dependency, the San 
Antonio Women’s Association shows a promising project to curtail HIV. While 
its main purpose is to raise money to build a new elementary school (the govern-
ment will not provide one), their recently established crafts group creates a 
way for women to earn their own money. This opportunity has the potential 
for women to leave abusive relationships where women’s economic dependency 
on their partners is the main reason for staying. This change could also curtail 
the rate of domestic violence since women become the primary breadwinners 
in the household. Indeed, many international studies have shown that women’s 
economic independence lowers their HIV risk rates (Greig and Koopman 2003; 
Pan American Health Organization 2010; Türman 2003). Thus, by using tradi-
tional organization techniques, women’s groups are going outside colonial 
systems of power to positively transform their community spaces.

Cristo Rey (“Christ the King”) primary school has responded in a different way 
to HIV risk. The primary school principal, a respected Mayan healer from San 
Antonio, integrated teaching in the Yucatec Mayan language, which had been 
prohibited by the national government from colonial times until recently. He also 
has been using traditional herbs found in the nearby forest to treat patients for 
various ailments and he stated that he is trying to develop the proper combination 
of treatments for autoimmune diseases, like HIV/AIDS (D. S. Canto, naturalist 
and school principal, San Antonio, Belize, 2005, personal communication). Many 
local people, including Guatemalans, see him as a type of primary physician. 
Along with a local non-governmental organization, the principal decided to resist 
the trend to keep HIV and its transmission routes hidden and highly stigmatized. 
Instead, he showed that there is room to resist the silence surrounding HIV in 
Mayan communities (Bolland 2004). One important project was organizing the 
primary school students into a parade with each student holding a hand-drawn 
placard addressing stigma and discrimination, two barriers to seeking HIV tests 
(Andrewin and Chien 2008; Pope and Shoultz 2010).

This is an excellent example demonstrating how this community is dynamic 
and that people have the ability to change a potentially stigmatized space into a 
safer space, where taboo issues of sexuality are discussed openly. By marching 
through the village, these children and their instructors brought messages to 
most of the households in a traditional way that information is passed in rural 
communities—through discussions and word of mouth (Cropley 2004).

The case studies of San Antonio and Cristo Rey demonstrate why a “relational” 
approach to geography and health is so useful in this context. For example, the 
“constellation of connections” between people and place is clearly shown. Not 
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only is the network between people living in Cristo Rey and neighboring villages 
evident in how they can change the education level about HIV/AIDS in the area, 
but it shows that the area is “imbued with social power relations and cultural 
meaning” and it is important to note that individuals in this village, like other 
rural Mayan villages, often travel to cities for work, healthcare, education, and 
market days (Cummins et al. 2007: 1827). Oftentimes, such as in Cristo Rey, 
relatives are located in bordering Guatemala, and thus the spaces of vulner-
ability for HIV or other transmissible diseases occupies a much larger space 
than official political maps indicate. This implies the necessity of cross-border 
and multinational HIV prevention cooperation that target the movement zones 
between countries. For example, in other parts of Central America, truck routes 
have been a primary mode of disease transmission because of the transactional 
sex work that takes place in the truck stops (Schifter 2001). Is this something 
that also occurs at official truck border crossings between Belize and Honduras, 
Guatemala, and Mexico? Do disease transmission opportunities also occur in the 
unofficial land and water crossings between villages on either side of the offi-
cial borders? At least one Belizean non-governmental organization is working to 
identify the border HIV transmission possibilities between Mexico and Belize. 
Perhaps once this is done there will be more official cooperation between neigh-
boring countries in the field of public health. From a more theoretical perspective, 
border crossing behaviors expand our notion of vulnerable spaces from a cohe-
sive regional or district perspective with defined political boundaries to a more 

Figure 10.3	 Students in an anti-HIV stigma parade in Cristo Rey.
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functional level of space that recognizes familial connections, social connections 
defined by a common history and language, and economic activities. 

Conclusion: returning to issues of marginalization and HIV 
risk in rural Belize
Belize presents an interesting scenario about post-colonial nation-building, 
cultural norms, and geographies of HIV risk. In this chapter I have drawn from 
multiple qualitative methods utilized in two communities in western Belize to 
situate Cummins et al.’s (2007) relational approach between health and space. I 
rely on recent HIV/AIDS risk literature to inform the ways in which ethnicity, 
power, and movement contextualize risk, and how these risky places can also be 
transformed into safe ones. Geographers are particularly well-placed to expand 
on traditional social ecology approaches to understand of how ethnicity, place, 
movement, and place-making become mutually constitutive processes that create 
and/or hinder HIV risky environments. Communities are not bound by physical 
geography; rather social and economic relations may lead individuals to work 
in tourism areas, to cities for education and services, and the closest population 
centers for market days. Thus, in this chapter I presented a case study of how 
historical structural marginality contributes to an ecology of HIV vulnerability 
and how this marginality is reflected or resisted by indigenous communities.

As I have argued throughout this chapter, marginalization of Mayan villages is 
due not only to their ethnicity and language, but also to their geographic distance, 
which influences their economic and political access. Part of this Belizean case 
study is the evaluation and promotion of “indigenous culture” according to 
the priorities and interests of the ruling, non-indigenous groups. Historically, 
colonial governments saw the indigenous as a roadblock to modernization, and 
the government continues to break agreements brokered to grant indigenous 
their reservations (Steinberg 2002, 2005). Their towns and villages are rural, 
and social services are difficult to access. From the viewpoint of historical and 
geographic disenfranchisement, it is not surprising that Mayans have not been 
included in the targeted population for HIV prevention and intervention. Indeed, 
language factors, cultural norms, gendered opportunities, and historical friction 
between indigenous groups and “outsiders,” have led to national health programs 
that do not cater to these communities.

These factors lead me to ask about the role of location; is it distance from 
former capital and current coastal HIV/AIDS “hotspots” that makes Mayan 
communities invisible? In other words, is it the symbolic or the physical distance 
that makes Mayans appear to be so “other” that they are not considered at risk, 
or is it the other historic factors that lead to these communities not being targeted 
for intervention? Conversely, by assuming that Garifuna and African cultures are 
cultures at risk, does this not reify notions of racialized risk in lieu of behavioral 
or structural risk? These questions encompass the various notions that Cummins 
et al. (2007) bring forth in a “relational” view of health and its physical context.

However, there are individuals and small groups that recognize and hoping to 
alter this indigenous geography of risk. These groups are staffed by Belizeans, 
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instead of relying on foreign NGOs for funding and staffing. For example, the 
Ministry of Health, the Women’s Department, Belize Family Life Association, 
the National AIDS Committee, and UNIBAM are taking steps toward using more 
localized knowledge systems in HIV prevention (National AIDS Commission 
2010). If they can increase the funding available to fight HIV in the country, and if 
they acknowledge that a potential epidemic extends beyond the Caribbean coast, 
then there is a chance that Mayan communities could be integrated successfully 
into culturally appropriate prevention and treatment programs.

While I use Belize as a case study for this chapter, the findings have broader 
implications for theory and policy application. I demonstrate a fruitful way in 
which social scientists and healthcare practitioners and policy-makers must tran-
scend the narrow confines of “social determinants” of health to include cultural 
and symbolic aspects in a suitable and holistic manner. I hope to have shown in 
this chapter that a relational approach to health and place is useful in this case 
study, and, additionally, that this case study of rurality, ethnicity, and national 
development adds evidence to this approach. To answer Cummins et al.’s (2007) 
call for expanded research, I highlight the ways in which Mayans relate to how 
places are produced and maintained and what this indicates for the health of 
individuals.

I add to this relational perspective the various ways in which differently 
scaled notions of power plays out vis-à-vis HIV risk. While I couch most of this 
chapter in terms of geopolitical power, I also demonstrate that intra-community 
and gendered power relations affect risk. This case highlights that new political 
ecological spaces have been molded and “safe spaces” are being created in Cristo 
Rey. Indeed, this spatialized and relational approach to risk can be applied to 
other places where indigenous are stigmatized with the goal of rendering the 
indigenous visible in national planning, unfettered from stereotypes, and with 
full rights and access to healthcare and conditions for well-being.
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1	 Note that the statistical analysis of data changed in 2008. For example, through 2007, 
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and WHO 2010). 
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11	 The mosquito state
How technology, capital, and state 
practice mediate the ecologies of public 
health

Paul Robbins and Jacob C. Miller

In 2003, the mosquito acquired new significance in the southwestern United 
States. The arrival of West Nile virus (WNV) and its first associated human 
deaths ushered in a rereading of the mosquito from an itchy nuisance to a poten-
tially life-threatening hazard. Mundane objects now required attention like never 
before. Swimming pools, irrigation canals, ditches, clogged gutters, and aban-
doned tires all became potential sources of a mobile public health hazard: the 
mosquito vector. In the state of Arizona, WNV went from a largely unantici-
pated epidemic situation to an endemic one in short order, where expectation 
of ongoing disease control quickly became a part of government obligations 
(Robbins et al. 2008).

This sustained hazard focused the energies of state officials and captured the 
concern of a transfixed public over the decade. In the wake of the disease, a wide 
variety of strategies were implemented by state agencies to address the problem. 
Sophisticated surveillance apparatuses were installed across dense urban areas. 
Notifications were issued in order to assuage public concern regarding the clouds 
of white fog projected from county pick-up trucks. Public health specialists 
roamed the streets disseminating information. Airplanes flew over residential 
neighborhoods looking for breeding hotspots. Predator fish were introduced to 
devour larvae. Investments in new technology were made by agencies increas-
ingly burdened with training field agents and technicians, maintaining equip-
ment and relations with industry, and organizing the logistics of trucks, sprayers, 
and databases.

The case and death rates in Arizona have risen and fallen in the years since 
2003, as shown in Table 11.1, and while reported cases have fallen steadily 
nationally, those in Arizona have not declined overall. In 2010, seven years into 
the outbreak, the CDC reported 167 West Nile virus human infections in the 
state, resulting in 15 deaths, 26 percent of the reported deaths in the US that year 
(United States Center for Disease Control 2011a). Though the hazard has not 
come to exceed the severity of some other health risks—21 children drowned in 
Arizona in 2010 (Arizona Republic 2011)—the management of mosquitoes has 
become a state imperative.

As a result, sets of highly diverse strategies have been innovated by local and 
regional authorities. The resulting patchwork of mosquito control efforts varies 
widely in their concentration on larviciding versus adulticiding, information 
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versus state control, and choices of technology and strategy. This raises funda-
mental questions regarding the role of the state in protecting public health. What 
priorities and metrics lead to the selection of technologies designed to address 
vector borne disease and protect public health? Conversely, how do technological 
choices direct the local and regional state commitments to certain vector knowl-
edges and practices? When and why do state strategies differ?

In this chapter, we explore the relationship between state priorities and tech-
nological choices in the state of Arizona in the wake of WNV outbreak since 
2003. We specifically draw upon comparative examination of the activities and 
attitudes within three county management agencies: Maricopa County Vector 
Control (a county environmental service), Yuma County Pest Abatement District 
(a pest abatement district), and Pinal County Environmental Health Services (a 
county health service). Using interviews with professional mosquito managers 
and examination of agency budgets and inventories, we seek to address two 
questions: (i) how state agents become committed to specific modes of manage-
ment, and (ii) the extent to which those modes of management crystallize around 
institutional practices geared towards material technologies and investments. In 
doing so, we hope to better understand how both state and capital are impli-
cated in complex networks that involve human and non-human actors—such as 
backyards, abandoned tires, irrigation canals, clogged drains, abandoned pools, 
adult mosquitoes, mosquito larvae, trucks, computers, chemical companies, and 
capital—and what these might mean for public health.

The situation in southern Arizona provides an excellent test case for state 
responses to novel disease risks. By confronting a mosquito hazard that was here-
tofore unknown in the state, relative to more well-developed mosquito abatement 
traditions in states like Florida (Patterson 2009), the evolution of Arizona insti-
tutions demonstrates how state institutions adapt and develop health capacities 
“on the fly,” in the midst of an emerging problem, a model for any number of yet 
unanticipated disease problems that demand innovative adaptation (Miller et al. 
1998). So, too, the central state mandate from the Arizona Department of Health 

Table 11.1	 Reported West Nile virus activity in the state of Arizona and the United 
States, 2003–2010

Year Arizona 
cases

Arizona 
deaths

AZ cases 
per mill

US cases US deaths US cases 
per mill

2003   13   1   2.0 9862 264 32.1
2004 391 16 60.2 2539 100   8.2
2005 113   5 17.4 3000 119   9.8
2006 150 11 23.1 4269 177 13.9
2007   97   6 14.9 3630 124 11.8
2008 114   7 17.5 1356   44   4.4
2009   20   0   3.1 720   32   2.3
2010 167 15 25.7 1021   57   3.3

Source: United States Center for Disease Control (2011b)
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Services is not to dictate or over-rule county programs or initiatives. As such, the 
autonomy of local jurisdictions allows separate, parallel, and divergent strategies 
to form, presenting analysts with the opportunity to comparatively assess what 
influences state priorities, within a similar overarching ecological context (Shaw 
et al. 2010). Additionally, southern Arizona presents a situation where relative 
aridity (less than 500 mm of annual rainfall) has not fully hindered the develop-
ment of mosquito populations. This is a result of the anthropogenic sources of 
mosquito breeding sites including both irrigated agricultural zones and urban 
areas, where landscaping, pools, and drainage provide ample habitat. This situa-
tion is also far from unique. Urban infrastructure is a key variable in determining 
mosquito abundance worldwide (Deichmeister et al. 2011), even while rural 
agricultural land covers can also maintain mosquito populations (Bowden et al. 
2011). Rural–urban variability in southern Arizona provides further insight into 
the comparative hazard profiles of emerging anthropogenic ecologies, therefore.

The research described here, addressing this region through comparative 
county analysis, is based upon interviews with lead managers of Maricopa 
County Vector Control, Yuma County Pest Abatement District and Pinal County 
Environmental Health Services conducted in fall 2009, followed by email 
queries for all managers, a formal survey of management priorities at all three 
regional offices, an examination of recent agency budgets, an examination of 
lists of current equipment, and an interview with a lead manager at the statewide 
Arizona Department of Health Services.

Using the results of these to characterize the strategies in each county, and 
observing these as path-dependent outcomes rooted in contextual political 
ecologies, we conclude that, as the state struggles to engage the complexity of 
disease vector insects, it necessarily simplifies the natural world, selecting tech-
nologies of surveillance and control. Simultaneously, the proliferation of control 
technologies comes to direct state priorities and activities. These engagements 
are both mediated, moreover, by flows of capital that traverse state operations. 
The resulting ad hoc innovations of local-level bureaucracies tend to make them 
specialized in their outlook and programs, prone to capture by capitalized inter-
ests, and somewhat isolated from public knowledge and feedback. This problem-
atic intersection of institutional habits, political economy and mosquito ecology 
presents problems for health management under conditions of rapid change.

Mosquito ecology and management technologies in southern 
Arizona
The case of the mosquito in the arid US southwest is paradigmatic of state 
learning amid ecological complexity, since it is a place where insect problems 
are increasing rapidly and confronting historically under-prepared management 
institutions. Despite the aridity of southern Arizona, the region has long been 
the center of mosquito-borne problems and epidemics (Dobyns 1976; Kessell 
1976). Only through the transformation of water tables, loss of wetlands, and 
pioneering use of dichlorodiphenyltrichloroethane (DDT) did mosquito popu-
lations decrease in the mid-twentieth century (Russell 2001: 154). Mosquito 
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populations rebounded in the late twentieth century, however, with the cessation 
of DDT fogging (Reiter and Gubler 1997) and the proliferation of new habitats: 
neglected swimming pools, unmaintained fountains, shade trees, solid waste, 
and restored wetlands (Karpiscak et al. 2004). By the late 1990s mosquitoes were 
on the rise throughout the region, though mosquito borne diseases were far from 
the policy agenda of managers.

Since 2003, this state of affairs has been fundamentally challenged. 
Specifically, the region has seen the increase in several species, including Aedes 
aegypti and Culex quinquefasciatus in residential areas. Surveys in and around 
the region have revealed that Ae. aegypti, the mosquito responsible for trans-
mitting dengue, has colonized many cities and towns (Merrill et al. 2005) and 
viable eggs have been found in and around 46 percent of surveyed residences 
(Botz 2002). C. quinquefasciatus, found in both wetland and residential areas, 
continues to feed extensively in the region on humans and birds, presenting a 
serious West Nile risk (Zinser 2004; Zinser et al. 2004). West Nile virus arrived 
in Arizona in 2003, and in 2004 Maricopa County experienced an unprecedented 
outbreak of over 350 cases.

State response has been dramatic, but has proceeded through several, neces-
sarily differentiated strategies, specifically including adulticiding of mature 
mosquitoes through aerial fogging, larviciding at water-based breeding sites, 
and provision of public information and behavior control. The heterogeneity of 
technological options is borne in part by the breeding cycle of the mosquito itself.

Though the habits of disease vectoring mosquitoes vary significantly by 
species or physiotype (Briegel 2003), the overall population cycle is generally 
similar. Adult females fly in pursuit of blood-meals rich in iron and other nutri-
ents to support reproduction, incidentally contracting diseases (obtaining WNV, 
for example, by biting infected birds) and often transmitting them to humans in 
the process. These females lay “rafts” of several hundred eggs on water surfaces. 
The specific characteristics of water bodies may vary, though stagnant pooling 
with persistence over several days is ideal. Water bodies need not be very large 
to provide habitat. Retention basins of any size, such as from irrigated farming 
culverts to buckets and birdbaths, can become the wellspring. In these contexts, 
eggs hatch into larvae, which develop near the water’s surface, clinging through 
surface tension and obtaining air through a snorkel-like siphon. Emerging 
through a pupal stage, individuals then leave the water and take flight as imma-
ture adults (Spielman et al. 2001).

The central problem posed by this reproductive cycle is that the insect’s behav-
iors and habitats vary over its life course, with habits and conditions that are alter-
nately amenable or invulnerable to differing management techniques. Abatement 
strategies therefore correspond to specific phases in the mosquito’s life cycle.

Measures taken to obstruct the link between the adult mosquito and the next 
batch of eggs, for example, specifically target the reduction of widely dispersed 
water sources, ranging from bird feeders and discarded tires to bends in washes 
and arroyos. Vector control agencies address these, therefore, in part through 
public outreach campaigns and by distributing information regarding the spatially 
and environmentally diverse nature of mosquito breeding locations. Agencies 



200  Paul Robbins and Jacob C. Miller

seek to generate among the public a self-disciplining population of citizens who 
diligently clean out clogged gutters, drain stagnant swimming pools, and replace 
water in birdbaths (Shaw et al. 2010: 376).

Once mosquito eggs are laid, however, other institutional practices come to 
the fore: specifically monitoring sites and addressing larval development. When 
water bodies are located and are found to have larvae, a site might be logged in a 
GIS database and continually monitored. Sites might then be treated using chem-
ical larvicides or oily surfactants that break surface water tension and effectively 
drown larval populations clinging to the water’s surface. Chemical briquettes 
are deployed from backpack applicators or distributed from aerial vehicles. This 
approach also has a long history (Darling 1912).

Where and when larvae develop into flying and biting adult mosquitoes that may 
carry disease, a differing set of practices emerges. Vector control agencies supply 
information to the public regarding the simple measures that can be taken to reduce 
mosquito bites (e.g. wearing long sleeves or installing screens on house windows). 
Monitoring moves to direct trap counts of flying mosquitoes in suspect and sampled 
areas, utilized to check population densities and the presence of specific diseases.

Where a threat is identified by an agency, either through numbers of trapped 
mosquitoes, presence of a positive disease test case, or local complaints, ultra-
low volume (ULV) truck-mounted adulticide (pesticide) foggers are directed to 
areas of concern. These machines project a blanket of adulticide fog aimed at 
potentially infected adult populations.

Significantly, each of these approaches requires differential investment in 
equipment and training provided by private vendors. A large number of compa-
nies are therefore deeply integrated into agency decision-making and strategies, 
providing sprayers, foggers, larvicidal and adulticidal chemicals, as well as GIS 
software and GPS hardware. These companies are typically national, albeit inde-
pendently-owned, and field teams of technicians maintain ongoing contact with 
state, county, and municipal client agencies.

The development and maintenance of these relationships is facilitated by the 
State of Arizona Department of Health Services, whose annual disease confer-
ence and workshop dedicates a full day to promotion and interaction with private 
companies and where venders distribute promotional pamphlets and sometimes 
provide live field demonstrations. All field technicians who work with chemi-
cals are required to fulfill six hours of continued education each year, which 
the meeting fulfills. This institutional requirement brings managers and techni-
cians into an arena where technology and equipment is marketed and advertised, 
forming a somewhat captive audience for the vector control industry.

This pattern of relationships between state actors and private vendors is not 
unprecedented in United States vector control. In states with long histories of 
mosquito control, typically those where real estate and settlement development 
have depended heavily on mosquito nuisance control like Florida, such close 
relationships are long-standing (Patterson 2009; Robbins and Marks 2011). Even 
so, the relatively disaggregated scale at which this occurs in Arizona is notable, 
as is the absence of established norms to govern these relationships, or a public 
venue to adjudicate technological priorities. The result is a situation where firms 
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hold significant power over the direction and selection of equipment and overall 
abatement strategies.

In the end then, the differentiated and morphologically diverse moments in 
mosquito life cycles present state managers with divergent socio-environmental 
problems, and demand differential commitments to public communication 
(breeding site control versus risk behavior education), forms of chemicals (larvi-
cide versus adulticide), and forms and applications of equipment and software 
(foggers versus backpacks; GIS to monitor water sites or to track treatments and 
trap counts). Each such commitment requires interactions with differing actors 
in the private sector (homeowners versus pesticide companies) and differing 
demands of staff time and limited resources. Given socio-ecological differences, 
how might we predict the technological choices of agencies to influence or be 
influenced by habits in governance and the exigencies of state power? A brief 
review of the question stresses the historical tyranny of state simplification but 
also the critical role of past technology choices in directing future decisions.

Technologies, states, and insects
By way of definition, we follow Langdon Winner (1977: 8–12) in understanding 
the term “technology” to refer to the sphere of “rational” and “efficiency-seeking” 
methods in human society (here following Ellul 1964). This construct includes 
both physical apparatus of technical performance, like backpack sprayers and 
GIS databases, as well as “purposive, rational, and step by step” techniques, 
like the skills and procedures used to trap and categorize insects, as well as the 
knowledge to operate a truck-mounted fogger.

We simultaneously embrace the term “state,” following Michael Mann (1984) 
and others, to refer to a politically sovereign institution, organized through 
a central authority, with both responsibility for, and monopoly power over, a 
defined and bounded territory, and the people and things contained within. Here, 
we include the specific agencies charged with managing vector-borne diseases 
and mosquito populations, as well as the bureaucratic and jurisdiction condi-
tions and motivations to which these respond. So too, however, we acknowledge 
recent insights in political geography that suggest that the state does not act as a 
coherent organism and is only realized through the day-to-day practices of ordi-
nary functionaries, including individual vector control agents and health infor-
mation officials: the “everyday state” (Painter 2006).

So understood, the relationship between technology and state power and prac-
tice has long been a matter of concern. It has received increased attention in recent 
years, however, as apparently intractable hazards seem to proliferate through 
modernization, economic growth and urbanization (Beck 1992). Each strategy, 
technology, and activity a bureaucracy undertakes forces it to develop expertise, 
knowledge, and investment in a mode of governance. These impacts hold impli-
cations for the state’s capacity to learn, adapt, and solve problems. In the context 
of accelerated economic and environmental change, these tendencies have been 
suggested to be problematic (Robbins et al. 2008). This difficulty is especially 
true for vector control, where the dynamic ecologies of animals (e.g. rabid dogs), 
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insects (mosquitoes carrying WNV), and dirt (e.g. soil containing spores of 
Valley Fever fungus, Coccidioides immitis) intersect with state power.

The state has been observed to consistently simplify such ecologies, leading 
to problematic technological choices. As James Scott argues in Seeing Like a 
State (1998), the modern state works to control environments and populations 
through administrative tools allied with instrumental logic and scientific reason. 
These tools order complexity using inevitably reductive categories and gridded 
cartographies that ultimately fail in achieving the state’s goals precisely as a 
result of their totalizing “tunnel vision.” The hallmark of these state practices 
is technical knowledge or “techne,” the privileged optic of operation, “based on 
logical deduction from self-evident principles” (Scott 1998: 317). Conversely, 
Scott (1998: 320) describes “metis” as an operating register that is not universal, 
but always “contextual and particular,” a kind of localized knowledge at risk of 
disappearing as the capitalist state expands its grasp.

Other scholars of state and technology proceed from a reverse direction, asking 
whether technological commitments produce state outcomes. In Autonomous 
Technology (1977), Langdon Winner argues that the political field in advanced 
industrial societies is fundamentally shaped by sophisticated technological 
systems; a “technological imperative” informs political choices (Winner 1977: 
251). In this scenario, technology is more than passively used to achieve state 
ends, but returns to the political arena as a directing force itself. While Winner 
acknowledges that the need for a specific technology is not free from “stimula-
tion and manipulation” (Winner 1977: 248), as in advertising, his primary expla-
nation of techno-politics rests with the possibility of autonomous technology. A 
test of whether or not a technological system has become autonomous is by deter-
mining if the original goals of an agency, for example, are reverse adapted by 
the adoption of a technology in a way that suits the needs of the technology itself.

These two models of state and technology influence the discussion of mosquitoes 
and public health in the literature. Eric Carter’s (2008) work on mosquito control 
and state apparatus in Argentina in the late nineteenth century and early twentieth 
century, for example, shows how malaria control provided an only recently consol-
idated national state an opportunity to extend its power into previously unincor-
porated provinces, “building and maintaining the bureaucratic structures of state 
science” (Carter 2008: 280–281). At the same time, however, Carter stresses that 
the habits of public health practitioners began to possess their own momentum, as 
they became deeply invested in the techniques and technologies they deployed.

Theory and history, therefore, point to dialectics between technology and state 
power. What implications does this dialectic have for public health? How does 
technology shape state vector control?

Contexts of state ecology: the study region in Arizona
For purposes of this analysis, we compare the differential contexts of three sub-
regions: the agricultural west (Yuma County), the burgeoning urban “Valley of 
the Sun” (Maricopa County), and the sprawling suburban uplands of the central 
East (Pinal County).
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As shown in Table 11.2, in many respects, these regions are similar in condi-
tions relevant to mosquito breeding and survival. All are water-scarce, depend 
heavily on monsoonal moisture for most of the average annual rainfall, and 
have summer temperatures warm enough to maintain large seasonal mosquito 
populations. All have winter temperatures low enough to deter overwintering 
of mosquitoes. Most critically, the mosquito season is one that is delimited in 
all three counties by the timing and spacing of the southwest monsoon, in which 
summer low pressure draws moisture from the south, typically creating a distinc-
tive rainy season between July and September, during which more than a third of 
the region’s precipitation (mean annual ~300–400 mm) occurs. The entire region 
is therefore prone to wide inter-annual precipitation variability, as well as spatial 
unevenness, causing some areas to experience flooding while others remain 
bone dry (Arriaga-Ramirez and Cavazos 2010; Lizarraga-Celaya et al. 2010). 
Key differences are also in evidence, however. The climate in Yuma County is 
notably drier than Maricopa and Pinal Counties. Mean annual temperatures are 
lower in Pinal County, moreover, owing to its relatively higher elevation.

It is critical to acknowledge, however, that these climate differences are often 
immaterial since mosquitoes depend heavily on highly specified micro-climates 
for reproduction. Recent comparative modeling has demonstrated that in already 
water-stressed southwest areas, warming or drying trends may have negligible 
impact on mosquitoes, owing to dependence on permanent anthropogenic 
breeding sites (Morin and Comrie 2010). Overwintering of mosquito eggs has 

Table 11.2	 Differing social and ecological indices in study counties

County Yuma Maricopa Pinal 

Population: 2010a 195,751 3,817,117 375,770
Population density: 2010 (per sq. mile)a 35.5 414.8 70.0
Population growth rate: 2000–2010 (percent)a 22.3 24.2 109.4
Workforce in farming, fishing and forestry: 2005–
2009 (percent)b

5.7 0.2 1.9

Agricultural sales: 2007 (thousands $)c 959,968 813,491 799,811
Total housing unitsd 87,850 1,639,279 159,222
Housing units that received a foreclosure filing in 
March, 2011e

1/438 1/141 1/99

Mean precipitation in inches, 2000–2010, 12 
month period ending in Januaryf

4.27 8.21 10.11 

Mean temperature, degrees F, 12-month period 
ending in Januaryf 

73.48 71.26 69.56

Sources:
a	 United States Census Bureau (2011a);
b	 American Community Survey five-year estimate, US Census Bureau (2011b);
c	 United States Department of Agriculture (2011);
d	 United States Census Bureau (2011b);
e	R ealtyTrac (2011);
f	 Prism data, WRCC, accessed with WestMap; PRISM Climate Group (2011)
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been similarly associated with urban housing (Botz 2002) and mosquito survival 
depends on air-conditioning and evaporative coolers, outdoor vegetation cover, 
and access to piped water (Hayden et al. 2010). Thus, the material specificities of 
micro-scale anthropogenic ecologies (e.g. standing water, drains, or abandoned 
pools) provide an enormous counterweight to any ambient temperature and rain-
fall conditions.

In this regard, the subtle socio-ecologies of the subregions become more 
relevant. Yuma’s preponderance of agriculture poses a specific environmental 
context for management, stressing large, contiguous, irrigated landscapes, 
spread over dispersed human populations. Conversely, the dense urban areas 
of Maricopa County present patchy, artificially landscaped features and urban 
drainage, determined by the decision-making of nearly 4 million people, whose 
aesthetic and economic decisions govern more than 1.5 million housing units. 
The fast-growing but widespread suburban populations of Pinal County repre-
sent a very different challenge, notably including a 21 percent rate of residential 
abandonment in the 2010 census, with 1 in 99 homes receiving a foreclosure filing 
in March 2011. Abandonment of private property leads to neglected mosquito 
breeding areas and poses a serious challenge for managers. Though it is difficult 
to know the precise impact of such conditions, they represent a stark contrast to 
the irrigated fence lines of Yuma.

These three counties therefore share similar controlling climatic conditions, but 
highly differentiated socio-ecological contexts for mosquito managers. Within 
these divergent socio-ecologies, state actors are forced to make commitments 
of limited resources to differing strategies and technologies in order to govern a 
health threat with little regional precedent. This comparative context makes it is 
possible to ask, therefore, why differing state institutions select specific insect-
control technologies and how those technologies impinge both on regional health 
as well as state capacity and function.

Mosquito state(s): institutional practices and material 
technologies
The three agencies examined below are representative of highly differentiated 
contexts for decision-making. As noted previously, Maricopa County Vector 
Control (MCVC) is situated in a dense, wealthy, and fast-growing urban corridor. 
Yuma County Pest Abatement District (YCPAD) has jurisdiction over a more 
rural region at the edge of the intensely cultivated Imperial Valley. The area of 
operation for Pinal County Environmental Health Services (PCEHS) is a largely 
suburban corridor spanning the space between Phoenix and Tucson. Each agency 
operates with different kinds of expertise as well as different resources that 
frame their manifestations of the mosquito state. Table 11.3 shows the response 
of agency directors to a request to rate agency activities in terms of importance 
to their operations.

As shown in Table 11.3, many activities are universal to mosquito control, 
including monitoring, larviciding, and responding to complaints. But important 
differences are also evident. Where adulticide fogging is critical in Maricopa 
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County, it is less so in other counties. Maintaining contact with vendors and 
using GIS technology are least important in Pinal County, and such interactions 
are far more important elsewhere. Public communication and educational efforts, 
conversely, are most important in Pinal and far less important in other coun-
ties. A brief comparison of the commitments of each agency helps explain what 
internal logics support these divergent practices.

Maricopa County Vector Control

Maricopa County is one of the fastest growing urban areas in the country. It 
also has the largest budget for vector control at $2.2 million in 2009. Changes 
in the suburban landscape have made many parts of the city subject to mosquito 
infestation. While a variety of techniques are used—following an integrated 
vector management paradigm—our interviews reveal differential preferences 
for control borne out in the specifics of day-to-day operations.

While MCVC does include educational information on their website that 
encourages the public to act in ways that reduce mosquito breeding sites, their 
daily practices focus on surveillance and mobilization. MCVC focuses the bulk of 
their time, energy and resources on monitoring and destroying the adult mosquito. 
In 2005, shortly following the arrival of WNV and the first WNV-caused human 
death, this agency received over two million dollars in emergency funds from 
the state government to address the issue. These funds were used to add staff 
and equipment, adulticide foggers and trucks. Spread out like a grid over the 
city, a system of CO2 mosquito traps is monitored weekly to check the number of 
specific mosquito species and to test for WNV.

While MCVC responds to public complaints, the “vector fleet” is mobilized 
only in instances of an exceedingly high number of mosquitoes found in a 

Table 11.3	 Responses of managers in three counties when asked to rate the importance 
of mosquito abatement techniques

MCVC YCPAD PCEHS

Monitoring traps M M M
Larviciding M M M
Responding to complaints M M M
Adulticide fogging M
Driving around and looking for potential breeding sites M M
Maintaining contact with VCI vendors L L
Talking to home builders about home and yard design L
Using GIS L
Giving educational presentations at home owners 
associations, trailer parks, etc. 

L M

Driving around and talking to people about vector control L L M

Note: L represents “least important” or “unimportant,” and M represents “most important.”
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single trap or if a positive case of WNV is found. Then, a warning goes out to 
the neighborhood and a driver is assigned to fog a grid-square corresponding 
to an acute signal in the system. Each truck is equipped with a heavy-duty 
ULV adulticide fogger with automatic flow-rate adjustment and a GPS linked 
to the mainframe GIS system back at headquarters. Following the WNV 
outbreak, the size of this fleet increased from 6 trucks to 23. When asked 
what the most important pieces of equipment are for MCVC’s operation, the 
responding manager asserted: (i) trucks, (ii) adulticide foggers, and (iii) larvi-
cide applicator backpacks. Our discussion of these techniques suggested that 
the use of this expensive equipment has been embedded in the way that MCVC 
understands effective management strategy. The manager drew on the institu-
tional memory of the agency and elaborated on the self-evident common sense 
of MCVC’s approach:

Since the beginning … when they used the thermo-foggers in the 1960s and 
even earlier … we have used these technologies to get the chemical out there 
and treat the adult mosquito population … It is really pretty simple. You have 
an engine and air compressor that delivers the chemical. It hasn’t changed 
that much and probably will always be that easy. 

(Maricopa County Vector Control official, September 2009)

Thus, in the resource rich environment of Maricopa County, the Vector Control 
agency has developed a strategy of rapid response and mobilization that deploys 
an arsenal of vector control equipment: trucks, traps, and foggers. These techno-
institutional practices revolve around managing an extensive GIS-supported 
grid of traps and the deployment of trucks for the application of adulticide fog. 
MCVC was the only agency that reported adulticide application as one of the 
“most important” abatement strategies.

Simultaneously, this approach largely eschews depending on the public for 
information, especially complaints, or indeed acknowledging local knowledge 
in any form. Indeed, interviews with managers suggest that the removal of 
human judgment in dealing with mosquito problems is essential. One respondent 
described a future in which the vector response system is fully automated, with 
CO2 traps automatically triggering self-guided GPS-driven foggers that would 
treat effected neighborhoods with machine-calibrated doses. This notion of tech-
nological currency is a common trope. As a MCVC agent explained:

We need the durable, top of the line models with powerful engines because 
of the large areas covered … when new technology comes along, everything 
gets upgraded. We try and stay in touch with the latest technology, just like 
anything else.

(Maricopa County Vector Control official, September 2009)

This technological imperative necessitates, and is further propelled by, 
relationships with private vendors, which are a critical part of MCVC staff 
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certification and inculcation. These vendors sell equipment but also have a 
well-developed and extensive outreach apparatus to demonstrate and train 
public employees. Upon purchase of any equipment, companies send repre-
sentatives to agencies for instruction on proper installation, use and mainte-
nance. From this point, the agency will maintain contact with the company 
through mail-lists and product brochures, as well as periodic visits from sales 
representatives. Annually, the “Univar guy” or “Clarke guy” stops by for an 
update to further solidify customer loyalty. One company offers a “Mosquito 
University” workshop that has become the first line of education on mosqui-
toes and technology, which many Arizona state and county employees receive, 
especially Maricopa county personnel.

Indeed, since the WNV outbreak, MCVC’s response has been to increase 
efforts in this direction precisely by adding more equipment and staff training. 
This response creates a close and interdependent relationship between MCVC 
officials and vendors. For instance, MCVC is currently using a prototype model 
that a company has lent them for a trial period to test the performance of a 
new electric motor model in the Arizona heat. The MCVC manager has been 
impressed so far and says that they might “switch over to that model” in the 
next round of upgrades. A pattern of adulticide emphasis, chemical treatment, 
and capital-intensive solutions enmesh officials in relationships that are heavily 
mediated by capital.

Yuma County Pest Abatement District

In southwest Arizona, a rural environment has also supported the emergence of 
vector species. YCPAD governs a landscape that includes fields, ranchettes and 
horse pastures, in which irrigation systems have become ideal mosquito breeding 
sites. Here, larvaciding is the critical part of agency strategy, though adulticiding 
receives some emphasis. The agency stresses intervention at the breeding loca-
tions that prevent larvae from becoming adult mosquitoes. “We try and be [sic] 
proactive and prevent the problem before people are bitten” (Yuma County Pest 
Abatement District official, October 2009).

The concomitant technological selections, therefore, stress monitoring activ-
ities. Like MCVC, YCPAD uses CO2 traps and has flocks of sentinel chickens 
used for disease monitoring but a stress on monitoring leads to a different 
regime of state practice. Specifically, the staff clock many road miles in their 
work, literally driving, talking to people, and responding to complaints in an 
effort to identify potential problem areas and log them into their GIS data-
base. As opposed to the Cartesian grid that hovers atop of Maricopa County, in 
Yuma County mosquitoes are known and controlled by “just keeping your eyes 
open, being observant and talking to people.” Perhaps their most emblematic 
strategy involves hiring airplanes to fly over neighborhoods in search of aban-
doned swimming pools. As a result, technological commitments differ from 
those in Maricopa. When asked what the most important pieces of equipment 
are, the responding manager hesitated and carefully considered his response: 
“It depends on how you think about it. If you’re thinking about managing the 



208  Paul Robbins and Jacob C. Miller

problem, it is surveillance.” The surveillance program is “the building block 
that everything else stands on. If you don’t look, you don’t find,” he explained, 
stressing the necessity of “getting a measure of what’s going on out there” (Yuma 
County Pest Abatement District official, October 2009). Only the YCPAD and 
the PCEHS reported that “driving around and looking for breeding sites” was 
one of the “most important” abatement strategies (Table 11.3).

In part, these preferences reflect very different demographic conditions. Rural 
Yuma County is more sparely populated than dense Maricopa County. The 
selection of aerial surveillance, unique in the three counties, further reflects the 
agrarian history of the area and the availability of crop-dusting light aircraft. But 
techno-institutional history plays a key role as well. Unlike MCVC, which formu-
lated its post-WNV strategy within an experienced agency that had traditionally 
mobilized adulticide applications, and where such technologies are historically 
established, YCPAD was formed only in 1992 and its manager reports that he 
“had to learn a great deal about mosquito management.” The first source of 
education, in this case, was Arizona Department of Health Services (ADHS), 
rather than industry. Notably, the YCPAD agency manager reported that the 
state’s annual conference serves as an “important source of ideas, resources.” 
YCPAD also has a “close working relationship with the folks at ADHS,” who 
encourage specific practices, providing materials like Altosid larvicide (Yuma 
County Pest Abatement District official, October 2009).

Though interest in technology is in evidence—the Yuma manager was so 
impressed with a specific sprayer model at a recent showcase that they switched 
to that model—a differential pattern of allegiance to vendors is in evidence. 
YCPAD responded that “maintaining contact with vendors” was one of the “least 
important” agency activities (Table 11.3). Similarly, a lack of enthusiasm for 
advanced models was expressed. The much smaller YCPAD is content with the 
mid-grade GIS system they use, for example. The manager knew from the start 
in 1992 that “it made all the sense in the world” to incorporate GIS; the YPCAD 
has restrained from upgrading and the model they use now is simpler and more 
appropriate for their purposes as opposed to what he described as “exceedingly 
complex systems” used by agencies like MCVC (Yuma County Pest Abatement 
District official, October 2009).

Thus, while the YCPAD uses equipment similar to the MCVC, their overall 
approach to mosquito management is different. The pesticide budget alone for 
the MCVC in 2009 was around 11 times larger than YCPAD’s entire mosquito 
control budget for the year. The much smaller YPCAD has adopted an approach 
that stresses airplanes, GIS support and direct communication with residents in an 
effort to locate and attack the insect in the larval stage. Furthermore, like MCVC, 
YCPAD depends on varying technological investments, like ULV sprayers, but 
its role in the overall strategy is mediated by an emphasis on a techno-institu-
tional practice of dispersed surveillance. Adulticide application becomes a last 
resort and is accompanied by a managerial focus on horizontal communication 
in the community and preventative intervention. Thus, while similar technology 
is adopted by different agencies, those technologies are adapted for specific use 
by managers and technicians in very different ways.
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Pinal County Environmental Health Services

Of the three agencies interviewed, the PCEHS is the least connected to high 
investment technology and the vector control industry. The main strategies 
of PCEHS were reported to be (i) surveillance, (ii) public education, and 
(iii) source reduction (managing breeding sites). These imperatives make the 
central task for management contacting home-owners associations (HOAs) 
and doing outreach to trailer parks and recreational vehicle (RV) parks. The 
current manager reports that her strong communication skills were central to 
her being hired.

While the PCEHS does have an electric motor ULV fogger and uses it 20–30 
times a year, this manager asserts that “fogging is not the answer and never has 
been. It is a Band-Aid on the larger problem.” Her list of the key equipment 
includes: (i) an electric truck-mounted fogger, (ii) “our eyes to look for larvae,” 
and (iii) “our mouths to speak to the public, to get the word out.” In terms of 
monitoring, the PCEHS manager reports anticipating where the future problem 
areas would be by analyzing the surrounding environment. “Just by looking 
at geographic areas, I would ask myself, ‘if I were a mosquito, where would I 
be?’” Her problem continues to be “how to catch it before people get sick” (Pinal 
County Environmental Services official, November 2009).

The goal of outreach, by comparison, is not solely to bolster monitoring, as 
it is in Yuma County, or to destroy adult mosquitoes as in Maricopa County, 
but to change perceptions and behaviors. Extensive presentations at RV parks 
and community organizations are intended to inculcate a knowledge and 
responsibility for the problem within homeowner communities and collective 
institutions, like HOAs, who hold appreciably greater power over individual 
residents than health departments. As she explained, “you just walk up to 
people and talk about the issue.” Thus, the techno-institutional practices of 
this agency are organized around generating self-disciplining behavior in the 
community in hopes of reducing the mosquito population through everyday 
maintenance of private property (Pinal County Environmental Services offi-
cial, November 2009).

As noted, Pinal County has experienced rapid urban growth and has been 
hit especially hard with the collapse of the housing market. This was cited by 
the manager as a main problem in mosquito control. Part of their operation 
includes locating vacant properties where backyard swimming pools provide 
breeding sites. Many times, the owners of the property are difficult to reach, 
causing a dilemma for public health management. A concomitant challenge 
comes from engaging developers and builders to cooperate and alter land-
scape designs. The PCEHS manager cited malfunctioning or improperly built 
“dry wells” as a contributing factor. This further engagement seeks to bring 
public health to the attention of development capital and induce the industry 
to comply with preventative design measures, which builders report to be 
“unnecessary” expenditures (Pinal County Environmental Services official, 
November 2009).
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Discussion: mosquito knowledge, machines, and capital
These results suggest that the public health practices emerge from distinct 
socio-ecological contexts, but also from uneven flows of capital and knowl-
edge. Simplifications are surely in evidence, as where Yuma County managers 
reduce the inevitable complexities of mosquito management to “surveillance,” 
but each simplification is unique. No single state logic prevails. So too, there 
is evidence of reverse adaptation, as where the structure of operations in 
Maricopa County necessarily come to resemble the technical needs of a system 
where monitoring traps trigger automatic responses. But each such adaptation 
also appears locally derived and sensitive to divergent socio-ecology. As a 
result, and as depicted in Figure 11.1, the “Mosquito State” is better described 
as multiple “mosquito states.”

The activities and logics of these agencies therefore highlight a series of issues 
that exceed “state simplification” and “reverse adaptation”. It is evident that: (i) 
a state that adopts specific simplifications and technologies is a product of state-
capital interaction, not a pre-existing entity; (ii) technics in state practice are 
adapted with uneven effects owing to the knowledges and logics that exist within 
local context; and (iii) reverse adaptation of agency practice leads towards 
specialization of agency behavior around these technics.

Figure 11.1	 Three mosquito states of southern Arizona.
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Adoption

According to product brochures distributed at the annual ADHS meeting in 
2009, Altosid larvicide is “A simple solution to a complex problem.” As we have 
seen, this effectively mandatory meeting is a key platform for industry, which 
seeks to establish and maintain relationships with state agencies whose job it is 
to protect public health. While the arrival of WNV presented a significant threat 
and challenge to the state, it also presented an opportunity for private capital. 
However, in the case of PCEHS and to an extent the YCPAD, it is clear that 
abatement strategies need not be entirely dependent on expensive or mechanical 
technologies. While PCEHS does use a fogger 20–30 times a year, their main 
strategies are not geared towards the constant use and perpetual replacement of 
material technologies. It is clear therefore that there is no universal compulsion 
to adopt simplified logics and capital-intensive solutions. Rather, the state must 
be made into a consumer of products through the cultivation of relationships. The 
industry develops agency knowledge by investing in mechanisms that strive to 
explain to state actors why they should adopt certain strategies over others. As 
Langdon Winner (1977: 248) puts it, “A need becomes a need in substantial part 
because a megatechnical system external to the person [or agency] needed that 
need to be needed.”

Adaptation

The behavior of these institutions also shows how such relationships are 
unevenly articulated. For example, both MCVC and YCPAD have adopted 
geospatial technologies, but use them in entirely different ways. Operating 
across urban Phoenix, MCVC uses GIS to monitor mosquito traps, distrib-
uted across a grid, to activate a near-automated fogging response. The use of 
GIS in Yuma County, conversely, records “horizontal” knowledge of dispersed 
breeding sites, developed through “driving around” and finding breeding spaces 
in the more rural environment. Similarly, PCEHS uses adulticide foggers but 
in an operation that differs dramatically from the “vector fleet” in Maricopa 
County. PCEHS did suggest that using these technologies is “somewhat impor-
tant,” but this practice is seen as a last resort and its deployment is adapted to 
institutional practices of public education and outreach. On the other hand, for 
MCVC fogging technology is a “most important” activity, around which it has 
organized its operations.

What these examples show is that state operations utilize specific tech-
nologies according to highly localized conditions. While capital seeks to 
encourage a knowledge regime centered on the techne of universal control, it 
does not find, and cannot always produce, the state that it desires. A dialec-
tical process of technological (in)determination operates within the mosquito 
state apparatus: vector capital works to ensure the adoption of certain tech-
nologies by state agencies, while these technologies are differentially adapted 
into unique socio-spatial practices. In this sense, the state is always local 
(Marston 2005).
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Reverse adaptation 

Finally, the local outcomes in each case do not appear haphazard, and reflect path 
dependency. The specificities of each outcome reflect an emergent relationship 
between capital interests, technological imperatives, and site-specific political 
cultures. Technological choices, ideas about mosquito ecology, and relationships 
with the public become mutually reinforcing.

In the case of MCVC, following the 2003 WNV outbreak, initial plans were 
formed to reinforce techniques that were already long-standing (trucks, traps, 
sprayers), but now with an expanded budget allowing them to increase the size 
of the vector fleet and hire more staff. These practices only become further 
integrated with the everyday institutional practices of the agency by training 
field technicians in the use of machines, monitoring the traps, and maintaining 
field equipment and databases. Thus, specific vector control technologies were 
adopted by the agency, adapted to their unique socio-spatial imaginaries of 
vector ecology, and, as a result, the agency itself became simplified as it was 
reverse adapted to the system of technics it had created.

In the case of PCEHS, an historic stress on local suburban political conditions, 
centered on the autonomy of HOAs, is coupled with a resource-poor manage-
ment environment to produce a technology focused on of self-governance. 
These commitments come to be embodied in hiring personnel who stress public 
interaction.

Similarly, Yuma’s commitment to monitoring initially reflects local conditions 
(extensive rural land uses) and available technology (airplanes), but over time 
internally develops a logic of surveillance to which the system is adapted, natu-
ralizing a spatial model of mosquito behavior and control that suits the system it 
has created and geared towards a specific phase of mosquito reproduction. The 
results are institutionally specialized technics (Figure 11.2).

Specialization, capture, and isolation: problems of the 
mosquito state
What are the implications for public health when institutions become specialized 
around their technics? According to what logic and for whose benefit? Is this how 
we want health management to function? This assessment suggests three areas 
of concern in this regard. First, specialization is a condition to which these insti-
tutional systems appear to drift. Such processes of specialization, which appear 
strongly systemic, are potentially problematic if the complexity of mosquito 
ecology calls for institutions that are supple, diverse, and multipurposed. Efforts 
to restructure the architecture of such institutions away from over-specializa-
tion will necessarily need to address the way agency learning leads to a poten-
tial impoverishment of knowledge diversity. Future research must necessarily 
address how learning actually occurs in mosquito management agencies and 
how it might be diversified.

Second, the provisioning of technological solutions through the private sector 
is potentially dangerous, precisely because agencies adapt their practices and 



The mosquito stateâ•… 213

knowledges to the demands of their equipment. Merely by directing the selec-
tion of mosquito control equipment, vector capital effects agency capture. Even 
without intending to truncate public options or control agency priorities, the 
provisioning of foggers, insecticides, and GIS monitoring systems creates organ-
izational capacity designed to do just that. So, too, where vector capital is most 
involved, the industry’s general bias in favor of pesticide-heavy approaches (see 
Service 1995) will inevitably be most prevalent. Further research on the political 
economy of private contractors in state health operations is therefore essential.

Finally, it is clear that some technological choices create differential porousness 
to public knowledge, participation, and consultation. Most obviously in the case 
of Maricopa County, the voice of the public is marginalized as a result of specific 
technological commitments. The vector fleet now goes where the machine tells it 
to go, when triggered by traps and tests, with relative indifference to local metis 
outside the institution. The outcome is an undesirable state of agency isolation 
from the broader community in which it sits. Future research might then ask how 
public knowledge is acknowledged in institutions of vector control, and how do 
technological choices facilitate, mediate, or eliminate them?

To be clear, we have not concluded here that any one form of mosquito manage-
ment or any specific agency is necessarily more or less effective in pursuing 
health outcomes. Rates of WNV in human populations in each of these counties 
are not significantly lower now than in the mid-2000s, but neither have they risen 

Figure 11.2	 The reinforcing habits of mosquito states, centered on specific technics, 
geared to reproductive phases of the mosquito.
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drastically: Yuma reported no cases in 2010; Pinal reported 17; and Maricopa 
County reported 129, all similar to 2006 rates (Arizona Department of Health 
Services 2011). Deaths attributed to WNV continue without decline state-wide, 
but have not ballooned. Institutional diversity, arguably, at some level may reflect 
the genius loci of the environments (ecological and political) in which agencies 
evolve and to which they are adapted. One size does not fit all.

Nor have we argued that any specific practice, on its own, is superior or infe-
rior to another. During disease outbreak, adulticiding is a practical and necessary 
measure. Controlling hydrology on homeowner properties during the monsoon 
season is prerequisite to controlling populations. GIS databases showing past 
outbreaks and disease-vulnerable areas are critical tools for future disease 
prevention. A large toolbox is a strong one.

We have argued, however, that certain dangers are inherent in the interac-
tions of state agencies, management technologies, and private interests: special-
ization, capture, and isolation. Meaningful control of WNV has remained 
thoroughly elusive in Arizona, moreover, which invites continued scrutiny of 
agency practices and habits. By recognizing some of the systemic tendencies in 
vector control, we may begin to think differently about what is driving health 
agency decisions. Rather than treating these organizational cultures as either 
fully optimal or wholly irrational, therefore, we might come to see these agency 
contexts merely as “frameworks for rational action” (following W.R. Scott 2008: 
217). As an intervention in the way that we conceptualize vector control and 
public health strategies, therefore, this approach may help in developing effec-
tive abatement strategies in places like Arizona where institutional learning is 
ongoing, and climate and development coincide to create unprecedented vector 
habitats and ever-new threats to public health.
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12	 Exposure to heat stress in urban 
environments
Olga Wilhelmi, Alex de Sherbinin, 
and Mary Hayden

Extreme heat, exacerbated by the urban heat island (UHI) effect, is a leading 
cause of weather-related mortality in the United States and many other countries. 
Vulnerability to heat stress and patterns of heat-related morbidity and mortality 
are highly differentiated by age group and socio-economic status. Lower income 
populations often live in more built-up areas under more crowded conditions, 
and have less access to air conditioning or health services, making heat stress 
in urban areas a significant environmental justice issue. Current patterns of 
heat stress as a result of extreme heat events and the UHI effect are spatially 
varied at the city level, and can be shown to affect lower income populations 
and older age groups disproportionately. This chapter summarizes the literature 
on urban heat stress and associated morbidity and mortality, addresses aspects 
of urban ecology and the extent of built areas that promote UHI formation, and 
then addresses the social and political dimensions of exposure to heat stress. 
The chapter’s concluding section addresses modifications to the urban environ-
ment and population’s adaptive capacity through short-term response actions and 
long-term adaptation strategies that could help to reduce heat stress. We conclude 
that the inadequate appreciation of spatially differentiated factors contributing to 
extreme heat vulnerability limits the understanding of health risks and reduces 
the ability to prevent adverse heat health outcomes. 

The health impacts of extreme heat
Impacts of heat stress on human health have been observed on all continents 
and within countries at all levels of income (Hajat and Kosatsky 2010). In the 
United States, mortality from heat stress accounts for more fatalities than any 
other weather hazard. From 1979–2003, exposure to extreme heat caused 8,015 
deaths (CDC 2009). Future exposure of urban populations to extreme heat is 
projected to increase; as global warming continues, researchers anticipate 
increases in the severity, frequency, and duration of extreme heat events (Meehl 
and Tebaldi 2004; IPCC 2007; Diffenbaugh and Ashfaq 2010; Ganguly et al. 
2009) in addition to seasonal warming of summer-month temperatures (Battisti 
and Naylor 2009). The effects of extreme heat on human health may vary signifi-
cantly among geographic regions and demographic groups. However, general 
trends such as rapidly growing urban populations, aging of urban residents, the 
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amplifying effect of UHIs and climate change (McMichael et al. 2003; Hayhoe 
et al. 2004) contribute to the increased health risks of urban populations. These 
trends require effective means of risk reduction in present and future climates. 
The potential dangers of climate change for future human health have been high-
lighted in a number of papers and reports (Patz et al. 2005; Gosling et al. 2009), 
making estimating and predicting the effects of a changing climate on human 
health a major public health priority (Frumkin et al. 2008; Kinney et al. 2008).

Heat-related morbidity and mortality may occur when the daily temperature 
exceeds a temperature range normal for a given climate and the local setting 
(Patz et al. 2005). Heat can also be a major health hazard in warmer subtrop-
ical and tropical climates, where high temperatures are typical throughout the 
summer season thus creating a heat-hazardous environment even without discrete 
episodes of heat waves (Harlan et al. 2006; Hajat et al. 2006; Hajat and Kosatsky 
2010). Exposure to abnormally high temperatures during the night, an important 
characteristic of the UHI effect (as noted earlier), is a unique health risk factor. 
Earlier studies showed that significant numbers of heat-related mortality cases 
were attributed to high nighttime temperatures (Karl and Knight 1997; Meehl 
and Tebaldi 2004), mainly because of the inability of vulnerable urban residents 
to cool down and recover from the daytime heat.

Heat-related illness is caused by the inability of the human body to regulate its 
normal internal temperature either because of excess heat production or decreased 
transfer of heat to the environment (Jardine 2007; Ebi and Meehl 2007). Medical 
conditions resulting from prolonged exposure to heat can produce various 
degrees of severity and include heat-related edema, rash, cramps, exhaustion, 
and stroke. Heat stroke, the most serious of the heat-related illnesses, can cause 
shock, brain damage, internal organ failure, coma, and death. Heat stroke occurs 
when the core body temperature rises above 41°C (CDC 2009). Heat stroke can 
be life-threatening; Jardine (2007) reported a 12 percent death rate among adult 
patients diagnosed with heat stroke. In addition to heat stroke, many heat-related 
deaths are associated with cardiovascular and respiratory diseases (Kilbourne 
1997). Helman and Habal (2009) describe two forms of heat stroke. The first is 
a “classic” heat stroke that usually occurs during extreme heat events or heat 
waves, especially in urban areas. It affects vulnerable residents who are unable 
to control their environment and water intake, sedentary elderly people, persons 
with pre-existing chronic illnesses, and very young children with immature ther-
moregulatory system. The second form is “exertional” heat stroke, which typi-
cally affects younger people and results from strenuous physical activity during 
very hot weather (Helman and Habal 2009).

Exposure to extreme heat has been a public health concern for over four decades 
(e.g., Schuman 1972). However, a number of deadly heat waves in US cities 
during the past two decades and in many European cities in the first decade of the 
twenty-first century (especially those in 2003, 2006, and 2010) have generated an 
increased public awareness and an expansion in heat-health research (for reviews 
see Gosling et al. 2009; Hajat and Kosatsky 2010). Despite the growing body of 
knowledge about urban vulnerabilities to extreme heat, the complex interplay of 
ecological, social, political, and medical factors contributing to heat stress makes 
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it challenging to prevent heat-related mortality. Complexity is related to factors 
such as differential thresholds for negative health outcomes across geographic 
regions, urban–rural gradients and even among neighborhoods within a city.

There is no standard definition of a heat wave (Robinson 2001). Many existing 
definitions of heat waves or extreme heat events attempt to represent the inter-
action between the thermal environment and human body, which may result in 
negative health outcomes for the exposed population (Robinson 2001; Meehl and 
Tebaldi 2004). Meteorological definitions of a heat wave are usually intended to 
indicate an overall public health concern associated with heat stress and do not 
account for differential responses to heat among vulnerable urban residents along 
the UHI gradient. In the United States, for example, the National Weather Service 
defines a heat wave as a “period of abnormally and uncomfortably hot and unusu-
ally humid weather. Typically a heat wave lasts two or more days” (NWS 2009). 
Worldwide, definitions of extreme heat can range from “heat days” (Huang et al. 
2010) to “excessive heat events” (EPA 2006) with a variety of thresholds. In their 
definition of excessive heat events, the US Environmental Protection Agency 
(EPA 2006) emphasizes that meteorological thresholds depend not only on the 
geographic location but also on a time of year. Kovats and Hajat (2008: 49) state 
that “The challenge lies in determining at which point the weather conditions 
become sufficiently hazardous to human health in a given population to warrant 
intervention.” 

Many epidemiological studies have used simple meteorological measures 
(e.g., daily mean, maximum, and minimum temperature, and daily maximum 
apparent temperature) to establish associations between temperature and heat-
related mortality (Gosling et al. 2009; Hajat and Kosatsky 2010). Events, such as 
three consecutive nights of very hot temperatures, have been linked to negative 
health outcomes (Kalkstein and Smoyer 1993; Karl and Knight 1997) and thus 
have been applied in climate model simulations to analyze future heat waves 
(Meehl and Tebaldi 2004; Ganguly et al. 2009; McCarthy et al. 2010). Although 
most studies to date show vulnerability to heat stress in temperate climates 
(Davis et al. 2004), subtropical and tropical regions may show similar sensitivity 
as location-specific temperatures rise as a result of a changing climate (Patz et 
al. 2005). A few studies have investigated temperature–mortality relationships 
in subtropical cities in Europe, Asia and South America (Hajat and Kosatsky 
2010; Huang et al. 2010; Guest et al. 1999; Romero-Lankao et al. forthcoming). 
A review of the heat–mortality relationship in 64 cities throughout the world 
(Hajat and Kosatsky 2010) showed that temperature–mortality thresholds were 
generally higher in cities with higher average summertime temperatures, which 
suggests physiological adaptation to heat.

While it is critical to establish mortality temperature thresholds that can be 
used for extreme heat monitoring, forecasting, and public health advisories, other 
environmental and social variables need to be considered in order to provide 
more targeted interventions, especially in places with high relative temperatures 
and for populations at risk. Research frameworks on extreme heat vulnerability 
(Wilhelmi and Hayden 2010) and a number of case studies (Uejio et al. 2011; 
Harlan et al. 2006; Johnson et al. 2009) demonstrated that both urban land cover 
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(a factor in UHI formation) and demographic characteristics contribute to health 
outcomes. A multicity analysis across the globe (Hajat and Kosatsky 2010) illus-
trated that heat-related mortality occurred in a range of geographic settings and 
in all countries with all levels of income. However, in high-income countries 
most heat-related deaths were associated with underlying causes of cardiovas-
cular and respiratory disease. Age distribution, population density, and gross 
domestic product (GDP) played an important role in the heterogeneous distribu-
tion of heat-health outcomes. And of course the conditions that lead to exposure 
to extreme heat (i.e., dense urban settings and the UHI, poor air circulation, lack 
of access to air conditioning) may in themselves be related to socio-economic 
differences at the urban scale.

Research on heat impacts on human health has expanded rapidly since the 
early 1990s in various academic disciplines (Kinney et al. 2008; Gosling et 
al. 2009). But it is only more recently that researchers have begun to explic-
itly incorporate information about social vulnerability in their studies (Smoyer 
1998; Guest et al. 1999; Chan et al. 2001; Harlan et al. 2006; Gosling et al. 
2009). Societal vulnerability often determines the severity of impacts of a 
heat hazard on an individual or a group and therefore needs to be considered 
with the same degree of importance that has been devoted to understanding 
the physical processes (i.e., heat waves or the UHI effect). A number of case 
studies have used epidemiological and statistical techniques to address the 
relationships among heat waves, heat-related morbidity, and mortality and to 
identify vulnerable groups of people (Smoyer 1998; Chan et al. 2001). These 
case studies demonstrate that certain groups in the population (e.g., elderly, very 
young, obese individuals, people using certain medications, socially isolated 
individuals, the poor, the mentally ill, those without air conditioning, outdoor 
workers) are disproportionately affected by exposure to extreme heat (Curriero 
et al. 2002; O’Neill et al. 2003; Medina-Ramon et al. 2006; O’Neill et al. 2005; 
Kalkstein and Greene 2007).

In large, sprawling cities with a highly variable socio-economic fabric, infra-
structure and housing types, vulnerability is expected to be even more complex. 
The relative importance of individual and household heat-health risk factors has 
been investigated in several US cities (e.g., Smoyer 1998; Uejio et al. 2011). These 
integrated neighborhood-level studies showed that urban land surface charac-
teristics associated with UHI formation together with socio-demographic char-
acteristics can be associated with heat-wave morbidity or mortality information 
to identify first-order vulnerability indicators and highlight zones of elevated 
vulnerability within urban areas. Recent advances in geospatial methods and 
analysis tools allow for spatially explicit characterizations of heat-related vulner-
abilities even in seemingly homogeneous urban environments (Wilhelmi et al. 
2004). These case studies of local-level urban vulnerability to extreme heat show 
the importance of interdisciplinary approaches to analyzing and predicting heat-
health outcomes. But the lack of such case studies in many countries, data gaps, 
different methods in coding heat-related morbidity and mortality creates chal-
lenges for international comparison of heat-health vulnerabilities, especially for 
assessments at the global level.
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Ecological dimensions
Although the UHI effect has been measured using a variety of metrics, the 
fundamental definition is the same for all studies. The UHI effect repre-
sents the relatively higher temperatures found in urban areas compared to 
surrounding rural areas, especially at night. The relative differentials between 
urban and rural temperatures vary by season and climatic zone, as discussed 
below. There are several scales of analysis for studying the ecological dimen-
sions of heat islands. On the micro scale, there are ecological, environmental, 
and geographical (e.g., topography, proximity to water bodies) factors that 
determine whether a neighborhood has higher or lower daytime or nighttime 
temperatures than surrounding neighborhoods. At the meso-scale, there are 
morphological factors that affect air flow into cities from surrounding areas. 
And on the regional and global scale, there are geographic and climatic factors 
that affect the production of UHIs.

A number of ecological and environmental factors affect urban climatology 
(McCarthy et al. 2010; Kuttler 2008; Oke 1987). One such factor is the replace-
ment of natural land cover with sealed surfaces that have a strong three dimen-
sional structure, including the reduction of the land area covered by vegetation, 
loss of surface water bodies, reduction of emissions of long-wave energy from 
the surface by street canyons (streets bordered by tall buildings), and disruption 
of airflow by buildings. A second factor is the release of waste heat from heating 
and cooling systems.

These factors affect radiation budgets and thermal properties such as evapo-
transpiration, water storage, and atmospheric exchange. Thermal properties, 
in turn, are determined by land use, the structure of buildings, and the overall 
extent of built-up areas. Vegetated surfaces associated with parks or tree-lined 
roadways tend to be cooler because shade reduces the amount of solar radiation 
that hits underlying surfaces, and because they have a lower heat capacity (Zhou 
and Shepherd 2009). Because water makes up a large proportion of biomass, at 
higher temperatures the water transpires through the leaf stomata generating a 
latent heat flux that cools surface temperatures.

By contrast with vegetated areas, paved surfaces and built structures tend to 
absorb shortwave radiation during the day and release long-wave radiation with 
increasing intensity in the afternoon and evening (Kuttler 2008). The propor-
tion of shortwave energy that is absorbed versus reflected depends on surface 
spectral properties (i.e. albedo). Once shortwave energy is absorbed, the sensible 
heat flux from urban surfaces (e.g. roads, sidewalks, and buildings) depends on 
the thermal properties of the materials with which they are constructed (their 
density, heat capacity, and thermal conductivity) (Kuttler 2008). These factors, 
plus the angle of incidence of incoming radiation and the ways it is absorbed or 
reflected off surfaces in the street canyon, only to be absorbed and rereleased 
by other surfaces, all affect surface, canopy, and boundary-layer temperature 
conditions. The urban-canyon effect also reduces air flow, trapping heat near 
the surface. Finally, in areas with sealed surfaces rainfall tends to be quickly 
channeled to the underground sewer system, and the latent heat flux associated 
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with evaporation is greatly reduced. Thus, more energy is available for long-wave 
emission and sensible heat flux from sealed surfaces.

Use of thermal-band data from satellite imagery is one way of investigating 
variations in heat intensity and their relationship to surface types within cities.1 
Using Landsat 7’s thermal infrared band, Landsat-derived land cover data, and 
census blocks as the unit of analysis, Cheung (2002) found that for Washington, 
DC, 54 percent of the variance in surface temperature could be predicted by 
percent impervious surface, normalized difference vegetation index (an indi-
cator of vegetation cover), and percent water bodies. Temperatures increase over 
impervious surfaces and decrease over vegetated areas and water bodies. Zhou 
and Shepherd (2009) found a similar relationship for Atlanta, and, in a study of 
38 US cities, Imhoff et al. (2010) found that impervious surface area explains 
70 percent of the variance in land-surface temperatures. In an assessment of 
night time surface temperature of Delhi, India (Javed et al. 2009), areas with 
greater vegetation cover were found to have lower mean surface temperatures, 
and changes in mean surface temperature between 2001 and 2005 were mainly 
due to vegetation loss owing to land cover change. The central business district, 
characterized by densely built-up areas, had a temperature differential of greater 
than 4°C compared with the suburbs.

Turning to urban form, the morphology of the city affects air flows into 
and out of the city. Wind speeds tend to be lower than in rural areas owing to 
surface roughness, which in turn depends on building (and vegetation) heights. 
As Kuttler (2008) points out, a number of common features can act as conduits 
for cooler air to reach the city and thus attenuate the effects of the UHI. These 
include highways and wide boulevards (which themselves may emit longwave 
radiation), railway tracks, public parks, and rivers and urban water bodies. The 
degree to which these corridors act to cool a city will depend on their orientation 
relative to prevailing winds. It is worth noting that these pathways can both help 
to cool the city and bring cleaner air, which is important for human health.

Size of the city is also an important aspect of morphology. Cities with larger 
built-up areas tend to have higher UHIs (Imhoff et al. 2010). Population size 
has often been used as a proxy for geographic extent (Kuttler 2008), but with 
the advent of urban land cover and urban extent data, such as the MODIS map 
of Global Urban Extent (Schneider et al. 2009) and the Global Rural–Urban 
Mapping Project (CIESIN et al. 2011), it is now possible to obtain more informa-
tion on the actual extent of individual cities and conurbations. Cheung (2002) 
found that in Washington, DC from 1951 to 2001 the number of degree days 
above 35°C increased substantially, a period during which the metropolitan area 
rapidly expanded. Zhang et al. (2010) also found an increase in temperatures for 
the Shanghai region of 0.75°C per decade since 1976 owing in part to expansion 
of the urban agglomeration.

Though all large cities exhibit the formation of UHIs (Buyantuyev and Wu 
2010), the geographic location of cities in terms of climatic zone, proximity to 
coast, and elevation all impact the degree of temperature difference between 
rural and urban areas during summer months. It should be added, however, 
that this is a relatively under-researched area, and comparative research is 
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complicated by the adoption of different definitions and measurement methods 
for ascertaining the UHI effect (Alcoforado and Andrade 2008). A meta-anal-
ysis (Wienert and Kuttler 2005) of latitudinal differences in UHI included 
150 studies that used a common metric, UHImax, which is the highest daily 
warming of an urban area relative to surrounding rural areas under the weather 
conditions most favorable for UHI development (cloud-free and low winds). 
Controlling for population size, energy use, topographic features, altitude, and 
energy balance, they found that the UHImax increased with latitude: cities in 
a tropical cluster had UHIs of 4°C on average, whereas those in subtropical 
and mid-latitude clusters had UHIs of 5.0°C and 6.1°C, respectively. Much of 
the difference is explained by anthropogenic heat production and radiation 
balance, which increases with latitude. Within the United States, Imhoff et al. 
(2010) found that the summer daytime UHI is largest for biomes dominated 
by temperate broadleaf and mixed forests, which exhibited an 8°C average 
differential between urban and rural areas, compared to a 6°C differential for 
grasslands and a –1°C differential in desert biomes, where daytime surface 
temperatures are actually hotter outside built up areas.

Beyond climate zones, other geographical factors can also exacerbate heat 
buildup. Mexico City and Santiago de Chile, for example, are both surrounded 
by mountain chains that serve to reduce air flow and increase temperatures and 
pollution levels. The UHI effects of cities in arid and semi-arid regions tend 
to increase during the dry season when canopy cover is reduced and drier soil 
conditions in rural areas increase the albedo of surfaces (Buyantuyev and Wu 
2010). According to Nasrallah et al. (1990), similarities in landscape character-
istics between urban and rural areas in hyperarid regions such as Kuwait lead 
to poorly defined UHIs. Yet climate modeling that includes urban land-surface 
effects by McCarthy et al. (2010) finds the opposite: that arid regions exhibit high 
UHI effects. They suggest that this trend is a function of high incident short-
wave radiation at the surface and low soil moisture resulting in high daytime 
energy gains, but low surface-heat capacity and rapid cooling rates of the natural 
land cover at night, yielding large nocturnal temperature differences between 
urban and rural areas. Consistent with the findings of Wienert and Kuttler (2005), 
Roth (2007) reviewed a wide range of UHI studies in tropical and sub-tropical 
climates, and found that UHI intensities are generally lower compared to those 
of temperate cities with comparable population. They also show a seasonal vari-
ation with higher intensities during the dry season.

Emmanuel and Johansson (2006) conducted a micro-level study of the 
UHI in Colombo, Sri Lanka and found that maximum daytime temperatures 
tended to decrease with increasing building height/width ratio and prox-
imity to the sea, with the temperature differences between sunlit and shaded 
urban surfaces reaching 20°C. The shade in urban canyons can be important 
in reducing insolation, but higher height/width ratios also reduce wind speeds 
and can block coastal breezes. The relative importance of these two conflicting 
factors depends on their proximity to the oceans. Zhang et al.’s (2010) study 
of Shanghai, China, which has a subtropical monsoon climate with distinct 
seasonal temperature variations, found the UHI to be most pronounced in the 
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autumn, which corresponds to periods of less cloudiness and low wind speed, 
and weakest in the summer, when the air is convectively unstable and character-
ized by enhanced mixing over larger areas.

There are few if any comparative studies that look at the differential UHI effect 
in coastal vs. non-coastal cities within the same climate zone. Coastal cities, given 
their proximity to the relatively cooler ocean during summer months, suffer less 
from extreme temperatures than land-locked cities with continental climates, but 
they can also be expected to have high humidity levels that reduce the body’s 
cooling ability. Since UHIs are measured as a relative difference between urban 
and rural areas, and both rural and urban settings would tend to be under the 
moderating influence of sea breezes, the actual development of the UHIs would 
also presumably be less than in interior areas.

The UHI effect is different than absolute temperatures experienced in urban 
areas. Obviously urban areas in cool temperate climates suffer fewer extreme 
temperature events over 35°C. But it is expected that with climate change, urban 
areas in sub-tropical and warm temperate and temperate climates will experience 
greater frequency of heat waves (Kuttler 2008). Indeed, McCarthy et al. (2010) 
predict that a combination of climate effects and a doubling of urban population 
will greatly exacerbate the UHI effect in the Middle East, central Asia, and east 
and west Africa, resulting in increases in night-time temperatures (Tmin) of +5 
to +6.5°C with a doubling of atmospheric CO2. 

The social and political dimensions of heat stress
The risk of heat stress, which is associated with a differential exposure associ-
ated with urban ecology and climate change, is not borne equally by all members 
of society (UNDP 2008). As discussed earlier, certain indicators of heat vulner-
ability, such as age, education, social isolation, race and ethnicity, lack of air 
conditioners, and chronic deceases are commonly identified in case studies on 
excess deaths during extreme heat events (O’Neill and Ebi 2009). While physi-
ological factors play a role in heat health outcomes, socio-economically disad-
vantaged populations tend to be disproportionately affected by heat stress. This 
raises issues of environmental justice. The concept of environmental justice was 
born out of a recognition that in many parts of the world there is an unequal 
spatial distribution of environmental burdens and benefits. It emerged in 1979 
when a lawsuit was filed to prevent the siting of a landfill in a predominantly 
African-American neighborhood in Houston, Texas (Lee 2002). The United 
States Environmental Protection Agency defines environmental justice as “the 
fair treatment and meaningful involvement of all people regardless of race, color, 
national origin, or income with respect to the development, implementation, and 
enforcement of environmental laws, regulations, and policies” (EPA undated).2 
Traditionally, environmental justice has focused on socio-economically disad-
vantaged populations where harmful exposure to environmental toxins has 
resulted in adverse health outcomes. These exposures, often more pronounced in 
urban areas, consist of a variety of environmental hazards including toxic waste, 
air pollution, and extreme heat. In fact, the effect of interaction of certain air 
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pollutants (e.g., ozone) and high temperature on human health have been noted in 
several studies (Filleul et al. 2006; Semenza et al. 2008).

Because the UHI phenomenon exacerbates the effects of heat waves, it is no 
surprise that those most vulnerable to extreme heat events often live in the poorest 
urban neighborhoods where studies have shown that environmental heat mitiga-
tors such as green spaces and overall vegetation cover are inequitably distributed 
(White-Newsome et al. 2005; Harlan et al. 2006; Ruddell et al. 2010).3 Other 
vulnerability factors include lower socio-economic status, lower educational 
levels, and age, all of which have been observed to increase the risk of negative 
health outcomes in response to exposure to extreme heat (Klinenberg 2002). The 
resulting vulnerability or inability to shield oneself from the ‘by-products’ of 
industrialization is all too prevalent. Living in substandard housing coupled with 
inefficient or non-existent means of cooling one’s personal environment subjects 
those with lower socio-economic status to negative health outcomes associated 
with exposure to extreme heat (Harlan et al. 2008).

Furthermore, as longevity and urban populations increase in developed coun-
tries, we can expect more segments of the population to be exposed to extreme 
heat. Among those most affected by extreme heat are the elderly because the 
ability to regulate body temperature and physiologically adapt to the heat lessens 
with age (Luber and McGeehin 2008). During one of the hottest summers on 
record in Europe, the elderly, defined as those above 65 years of age, experi-
enced excess mortality as a result of the August 2003 heat wave. In a study by 
Le Tertre et al. (2006), an estimated 3,096 deaths were attributed to the August 
2003 heat wave in nine French cities. In a case study of the week of 8–13 August 
2003 in three French cities severely affected by the heat wave (Paris, Tours, and 
Orleans), risk factors for mortality among the elderly were examined. Results 
indicated that vulnerability to heat was associated with lack of mobility, lower 
socio-economic status (higher mortality among manual laborers), and social 
isolation, defined as not participating in any social, cultural, religious, or recrea-
tional activities. The specter of environmental justice is raised in the findings, as 
those living in older homes with no thermal insulation were found to be at highest 
risk. Other risk factors included living on the top floor of a building located in a 
UHI (Vandentorren et al. 2006).

For all of France, excess deaths (defined as deaths that would not have other-
wise occurred) in the August 2003 heat wave exceeded 15,000 and were most 
frequent among the elderly living alone or in nursing homes, particularly among 
women who were divorced, single, or widowed (Fouillet et al. 2006). Excess 
deaths during the same time period in Italy (Bologna, Milan, Rome, and Turin) 
were highest in those over 75 years of age; mortality was also attributed to lower 
socio-economic status and levels of education. In this instance, socio-economic 
status was a notable factor in contributing to excess mortality because those who 
can afford to leave Italian cities in the hot summer months did so (Michelozzi 
et al. 2005).

A similar picture of excess mortality emerges in the British Isles where 
mortality in London during the August 2003 heat wave was 59 percent higher 
than expected. Again, the age group most affected was the elderly, defined there 
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as those above 75 years of age (Johnson et al. 2009). Although there was docu-
mented excess mortality during the heat wave of 2003 in the Netherlands, a 
more nuanced picture indicates that temperatures were not as high as in other 
European nations nor did the majority of deaths occur in heavily populated urban 
areas (Garssen et al. 2005). However, Pascal et al. (2005) note that temperature 
thresholds for what constitutes extreme heat vary country by country and often, 
city by city. For example, extreme heat thresholds range from 41°C in Andalusia 
to 27.5°C in Belgium. Also of interest during the August 2003 time period is that 
most countries also noted air pollution indices that were above normal, exacer-
bating the negative health impacts of the heat wave.

In the US, heat disproportionately affects those in lower socio-economic 
brackets. This effect occurs not only for those living in heavily populated urban 
areas where UHIs are strong, but also for those working outdoors as manual 
laborers and in agricultural settings as migrant laborers. Farm laborers experi-
ence prolonged exposure to the sun, often 10 hours or more per day, and have little 
access to shade (Fougères 2007). In urban areas, Harlan et al. (2008) determined 
from their study of the 2005 heat wave in Phoenix, Arizona, that affluent whites 
were more likely to live in vegetated neighborhoods with reduced UHI charac-
teristics, again highlighting the vulnerability of those with lower socio-economic 
status. The Chicago heat wave of 1995 resulted in 700 excess deaths, and a case 
study documented risk factors that included having an existing medical illness, 
living alone, and not having access to air conditioning (Semenza et al. 1996). The 
latter factor highlights the risk associated with poverty. A more nuanced question 
is not only whether there is air conditioning available, but rather whether those 
who have air conditioning can afford to use it to the extent necessary to provide 
adequate cooling.

Based on his analysis of the 1995 heat wave in Chicago, Klinenberg (2002) 
determined that those with lower socio-economic status were not affected 
equally. His study showed the importance of a more detailed documentation of 
risk factors and the need to go beyond recording excess mortality if reasonable 
interventions are to be addressed to reduce risk. Klinenberg theorized that a lack 
of social isolation was a key protective factor in survival because those with 
strong ties to family, friends, or neighbors were assured that someone would 
check up on them in the event of a heat wave. This hypothesis was corroborated 
in the 2003 heat wave in France, where social isolation was considered to be a 
major factor contributing to excess mortality.

Intersection between social dimensions and ecological 
dimensions
The ecological theory of resilience (Holling 1973, 1986) offers a means of 
addressing complex interactions within the ecological dimensions of a dynamic 
system. The dynamic systems proposed by Holling are continually affected by 
stochastic forces in nature such as droughts, heat waves, and floods requiring an 
understanding of the system’s ability to absorb disturbances (Eakin and Luers 
2006). Relationships within a complex system are often non-linear and, as such, 
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necessitate an emphasis on thresholds and the uncertainties inherent within the 
system. Identifying these thresholds can allow for a targeted response which may 
subsequently assist in absorbing shocks or alterations to the system. Smit and 
Wandel (2006) argue that in the face of climate change, responses must be multi-
scale, both spatially and temporally. Because the dynamics of complex systems 
are shaped at multiple levels, including local, national, and global scales, the 
increasing importance of these cross-dynamics must be factored into under-
standing resilience and adaptive capacity. When systems are vulnerable, distur-
bances such as a warming climate resulting in extreme events such as an urban 
heat wave can have dramatic consequences, particularly on the most at-risk 
populations (Bennet et al. 2003; Adger 2006; Folke 2006).

In order to begin the necessary dialogue to reduce population vulnerability to 
extreme heat through addressing issues of scale, Wilhelmi and Hayden (2010) 
have proposed a research framework to tackle a multiscalar, multidimensional 
approach to adaptation to extreme heat. They highlight the need to understand 
local social and cultural factors as well as external macro-scale drivers to address 
the challenges of connecting people and place in a research framework aimed at 
reducing adverse outcomes to urban heat stress. The call for both a top-down and 
bottom-up approach is presented in the framework in Figure 12.1. This figure 
emphasizes the importance of an integrated systems approach whereby multiple 
levels of community from government officials to households within neighbor-
hoods are engaged and an iterative process is underscored so that the feedback 
loops are focal points of the ongoing dialogue among all levels.
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Figure 12.1	 Intersection of social and ecological dimensions of urban heat stress in a 
vulnerability framework.

Source: Wilhelmi and Hayden (2010)
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Given previous and recent research on urban heat and human health (Harlan 
et al. 2006; Johnson et al. 2009; Reid et al. 2009; McGregor et al. 2007; O’Neill 
and Ebi 2009), it is evident that heat stress represents a complex interplay of 
ecological, social, and medical issues, which are often place and scale-specific. 
At the local level, characteristics of the built environment, social, and cultural 
characteristics and a larger context of urban development, availability of commu-
nity resources and government programs determine differential impacts of heat 
on subpopulations.

Fewer studies have considered both social capital and the natural environment 
in assessing urban heat stress. Harlan et al. (2008) showed that unequal distribu-
tions of human-managed natural resources (vegetation, open space) are key to 
heat stress vulnerability in Phoenix, Arizona. In the study of urban heat vulner-
ability in Philadelphia, Pennsylvania and Phoenix, Uejio et al. (2011) demon-
strated that heat stress risk factors were place-specific in that urban ecology and 
characteristics of the built environment played a more significant role in Phoenix 
than in Philadelphia. This finding illustrates the importance of contextualizing 
vulnerability to heat-related health outcomes in the context of local urban ecology. 
The extreme heat research framework developed by Wilhelmi and Hayden (2010) 
emphasizes that contextualizing vulnerability with local-level social, behavioral, 
and ecological data can influence successful health interventions, heat mitiga-
tion, and climate change adaptation. 

Conclusion and policy recommendations
As illustrated in this chapter, urban vulnerability to extreme heat and the nega-
tive health outcomes result from the interplay of social and ecological dimen-
sions of the urban environment. These complex relationships and the feedbacks 
between local-level processes and the larger context of global climate, urbaniza-
tion and changing population structure and health risks need to be considered 
in planning and implementing adaptation strategies. In addition, the combined 
top-down and bottom-up approach to heat-health risk reduction would require 
considerable interactions with various scales of governance. While this recom-
mendation may appear daunting to national, state/provincial, and local officials, 
a number of measures, both short-term and long-term, can mitigate urban heat 
and prevent heat-related morbidity and mortality. Because of the interdiscipli-
nary nature of urban heat-health relationships both social and ecological factors 
need to be addressed.

In terms of physical adaptation responses, cities can increase both vegeta-
tion cover, which enhances latent heat flux, and the albedo (reflectivity) of 
built surfaces, such that a higher proportion of incoming shortwave radiation 
is reflected rather than absorbed and reradiated (Zhou and Shepherd 2009). 
Recent research (Oleson et al. 2010) demonstrated that white-colored roofs have 
the potential to significantly cool cities and mitigate some impacts of the UHI 
effect and global warming, and greenery planted on rooftops acts as an insulator 
that reduces indoor temperatures and energy consumption (Rosenzweig 2011). 
Some cities, such as Chicago, are already implementing the “cool roofs” policies 
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(ICLEI undated). Given budgetary implications, changing the urban landscape to 
include more green space and cool roofs would certainly require governmental 
decisions and regulations at different levels and could involve industry as well 
as the public.

The heat warning systems developed in a number of cities integrate weather 
forecasting, heat warning, and specific intervention strategies (Sheridan and 
Kalkstein 2004). In some cases, these warning systems have proven to be 
successful: it was estimated that 117 people were saved in Philadelphia during 
heat waves from 1995 to 1998 through a Hot Weather-Health Watch/Warning 
System (McGregor et al. 2007). In addition to linking forecasting and public 
health interventions, more work needs to be done to ensure that the meteoro-
logical thresholds used for heat warnings are based on epidemiological studies of 
heat-mortality relationships. Also, given the complexity of UHI effects and the 
social fabric of urban areas, location-specific warnings within a city can more 
effectively target populations at risk. 

In the framework proposed by Wilhelmi and Hayden (2010), the authors 
argue for a better understanding of differential vulnerability in order to address 
meaningful interventions. They argue that adaptive capacity cannot be meas-
ured solely through the use of demographic data, as underlying vulnerability is 
often masked at that level of resolution. Localized identification of those at risk 
from exposure to extreme heat, with a focus on adaptive capacity, is one way of 
assuring that targeted interventions are meaningful.

Access to cooling is one of the major factors of social vulnerability to extreme 
heat. Many cities in temperate climates are not equipped with air conditioning 
systems. In warmer climates, there are segments of the urban population that 
may not be able to afford to use air conditioning due to the high cost of electricity 
(Hayden et al. 2012). One approach implemented by several cities is the estab-
lishment of cooling centers (i.e., air-conditioned public buildings). Given the 
geographic breadth of studies pointing to social isolation as a risk factor, it is not 
enough to provide cooling shelters if those at highest risk are unable or unwilling 
to access the shelter. This possibility then necessitates a concerted community 
effort to ensure that neighbors, social workers, and home healthcare providers 
are called upon to ascertain that those who are bedridden or socially isolated are 
provided for during periods of extreme heat.

As illustrated in many reports and research articles, impacts of heat stress 
on human health have been observed on all continents and therefore extreme 
heat remains an important public health concern in cities throughout the world. 
The negative impacts of extreme heat on human health vary significantly among 
geographic regions and demographic groups. While extreme heat affects more 
people in large metropolitan areas with high population density and complex 
urban morphology, residents in small cities and rural areas (e.g., migrant 
workers) are affected by extreme heat as well. Projected increases in frequency, 
duration, and severity of extreme heat events, as well as seasonal warming of 
summer-month temperatures, can place more vulnerable populations at risk 
both in large cities and in rural areas worldwide. Further research is needed to 
better understand how human exposure to temperature extremes discriminates 



232  Olga Wilhelmi et al.

between urban and rural residents as well as among urban residents in different 
geographic locations. This inadequate appreciation of spatially differentiated 
factors of extreme heat vulnerability limits the understanding of health risks and 
reduces the ability to prevent adverse heat health outcomes.
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Notes
1	 Studies on the UHI phenomenon using satellite-derived land surface temperature 

measurements have been conducted using various remote sensing data, such as 
NOAA Advanced Very High Resolution Radiometer with 1.1 km spatial resolutions 
(Cao et al. 2008), NASA Moderate Resolution Imaging Spectroradiometer (MODIS) 
(Parida et al. 2008), Advanced Spaceborne Thermal Emission and Reflection 
Radiometer (ASTER) (Tiangco et al. 2008), and Landsat Thematic Mapper and 
Enhanced Thematic Mapper Plus thermal infrared data with 120 m and 60 m spatial 
resolutions, respectively (Cheung 2002).

2	 The full definition is as follows:
Environmental Justice is the fair treatment and meaningful involvement of 
all people regardless of race, color, national origin, or income with respect 
to the development, implementation, and enforcement of environmental laws, 
regulations, and policies. EPA has this goal for all communities and persons 
across this Nation. It will be achieved when everyone enjoys the same degree 
of protection from environmental and health hazards and equal access to the 
decision-making process to have a healthy environment in which to live, learn, 
and work.

3	 This relationship has been most studied in North America but also holds for many 
world regions. For example, Weeks et al. (2005) found a strong negative relationship 
between vegetation cover and poverty levels in Accra, Ghana. But in densely settled 
Asian urban areas the relationship can be the inverse: de Sherbinin (2008) found that 
for Hanoi, Vietnam, there is a positive relationship between poverty levels and green-
ness. The more affluent residents tend to live in the urban center, which is less green, 
and therefore more susceptible to the UHI effect. They presumably also have greater 
access to space cooling.
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The HIV epidemics in sub-Saharan 
Africa

Eileen Stillwaggon and Larry Sawers

Conventional epidemiology recognizes that epidemics, like individual infec-
tions and injuries, arise in a specific ecological context. Epidemics are complex, 
contingent processes that develop through the interaction of characteristics of 
the pathogen, the vulnerable population, and environmental factors (Stillwaggon 
2009). Whatever the proximate cause of infection or injury, epidemiology exam-
ines the multiple factors that influence both individual risk and the vulner-
ability of populations. In the last half-century, advances in microbiology and 
medical interventions as well as changes in the political and economic climate 
have shifted the emphasis of medical research to individual-level rather than 
population-level factors in theories of disease causation (Rose 1985; Schwartz 
and Carpenter 1999; Stillwaggon 2006; Susser 1985). Nevertheless, the standard 
epidemiological approach encompasses the ecological context of both individual 
and population risk.

Medical researchers who first studied acquired immune deficiency syndrome 
(AIDS) in sub-Saharan Africa in the 1980s looked at the epidemics through the 
lens of conventional epidemiology. Although isolated clusters or concentrated 
epidemics of human immunodeficiency virus (HIV) were found on all conti-
nents, primarily among men who have sex with men and needle-sharing drug 
users, in sub-Saharan Africa the syndrome was seen in men, women, and chil-
dren. Poor immune status of the population, widespread infectious and parasitic 
diseases, poorly equipped and poorly staffed medical services, poor nutrition, 
and chronic exposure to contaminated water, soil, and food made the spread of 
HIV in Africa if not fully predictable at the start, at least comprehensible in an 
epidemiological framework. Because of the vulnerable population affected and 
the diverse presentations of the syndrome, it made sense to search not for one 
cause, but for the myriad factors that could contribute to the rapid spread of HIV.

By the late 1980s, in a radical departure from standard epidemiology, policy-
makers and most scholars narrowed their focus to a single proximate cause of 
HIV infection in sub-Saharan Africa: heterosexual behavior. Since then, the 
fundamental assumption dominating the AIDS-in-Africa discourse has been that 
something exceptional about sexual behavior drives the high prevalence of HIV 
in the region. We call that assumption and the policies that derive from it the 
behavioral paradigm.
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HIV epidemics in sub-Saharan Africa are far larger than anywhere else. By 
2009, HIV prevalence in the 9 countries of southern Africa averaged over 17 
percent and in sub-Saharan Africa as a whole it was 5 percent. Outside Africa, 
HIV prevalence averaged only 0.5 percent (UNAIDS 2010). Two-thirds of people 
living with HIV are in sub-Saharan Africa.

This chapter examines the development of AIDS discourse on sub-Saharan 
Africa and its implications for policy, the exclusion of much scientific evidence in 
the prevailing theory of HIV causation, and some of the possible reasons for that 
departure from conventional epidemiology. We begin by discussing the behav-
ioral paradigm that has dominated HIV policy research on sub-Saharan Africa. 
Then we examine its latest variant, the concurrency hypothesis. Next is a discus-
sion of ecological explanations for the rapid spread of HIV in sub-Saharan Africa 
that reflect a standard epidemiological approach. Finally, we explore socio-
political factors that have restricted the AIDS-in-Africa discourse to the behav-
ioral paradigm, derailing research and policy from its original epidemiological 
foundation. Throughout the analysis, we examine the interplay of the ecological 
determinants of disease and the socio-political obstacles to understanding and 
controlling its spread.

The behavioral paradigm
In the 1980s in North America and Europe, there were substantial successes in 
reducing new infections of HIV, especially through promoting sexual behavior 
change in the gay community, but also by enforcing universal precautions in 
medical interventions, regulating blood-bank safety, and promoting needle-
exchange programs. Transplanting interventions that had succeeded in North 
America and Europe to sub-Saharan Africa appeared to be a sensible response, 
but its effect was to displace the broader epidemiological approach of early HIV 
research in the region.

The ascendancy of the behavioral paradigm that replaced the use of standard 
epidemiological methods was enabled by long-held Western stereotypes of 
Africans. By the late 1980s, the presumption that some extraordinary character-
istic or characteristics of heterosexual behavior in sub-Saharan Africa explained 
the high prevalence of HIV in the region was promoted in scholarly and popular 
literature and became widely accepted among researchers and policy makers 
(Caldwell and Caldwell 1987; Caldwell et al. 1989; Economist 2000; Ford 1994; 
Rushing 1995; UNFPA 1999). Influential and frequently cited works were char-
acterized by sweeping statements about pan-African sexuality, supported, if at 
all, by anecdotal evidence dating from the early twentieth century to the 1970s. 
Through suggestive language and innuendo, they conveyed the impression of 
Africans bent on self-destruction because of cultural factors that differentiated 
them from everyone else (inter alia, Caldwell and Caldwell 1987; Caldwell et al. 
1989). We discuss this issue at greater length below.
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Anomalies in the behavioral paradigm

The hypothetical arguments of ethnographers and sociologists about “African 
sexuality” generated interest in empirical studies to evaluate their validity. 
Relatively few of those surveys of sexual behavior, however, were conducted 
in Latin America and Asia, reflecting the presumption that there was some-
thing unique about African sexuality. Surveys sponsored by the World 
Health Organization’s Global Program on AIDS, the United States Agency 
for International Development’s (USAID) Demographic and Health Surveys, 
and numerous others conducted by individual researchers and government 
statistical offices from 1989 to the present have produced a substantial body 
of survey research. They contradict the claim that behavior alone can explain 
the high prevalence of HIV in sub-Saharan Africa. The surveys demonstrate, 
on the contrary, that within every country studied there is considerable vari-
ation in sexual behavior—some people have many partners but most people 
have very few—and that prevalence of HIV across the globe does not correlate 
with patterns of risky behaviors, such as early sexual debut, extra- or premarital 
sex, number of partners in a year, or number of lifetime partners (for example, 
Cleland et al. 1995; Singh et al. 2000; Smith 1991; Turner 1993; UNAIDS 1999; 
Wellings et al. 2006).

Although survey research has found that risky sexual behavior is, if anything, 
less common in sub-Saharan Africa than elsewhere, HIV prevention policy for 
the region continues to focus almost exclusively on sexual behavior. While indi-
viduals who engage in risky sexual behavior are more likely to become infected 
with HIV within any population, the behavioral approach cannot explain preva-
lence of HIV in sub-Saharan African countries that is 10 to 250 times that of 
affluent countries in North America and Europe. The behavioral paradigm also 
provides no explanation for the greater vulnerability of individual sub-Saharan 
Africans compared to North Americans and Europeans.

In the 1990s, a second important empirical finding further undermined the 
validity of the behavioral paradigm. Researchers found that HIV is not a particu-
larly virulent pathogen and that per-act transmission rates are quite low between 
otherwise healthy adults in heterosexual exposure (Boily et al. 2009; Chan 2005; 
Gray et al. 2001; Pilcher et al. 2007; Powers et al. 2008; Quinn et al. 2000; 
Wawer et al. 2005). Moreover, the infectivity of the person with HIV varies as 
the disease progresses. After an initial, brief spike in infectivity, transmission 
risk drops precipitously. From then until the onset of AIDS, the risk of trans-
mission is so low that it calls into question the theoretical possibility of an HIV 
epidemic driven exclusively by heterosexual activity (Pinkerton et al. 2000). For 
an epidemic to be sustained, each infected individual must pass on the virus 
to at least one other person before death, but for most of the time that people 
have HIV, the risk of transmission is extremely low. To continue to characterize 
African sexuality as exceptionally dangerous, defenders of the behavioral para-
digm had to respond to survey data that showed unexceptional sexual behavior 
in sub-Saharan Africa and evidence of the low infectivity of HIV in heterosexual 
exposures.
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The attempt to rescue the behavioral paradigm

By the mid-2000s, the empirical evidence regarding sexual behavior in sub-
Saharan Africa and HIV transmission rates, together with challenges to the 
behavioral paradigm by its few but persistent critics (inter alia, Packard and 
Epstein 1991; Stillwaggon 2000, 2001, 2002, 2003) led to a new variant of the 
behavioral paradigm. Conceding that most forms of risky sexual behavior are 
no more prevalent in sub-Saharan Africa than elsewhere, the promoters of the 
updated version of the paradigm argued that long-term overlapping partner-
ships, referred to as concurrency, are much more common in the region (Epstein 
2007; Halperin and Epstein 2004, 2007). Furthermore, they argued that those 
concurrent partnerships spread HIV much more rapidly than sequential multiple 
partnering (Morris and Kretzschmar 1997, 2000). In a matter of a few years 
between 2004 and 2006, what had been occasional musings about concurrency 
in the 1990s by a handful of researchers (Hudson 1993; Watts and May 1992) 
were transformed into the new conventional wisdom. Since then, proponents of 
the concurrency hypothesis have continued to promote their cause (Epstein and 
Morris 2011; Mah and Halperin 2010; Morris 2010; Morris et al. 2009, 2010).

The explanation offered for the special efficiency with which concurrency is 
hypothesized to spread HIV is as follows: if a person infects his or her partner, 
but neither of them has another partner, then the infection is “trapped” until 
the partnership dissolves and new partnerships are formed. In contrast, overlap-
ping partnerships can allow the formation of sexual networks through which 
infection can spread. For there to be an epidemic of HIV, however, those who 
become infected must have frequent sex with an uninfected partner during the 
first few months of infection because only during that brief period are per-sex-
act transmission rates high enough to create or sustain a heterosexual epidemic 
(Epstein and Morris 2011; Halperin and Epstein 2004, 2007; Mah and Halperin 
2010). Concurrency proponents argue that only long-term overlapping relation-
ships provide the opportunity for sexual exposures frequent enough to generate 
the rapid spread of HIV.

Modeling concurrency

To show that concurrency spreads HIV more rapidly than other forms of 
multiple partnering, one must use mathematical models of epidemic dynamics. 
A pioneering model described in a series of articles published between 1996 
and 2000 showed that concurrency could, under very unrealistic assumptions, 
spread HIV more effectively than serial monogamy (Kretzschmar and Morris 
1996; Morris and Kretzschmar 1997, 2000). That model played a pivotal role 
in turning the concurrency hypothesis into conventional wisdom. The model 
was mathematically impressive, but also intimidating to those who had neither 
the temperament nor skills to unravel it. One version of the model found that 
“when one-half of the partnerships in a population are concurrent, the size of 
the epidemic after 5 years is 10 times as large as under sequential monogamy” 
(Morris and Kretzschmar 1997: 641). Astronomical rates of increase in HIV 
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generated by dazzling but impenetrable mathematics convinced many that the 
concurrency hypothesis was correct and muted the criticism of others.

To generate that tenfold difference, however, the model assumes a per-sex-act 
risk of transmitting HIV that is approximately 100 times the generally accepted 
estimate (Boily et al. 2009; Chan 2005; Hollingsworth et al. 2008), rates of concur-
rency higher than ever observed for any country, and equal rates of concurrency 
for men and women (although every survey finds women reporting far less concur-
rency than men). The model assumed that everyone had sex with every partner 
every day (up to four times a day, every day). Common sense and a substantial 
body of research show that the assumption is fantastical. One study, for example, 
reports on national surveys in five sub-Saharan African countries and shows that 
between 32 and 59 percent of adults with regular partners report no sex with their 
regular partner in the previous month (Caraël 1995). Another study of nine coun-
tries in the region finds that the frequency of sex for women in their first year of 
marriage ranged from 2 to 4.4 times per month and was much less frequent in later 
years of marriage (Brewis and Meyer 2005). Numerous other studies show the 
same pattern of infrequent sex in long-term partnerships (for citations, see Sawers 
and Stillwaggon 2010a: 3–4).

With the help of Alan Isaac, we have created a model that is identical to 
Morris and Kretzschmar’s with two exceptions. It replaces their unrealistic 
rates of transmission with rates provided by widely respected authorities on the 
subject (Hollingsworth et al. 2008). In addition, our model, unlike Morris and 
Kretzschmar’s, incorporates vital dynamics, that is, births and deaths. Simulating 
our model with the more realistic transmission rate produces HIV prevalence 
that is the same at every level of concurrency including serial monogamy, not 
the tenfold difference that Morris and Kretzschmar found. When half of partner-
ships are concurrent, HIV prevalence rises from 0.05 percent to 45 percent in 
Morris and Kretzschmar’s model. Our model if anything overstates the increase 
in HIV prevalence, since the inclusion of vital dynamics accelerates the spread 
of HIV. Nevertheless, with realistic transmission rates, HIV prevalence in our 
model increases from 0.05 percent to only 0.06 percent.

Morris and Kretzschmar describe their article as a “proof of concept,” but the 
promoters of the concurrency hypothesis used the results of the model to demand 
an immediate reorientation of HIV prevention policy to address concurrency 
(Epstein 2007; Morris 2010). The hypothesis is now dictating HIV prevention 
policy in many countries of sub-Saharan Africa. As early as 2006, the official 
position adopted by SADC (the consortium of the 15 countries of southern Africa) 
included concurrency as one of two key drivers (along with lack of circumcision) 
of the HIV epidemics in the region (SADC 2006; Shelton 2009). 

Recent efforts to incorporate realistic assumptions about parameter values into 
the Morris and Kretzschmar model show that concurrency cannot be an impor-
tant driver of HIV epidemics in sub-Saharan Africa. Eaton et al. adapted the 
original Morris and Kretzschmar model using transmission rates that reflect the 
current consensus among researchers and incorporating the variation in infec-
tivity at different stages of infection. That modeling shows that HIV epidemics 
move to extinction if the prevalence of concurrency (the average of men and 
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women’s rates) is 8 percent or less (point prevalence, that is, measured at a point 
in time; Eaton et al. 2010). Their results are a serious blow to the concurrency 
hypothesis since no survey using currently accepted questionnaire designs 
(UNAIDS Reference Group on Estimates 2009) has found any country-level 
point prevalence of concurrency in sub-Saharan Africa or anywhere higher than 
8 percent. For example, recent surveys that were the first to use the methodology 
for measuring concurrency recommended by a group of experts convened by 
UNAIDS (UNAIDS Reference Group on Estimates 2009) found point preva-
lence of concurrency to be 5.1 percent in Lesotho (based on our calculations from 
the survey dataset provided by Measure DHS, www.measuredhs.com) and 3.7 
percent in Malawi (National Statistical Office and ICF Macro 2011).

We have made a modification of Eaton et al.’s model to correct a problem that 
is found in most if not all other models of sexual network dynamics and HIV. 
Previous models simplified their analysis of sexual networks by assuming the 
same frequency of sex in every partnership. Models have assumed that people 
with two, three, or four partners have double, triple, or quadruple the frequency of 
sex as someone who has a single partner. Not only is that intuitively implausible, 
it contradicts all of the available evidence on coital frequency in multiple part-
nerships (Sawers et al. 2011). We incorporated empirically based assumptions 
about coital dilution—the lower frequency of sex in secondary partnerships—
into Eaton et al.’s model. Doing so generates simulated HIV epidemics that move 
rapidly to extinction at any level of concurrency, including serial monogamy. 
Thus, properly constructed mathematical models show that the concurrency 
hypothesis cannot be correct because concurrency does not spread HIV more 
effectively than other forms of multiple partnering.

Concurrency in sub-Saharan Africa

For the concurrency hypothesis to be valid, concurrency not only has to spread 
HIV more effectively than other forms of partnering, it must also be substantially 
more common in sub-Saharan Africa than elsewhere. Our systematic review of 
studies published between 2004 and 2010 by the most prominent proponents 
of the concurrency hypothesis, finds that none of the studies they cite provides 
credible support for the proposition that concurrency is unusually high in sub-
Saharan Africa (Sawers and Stillwaggon 2010a).

The proponents of the concurrency hypothesis whose works we exam-
ined repeatedly confuse data on concurrent and non-concurrent partnerships. 
They incorrectly report data from more than a third of the studies they cite. 
They compare data with different numerators (from different age brackets, for 
example) or different denominators (all adults, or those who are sexually experi-
enced, or those who are sexually active). Most of the studies they cite cover cities 
or regions that are not representative of the country of which they are a part or 
are based on very small and/or non-random samples. Almost all of the studies 
they cite use definitions of concurrency that UNAIDS and the proponents of 
the hypothesis themselves argue are poor measures of concurrency and lead to 
overestimation (UNAIDS Reference Group on Estimates 2009). All of the errors, 

www.measuredhs.com
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inaccuracies, imprecise statements, and obfuscation exaggerate the difference 
between concurrency in Africa and concurrency elsewhere.

In short, after 20 years of trying, the proponents of the concurrency hypothesis 
have failed to demonstrate that concurrency exposes people to an especially high 
risk of HIV infection or that concurrency is especially common in sub-Saharan 
Africa. The notion that exceptional sexual behavior in sub-Saharan Africa 
explains the HIV epidemics there is without empirical support. Acceptance of 
the behavioral paradigm, however, has blocked consideration of other factors that 
contribute to high rates of HIV transmission in sub-Saharan Africa.

Other factors influencing the spread of HIV
The exclusive focus on African sexual behavior abstracts from the many other 
factors that influence health and vulnerability to any disease for people in the 
region. The majority of children born to HIV-infected mothers do not acquire 
the virus at birth. The difference in vertical transmission risks between sub-
Saharan Africa and high-income countries was an early clue to the importance of 
ecological factors in HIV transmission. In the mid-1990s, before anti-retroviral 
therapy was introduced to prevent mother-to-child transmission of HIV, about 
40 percent of infants born to HIV-infected mothers in sub-Saharan Africa were 
infected at birth, about 25 percent in the US, and about 14 percent in Europe 
(Fowler and Rogers 1996). That was evidence that differences in immune status 
of both infected (the mother) and uninfected (the child) individuals had an impor-
tant effect on HIV transmission risk.

Furthermore, the overwhelming majority of sex acts with an HIV-infected 
person do not lead to transmission. For most of the time that a person is infected 
with HIV, his or her risk of infecting a partner is less than 1 in 1000 sex acts if 
both partners are otherwise healthy. Even in the 1990s, it was known that sexual 
intercourse was a proximate, but not necessarily sufficient, cause of HIV transmis-
sion. Thus, focusing almost all research and policy resources on a sexual explana-
tion for high HIV prevalence in sub-Saharan Africa was a radical departure from 
conventional evidence-based epidemiology that considers contributing factors. 
That diversion of research and policy funding continues to the present day.

While the behavioral paradigm has dominated HIV prevention policy and social 
science HIV research of the past 20 years, some medical researchers continued to 
employ the conventional epidemiological methodology, exploring the ecological 
context in which the AIDS epidemic was spreading in sub-Saharan Africa. As 
we demonstrate, a substantial body of scientific literature indicates that host and 
ecological factors play an important role in determining an individual’s vulner-
ability to HIV infection and the contagiousness of HIV-infected partners (and 
mothers). Poor nutrition and parasitic and infectious diseases weaken the immune 
system and make people more vulnerable to infection with HIV as they would 
for any disease, however transmitted (Bentwich et al. 1995). Moreover, certain 
diseases, discussed below, are highly prevalent in Africa and provide more effi-
cient transmission routes for HIV during heterosexual and vertical (mother-to-
child) exposures.
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Nutrition

From 1988 to 1998, when nascent or concentrated HIV epidemics developed 
into generalized epidemics in sub-Saharan Africa, 30 percent of the population 
of the region was malnourished (World Bank 1998). Malnutrition increases 
vulnerability to infectious and parasitic diseases generally, increases HIV 
viral load and viral shedding, and undermines the integrity of the skin and 
mucosa, thereby increasing sexual and vertical transmission of HIV (Beisel 
1996; Chandra 1997; Fawzi and Hunter 1998; Friis and Michaelsen 1998; John 
et al. 1997; Landers 1996; Nimmagadda et al. 1998; Pelletier et al. 1995; Semba 
et al. 1994; Stillwaggon 2006). While poor nutrition is a serious problem in 
parts of Asia and much of Latin America, sub-Saharan Africa was the only 
world region in which protein and calorie consumption declined from 1970 to 
1990 (UNDP 2000).

Malaria

More than 90 percent of all acute malaria infections occur in sub-Saharan 
Africa. Malaria increases viral load up to ten times for as much as seven 
weeks after an episode of fever, and that can double heterosexual transmis-
sion (Abu-Raddad et al. 2006; Hoffman et al. 1999; Whitworth et al. 2000). 
The World Health Organization estimates that there are over 200 million cases 
of malaria in Africa every year and 750,000 deaths (WHO 2008b: viii). An 
HIV-infected person could have elevated viral load for more than half of every 
year if repeatedly reinfected.

Schistosomiasis

Virtually all cases of urogenital schistosomiasis occur in Africa, and it afflicts 
more than 100 million people in the region (WHO 2008a). Schistosome worms 
(Schistosoma hematobium) and their eggs colonize the reproductive tract in 
men and women, causing inflammation, viral shedding, and genital ulcers that 
increase transmission of HIV (Attili et al. 1983; Feldmeier et al. 1995; Leutscher 
et al. 1998; Marble and Key 1995). Women with genital ulcers of schistosomiasis 
have three times the risk of being infected with HIV as women in the same village 
without genital ulcers of schistosomiasis (Kjetland et al. 2006). According to the 
World Health Organization (WHO), schistosomiasis is highly prevalent in every 
country in sub-Saharan Africa, including high HIV prevalence countries such 
as Botswana, Swaziland, Lesotho, South Africa, and Namibia, and in no other 
country except Algeria (WHO 2004). A recent double-blind, controlled trial 
found that treating ascariasis (caused by a soil-transmitted intestinal worm) in 
HIV-infected persons results in a statistically significant increase in CD4 counts 
(Walson et al. 2008). That suggests that a simple, inexpensive (2 US cents) and 
effective deworming medication could allow HIV-infected people to be healthier, 
reducing the risk of infecting their partner, and allowing postponement of antiret-
roviral therapy.



HIV epidemics in sub-Saharan Africa  247

Non-sexual transmission

In addition to disease co-factors that can increase per-act transmission rates 
during heterosexual and vertical exposure, we must also recognize that non-
sexual modes of transmission could play an especially important role in sub-
Saharan Africa and among other poor populations. There are numerous, common 
medical blood exposures (for example, injections with unsterilized syringes, 
blood transfusions, catheter and intravenous placements, and internal obstetrical 
examinations) and non-medical blood exposures (for example, barbering and 
hairdressing, tattooing, scarification, injections given by non-medical personnel, 
and intravenous recreational drug use) that can potentially transmit HIV (Brewer 
et al. 2003; Deuchert and Brody 2006; Gisselquist 2008). Some have argued that 
civil war, high levels of violence, and associated sexual assaults on women accel-
erate the spread of HIV (Mworozi 1993; Serwadda et al. 1985). Nevertheless, they 
also disrupt the healthcare delivery system and thereby reduce iatrogenic and 
nosocomial transmission (infection spread by medical treatment or in a health-
care facility), so the net effect is unclear (Gisselquist 2004). Even if each one of 
those possible non-sexual routes of transmission produces only a small share of 
new infections, together they would play an important role in the epidemics of 
sub-Saharan Africa and provide an explanation for why at the present time more 
women than men are infected.

By 2004, most of the information about the connection between HIV and 
malaria, schistosomiasis, helminthes, and malnutrition was available in the 
medical literature. There was also ample evidence that HIV transmission through 
the many kinds of blood exposures were common. Nevertheless, that evidence 
was ignored by most of the HIV/AIDS community. In light of the conventional 
epidemiological understanding of disease synergies and the evidence that inter-
actions of specific parasites and infections increase vulnerability to and conta-
giousness of HIV, the exclusively behavioral focus of AIDS policy reveals a very 
simplistic notion of disease causation. Moreover, transmission of HIV between 
men is much more efficient than heterosexual transmission (Chan 2005), but the 
role of men having sex with men in sub-Saharan HIV epidemics has been almost 
completely ignored. The single-minded focus not just on sexual behavior but 
also on heterosexual behavior, and the refusal to consider the ecological environ-
ment of HIV in Africa (which increases the transmission efficiency of a virus 
that is normally not very infectious), have been a costly detour. That has caused 
a deadly delay in addressing the true drivers of HIV in sub-Saharan Africa and 
other impoverished populations.

AIDS policy became derailed, but why is it still off track?
We have argued that there is, at best, feeble evidence supporting the behavioral 
paradigm and that there are viable alternatives for which substantial scientific 
support is at hand. Why then does the HIV/AIDS research and policy community 
cling to the behavioral paradigm while ignoring more plausible explanations for 
sub-Saharan Africa’s extraordinarily high HIV prevalence? We argue that, in the 
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decades-long project of addressing AIDS in sub-Saharan Africa, politics won 
out over science. One of the most important aspects of political dominance is 
the ability to define problems and to define groups, both the Self and the Other. 
Westerners (that is, high-income countries) dominate international organizations 
and bilateral donor organizations in research and policy, and Western views hold 
sway even among elites in poor countries. Politically dominant organizations, 
including academia, have defined AIDS discourse.

Racial stereotyping

In the past, racism played an important role in providing the justification for 
slavery and then colonialism, and old ideas can linger in the public psyche long 
after they are directly useful. Racial stereotypes continue to pervade Western 
culture, casting their shadow over scholarship and public policy, even among 
persons who, on a conscious level, vigorously and sincerely oppose racial 
discrimination.

Gunnar Myrdal, a Swedish economist writing about race relations in the United 
States, observed that cultural influences “pose the questions we ask; influence 
the facts we seek; [and] determine the interpretation we give these facts” (Myrdal 
1944: 92). He continued: “Biases in research … are not valuations attached to 
research but rather they permeate research … [and] insinuate themselves into 
research in all stages, from its planning to its final presentation” (Myrdal 1944: 
1043). The influence of notions of “race” in both the popular mind and in the 
imagery of science is insidious and difficult to counter because so much of racial 
stereotyping is in the “unstated assumptions and unthinking responses” (Dubow 
1995: 7), rather than in explicit postulates. That is aggravated by the tendency 
for both academic and journalistic writing about sub-Saharan Africa to consist 
of a “repertoire of amazing facts” (Coetzee 1988: 13). Writing about sub-Saharan 
Africans, popular and scholarly, almost always emphasizes how they are different 
from others, not their commonality with people everywhere. Given the presump-
tion of difference with which authors, readers, reviewers, and editors begin, there 
is a much lower bar for what constitutes evidence regarding Africans, as long as 
what is written fits those preconceived notions.

Notions of racial difference pervade the social science literature on AIDS in 
Africa and were especially explicit during the first 15 years of the epidemic. 
No one uses the word race, but the notion enters into the discourse as “culture.” 
Two of the most frequently cited anthropological works of the first two decades 
of the AIDS pandemic employ a foundational metaphor to convey the idea that 
modern-day sub-Saharan African fertility and sexual behavior choices derive 
from a religious world view that harks back to the dawn of humankind. The 
authors propose “a focus on Africa as the domain of Homo ancestralis … [to] 
explain many African anomalies” (Caldwell and Caldwell 1987: 410; see also 
Caldwell et al. 1989). Those articles never say that there are primordial genetic 
differences that set sub-Saharan Africans apart from everyone else and thus 
explain “African anomalies,” but the use of species terminology and italicized 
Latin words in the metaphor “Homo ancestralis” inescapably makes that point. 
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The metaphor is especially effective in a discussion of sexual behavior because 
so much of the racial difference literature of the nineteenth and early twen-
tieth centuries focused on the sexuality of sub-Saharan Africans (Dubow 1995; 
Gould 1981; Stepan 1982). Racial science in an earlier epoch and popular racial 
stereotypes that persist to the present day stress sexual differences between the 
races, and portray sub-Saharan Africans as exotic, strange, and even disturbing 
(Gilman 1985, 1990, 1992).

In 1989, Caldwell et al. used the Homo ancestralis metaphor to explain 
sub-Saharan African AIDS in a social context they had already characterized 
as primeval. The premise of their interpretation of both fertility preference 
(Caldwell and Caldwell 1987) and HIV prevalence (Caldwell et al. 1989) is that 
sub-Saharan Africans are so different and their belief system so ancient that they 
are inscrutable to the Western (read “modern”) mind. Their articles were cited 
in hundreds of scholarly works and policy documents as though they had estab-
lished their argument empirically. Many other works in the 1980s and 1990s 
made similar or even less subtle arguments purporting to explain the prevalence 
of HIV in sub-Saharan Africa by asserting unusual cultural practices or cultural 
idiosyncrasies for which there was no empirical evidence (Delius and Glaser 
2001; Ford 1994; Forster 2001; Rushing 1995). In spite of the lack of evidence, 
the theme in much AIDS scholarship and policy literature remains that “Africans 
are not like everyone else.”

In the early years of the HIV epidemics, the fear that a heterosexual epidemic 
could engulf North America and Europe reinforced the desire to posit a sub-
Saharan African “Other.” High-income countries had very serious epidemics of 
other sexually transmitted diseases, so the potential for a heterosexual epidemic 
of HIV seemed quite probable. As the dimensions of the sub-Saharan African 
epidemics grew increasingly clear, racial stereotypes provided assurance that HIV 
was still restricted to specific types of people, that is, to the “Other.” Westerners 
could find security in the belief that the African HIV epidemics were in a faraway 
place and among people with very different sexual behavior. As Roger Chapman 
describes it, HIV was framed “in terms of the types of people who were getting 
it, rather than the ways they were becoming infected” (Chapman 2009).

Blatantly racial arguments in the scholarly literature on sub-Saharan African 
HIV epidemics are rare now in contrast to the 1990s. More common are works 
that begin from an assumption about sub-Saharan African sexual behavior that 
is essentially comparative without providing comparative data. The literature 
abounds with broad, unsupported assertions about presumed differences in 
behavior that resonate with Western stereotypes of sub-Saharan Africans. We are 
not suggesting that the proponents of the concurrency hypothesis are attempting 
to make a racial argument. But the question they pose, as do all proponents of the 
behavioral explanation of HIV in sub-Saharan Africa, is this: how are Africans 
different from everyone else?

One example of the characterization of Africans as fundamentally different 
from everyone else is the repeated emphasis on transactional sex, or the exchange 
of sex for material gain. Proponents of the concurrency hypothesis frequently 
use the notion of transactional sex to bolster their arguments about concurrent 
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partnerships in sub-Saharan Africa (Epstein 2007; Halperin and Epstein 2007; 
Mah and Halperin 2010). Transactional sex, it is even claimed, is the “norm” in 
sub-Saharan Africa (Shelton 2009). Young women in sub-Saharan Africa are 
portrayed as poor, materialistic, and thus eager to trade sexual favors for gifts 
such as clothes, cosmetics, or a cell phone. It is never stated explicitly, but the 
necessary presumption for the argument to work is that sub-Saharan Africans (a 
billion people from 2000 ethnic groups) have attitudes condoning sex-for-gifts 
transactions that are different than elsewhere. The language used to make the 
argument, on its face, appears to emphasize the distinction between transactional 
sex and commercial sex work. But the only difference ever mentioned is that 
transactional sex sometimes involves gifts, not cash. In this way, the “norm” for 
sex in sub-Saharan Africa is collectively branded as prostitution. None of these 
discussions of transactional sex in sub-Saharan Africa is placed in a compara-
tive context. Those who talk about transactional sex seem unaware that women 
receive gifts from lovers in every country on earth, including, for example, the 
practice of Valentine’s Day in Western countries. The transactional sex discourse 
is one more way to make sub-Saharan Africans “the Other.” It is about exception-
alizing their sexual behavior.

Western researchers, editors of academic journals, bilateral donor agencies, 
and international organizations have the power to define and delimit AIDS 
discourse in sub-Saharan Africa to the behavioral paradigm. That paradigm 
has abstracted from every other factor in the ecology of HIV dynamics, and 
all that remains in the explanation of high rates of HIV in sub-Saharan Africa 
is sexual behavior. The power to define AIDS discourse in behavioral terms is 
the most important part of determining research questions and policy responses. 
Because the question—how are Africans different from everyone else—seems 
so reasonable to most people, the behavioral paradigm and its latest variant, the 
concurrency hypothesis, became the conventional wisdom without a demand for 
credible empirical support. The answer to the question is not nearly as important 
as the question itself.

Institutional inertia

An ideology of racial superiority provided the justification for carving up Africa, 
Asia, and Latin America into colonies and spheres of influence. Moreover, 
in the late nineteenth and early twentieth centuries, the slowing birth rates of 
Europeans stoked fears in Europe and North America of being overwhelmed by 
people of color. Western stereotypes of people of color as strange, dangerous, and 
numerous were recast in the mid-twentieth century as the “population bomb.” 
That emphasis on “too many births” encouraged Western aid to developing coun-
tries to focus on sex and reproduction rather than on the need for food, housing, 
clean water, health care, personal freedom and safety, economic stability, 
and education, all of which influence the demographic transition, morbidity, 
mortality, and fertility preference.

The political environment of the 1980s and 1990s further narrowed the 
development agenda in the United States to little more than population control, 
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so organizations whose mission was to slow population growth played an 
increasingly prominent role in external assistance to developing countries. By 
the time that HIV prevention became an objective of US foreign aid policy, the 
behavioral paradigm was already firmly rooted in AIDS discourse for Europe 
and North America. Consequently, official and unofficial external assistance to 
HIV prevention efforts in sub-Saharan Africa focused almost exclusively on 
changing sexual behavior. Donors in the United States and elsewhere naturally 
turned to population-control organizations since they had decades of experi-
ence in talking about sex and condoms to sub-Saharan Africans. Except for 
those accustomed to promoting population control, discussing HIV was not 
within most people’s comfort zone. Thus, population control organizations 
took the lead and ultimately were given wide latitude in shaping HIV preven-
tion in sub-Saharan Africa.

Some sexual behaviors, such as having many partners, clearly raise one’s 
risk of HIV infection. To the extent that the safe-sex message has been effec-
tive in encouraging behavior change (the experts do not agree), then the work 
of population-control organizations has played a role in slowing the spread 
of HIV in sub-Saharan Africa. But organizations whose institutional mission 
derives from their origins in population control necessarily view the people and 
the problem of HIV in sub-Saharan Africa in sexual and reproductive terms, 
rather than in epidemiological terms, or even more broadly in the context of 
social and economic determinants of health. That lent institutional momentum 
to the choice of sexual behavior change as the almost exclusive focus of HIV 
prevention policy.

An example is instructive: prevalence data suggested that international border 
crossings in sub-Saharan Africa were hot spots for HIV transmission because 
truckers were compelled to wait for as much as 10 days to clear customs. They 
found either that there were no hotels or that it was cheaper to visit prostitutes 
than pay for a room during their long stays at the border. A number of these border 
posts are, not surprisingly, in ecological zones with numerous disease vectors, 
since rivers form the borders in much of the region. Looking at the economic and 
ecological context, the obvious solution is to reduce costly and wasteful customs 
regulations that strangle trade and slow economic growth, as well as impeding 
cross-border trucking in ecological hotspots.

To resolve this source of epidemic spread of HIV at border posts, USAID 
engaged the resources of three population-control organizations that implement 
behavior change communication and condom distribution projects. Their solu-
tion naturally was behavior change and condom distribution. As stop-gap meas-
ures, neither behavior change nor condom distribution was a bad idea. Identifying 
the problem in such a limited way, however, merely created a permanent need 
for such programs. They ignored a critical opportunity for addressing a serious 
economic, political, and ecological problem in a sustainable and creative way. 
The choice of contract partners (and the power or latitude of USAID to choose 
those partners) reinforced the dominance of the sexual behavior paradigm that 
viewed sexual behavior as the principal driver of sub-Saharan Africa’s epidemics 
to the exclusion of broader epidemiological and ecological considerations.



252  Eileen Stillwaggon and Larry Sawers

Path dependence and institutional interests
Institutional inertia is not limited to bilateral aid organizations and international 
population-control organizations that are beneficiaries of billions of dollars spent 
on HIV prevention programs in sub-Saharan Africa. There are also thousands 
of sub-Saharan African non-governmental organizations whose raison d’être, 
funding rationale, and daily activities, such as running training programs and 
focus groups, are based on the behavioral paradigm. In addition, national and 
subnational governments in sub-Saharan Africa have HIV control agencies, other 
governmental bureaus involved in HIV prevention, and whole divisions of minis-
tries of health that channel the flow of dollars coming from government budgets 
and foreign donors. It is difficult for these organizations to consider programs 
outside the behavioral paradigm because of the institutional momentum that 
commonly characterizes all private and public bureaucracies. As one researcher 
who has interviewed most of the donor representatives and agency directors 
working on HIV prevention in Tanzania put it:

An organization specialized in abstinence workshops or information, 
education and communication campaigning, for instance, is unlikely to 
be a suitable implementing agency for non-behavioural structural preven-
tion measures [such as working on co-factor infections]. A shift in today’s 
prevention strategy would thus entail at least partial reallocation of exist-
ing resources. Given the organizations’ incomplete convertibility from one 
activity to another, this reallocation would imply taking funding away from 
some organizations and giving it to others. As a result, there is a political 
constituency for keeping preventive priorities unchanged, while, as of today, 
no clearly circumscribed constituency exists that would push for the adop-
tion of structurally oriented prevention measures.

(Hunsmann 2010)

Those bureaucratic fiefdoms with their thousands of jobs and millions of 
dollars in salaries then channel funds down to implementing partners. The crea-
tion of the Global Fund in 2002 and PEPFAR in 2003 produced a substantial 
acceleration of this avalanche of money, further cementing the power of vested 
interests in the behavioral paradigm. To accept that the paradigm is bankrupt 
would mean the loss of jobs, perks, and salaries of the many people whose careers 
and skills are linked to that paradigm (Hunsmann 2010).

That path dependence characterizes academic research as well. Researchers 
in universities in both high- and low-income countries have built their careers 
around elaborating and refining the behavioral paradigm. A social scientist 
who spends 20 years studying sexual behavior in sub-Saharan Africa cannot 
suddenly work in a laboratory studying malaria parasites and HIV replication. 
The behavioral paradigm is not just an intellectual concept; it is a multibillion 
dollar project. None of this is intended to say that people working in govern-
mental and non-governmental organizations and academia are not sincerely, 
perhaps with great passion and energy, trying to turn back the HIV pandemic. 
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But institutional inertia allows the continued dominance of a faulty paradigm 
that ultimately undermines hope for success.

Conclusion
In summary, for a quarter of a century, HIV epidemics in sub-Saharan African 
have been defined almost entirely through the lens of heterosexual behavior 
despite the lack of evidence that it is a useful approach. There are other, more 
plausible explanations for the extraordinarily high prevalence of HIV in the 
region that derive from epidemiological methods and are supported by evidence. 
Although ecological explanations of HIV epidemics have a more solid basis in 
scientific evidence, they lack the political momentum of the behavior-in-Africa 
paradigm and thus they are for the most part either politely ignored or scornfully 
dismissed. The behavioral paradigm, which is organized around the portrayal of 
sub-Saharan Africans as different from everyone else, is starkly devoid of nuance. 
It comprehends neither the politics nor the ecology of HIV spread. It draws atten-
tion away from the differences between rich and poor countries in nutrition, clean 
water, waste disposal, and access to safe healthcare that are important factors in 
disease transmission but are less entertaining and lack the culturally confirming 
ring of racial and sexual stereotypes. The HIV/AIDS industry grew up around 
the behavioral paradigm and cannot easily change course. The dominance of the 
behavioral paradigm also shields the medical establishment from charges that it 
has unwittingly spread the infection through poor infection control procedures.

The focus of this chapter is on sub-Saharan Africa, where most people with 
HIV live. We argue that the region’s nutritional and disease burdens are part of 
the ecological setting for sub-Saharan Africa’s extraordinary HIV epidemics. 
Two of the diseases we point to as critical cofactor infections helping to spread 
HIV have unusually high burdens in sub-Saharan Africa. Although malaria is 
found in scores of countries, 85 percent of malarial morbidity and mortality 
occurs in sub-Saharan Africa where it infects more than a fifth of the population 
every year (WHO 2008a). 

Almost everyone infected with Schistosoma haematobium lives in sub-
Saharan Africa, and it afflicts more than 10 percent of the population of the 
region. Furthermore, HIV apparently originated in Africa; the epidemic was 
building in the region long before HIV was recognized by medical professionals, 
and long before it arrived in other developing countries. While those factors help 
to explain why sub-Saharan Africa is more affected than other regions, they do 
not explain the divergence in incidence between, for example, west Africa and 
eastern and southern Africa. HIV epidemics are complex, contingent processes 
with multiple interacting causes (Sawers and Stillwaggon 2010b; Stillwaggon 
2009). No one has yet untangled completely the combination of factors that 
tipped the balance in sub-Saharan Africa, in particular in eastern and southern 
Africa, but the issues we raise in this chapter at least move the discussion in the 
appropriate direction.

This chapter has examined the socio-political reasons for the resilience of the 
behavioral paradigm despite its lack of empirical support, but there is reason 
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for optimism that change is possible. Most people accept the behavioral para-
digm because everyone else does. The end of any paradigm is brought about by 
unexplained anomalies: questions that cannot be answered within the existing 
intellectual framework (Kuhn 1962). There is a growing realization that HIV 
prevention policy has largely failed. In some countries in sub-Saharan Africa, 
HIV prevalence appears to have fallen, but there is no clear agreement among the 
experts that HIV prevention programs have actually played an important role in 
that decline. Furthermore, HIV prevalence has increased or remained essentially 
the same in more than half the countries in the region. The obvious failures and, 
at best, modest successes of HIV prevention measures are motivating many to 
search for a new understanding of what drives HIV epidemics in sub-Saharan 
Africa. Basing inquiry on sound epidemiological principles and asking the right 
questions about the ecology of risk are the essential first steps for turning back 
HIV epidemics in sub-Saharan Africa.
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14	 Disease as shock, HIV/AIDS 
as experience
Coupling social and ecological 
responses in sub-Saharan Africa

Brian King

Introduction
The spread and varied impacts of HIV/AIDS tragically demonstrate the 
complex and reciprocal relationships between the biophysical and socio-polit-
ical dimensions of human health. Within sub-Saharan Africa, academic and 
policy research has worked to detail the consequences of the disease for demo-
graphic patterns, national economies, and gender dynamics (Drimie 2003; de 
Waal and Whiteside 2003; Love 2004; Negin 2005; Barnett and Whiteside 
2006; Masanjala 2007; UNAIDS 2008; Bolton and Talman 2010). HIV/AIDS 
has been called a “major threat to development, economic growth and poverty 
alleviation in much of Africa” (Whiteside 2002: 313) and “the major develop-
ment issue facing sub-Saharan Africa” (Drimie 2003: 647). Current studies 
predict a dire future for agricultural production suggesting that increasing food 
insecurity will make human populations even more vulnerable to infection 
and reduce the lifespan of infected individuals (de Waal and Whiteside 2003; 
Bolton and Talman 2010). Other work has documented the livelihood impacts 
for individuals and households suffering from the disease while considering its 
diverse trajectories for economies, extractive industries, and natural resource 
dependencies (Love 2004; Negin 2005; Barnett and Whiteside 2006; Masanjala 
2007). In addition to the substantial social impacts, recent research has shown 
that the spread of HIV/AIDS is also transforming ecological systems, either in 
terms of intensifying pressures upon the natural resource base (Hunter et al. 
2008; Kaschula 2008) or threatening ecosystem functioning (Aldhous 2007; 
McGarry and Shackleton 2009). 

Even with these expansive impacts, HIV/AIDS has proven to be a perversely 
unequal disease, targeting specific demographic groupings, economic sectors, 
and biophysical systems (Baylies 2002; Stillwaggon 2006; see also Chapter 13 of 
the present volume). Understanding the contextually specific, spatially variable, 
and temporally variable impacts of the disease has been limited by at least four 
features of existing research. 

First, previous scholarship has tended to rely upon national data sets while 
concentrating upon the impacts of the disease on income and agricultural produc-
tion (Bachmann and Booysen 2004; Lemke 2005; Barnett and Whiteside 2006; 
Bolton and Talman 2010). Although essential in understanding broad patterns for 
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social and ecological systems, this focus has reduced attention to the contextual 
and localized dimensions of the disease. As Hunter et al. (2008: 104) explain, 
fuller understandings of the links between the disease and the natural environ-
ment “has been hampered by a shortage of HIV/AIDS data at the individual and 
household level.” 

A second feature of existing research has been an emphasis upon the effects 
following adult mortality that, while critically important, can obscure some of 
the challenges for those living with HIV, either in terms of securing resources 
for livelihood production (Barnett and Blaikie 1992), seeking access to anti-
retroviral medications (Jones 2005), or overcoming social and cultural stigmas 
attached to the disease (Campbell 2003; Posel et al. 2007). 

Third, there remains a tendency to focus upon the household as the unit of 
analysis for much of the existing research, which can reduce attention to the 
intra-household, gendered, and familial relationships that directly shape the 
impacts of HIV/AIDS and the specific ways that populations respond to disease 
transmission and adult mortality (Baylies 2002; Murphy et al. 2005). As will be 
detailed in this chapter, because families and communities in various regions of 
sub-Saharan Africa remain dependent upon a diverse set of resources to generate 
income and meet subsistence needs, the impacts of disease must be understood 
within a gamut of social processes, including the maintenance of land, collection 
of natural resources, gender and cultural dynamics, and regional political econo-
mies. Additionally, the long-term effects of the disease for social and ecological 
systems means that research and policy must attend to those affected, as well as 
infected, by HIV/AIDS. 

Fourth, some of the existing research lacks longitudinal data that would 
uncover some of the long-wave impacts of HIV/AIDS for social and ecological 
systems. In their review of the research on the interactions between HIV/AIDS 
and the natural environment, Bolton and Talman (2010) make this same point, 
concluding that localized and detailed assessments of these relationships remain 
largely anecdotal with few studies addressing the environmental and ecosystem 
impacts of natural resource use over extended time periods. As Bolton and 
Talman (2010: 27) suggest, “snapshot information gives a quick glimpse of 
issues, but without long-term follow-up the view is likely distorted, especially 
when dealing with ecological, health-related, and socio-economic conditions that 
are in a state of flux.” 

The intention of this chapter is to provide a review of the literature on HIV/
AIDS in sub-Saharan Africa, concentrating upon major themes employed in 
understanding the socio-political and ecological dimensions of human health. 
The first section of the chapter reviews some of the existing work on the social 
impacts of HIV/AIDS, focusing in particular upon how it has been theorized 
within livelihood studies, economics, and public health. As I work to show, 
a feature of much of this research is the reification of the idea of disease as a 
shock, either to households or livelihoods, or drawing upon the economic tradi-
tion of viewing shocks to economic systems (Davies 1996; Ellis 2000; Dercon 
et al. 2005; Kgathi et al. 2007). Even though HIV/AIDS has been shown to have 
unique features (Baylies 2002; Hosegood et al. 2007), many of these studies 
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liken the disease to other shocks, such as a famine or flood, in being a large, 
unpredictable, and irregular disturbance that destabilizes social and ecological 
systems. The second section provides a review of some of the research on the 
ecological impacts of HIV/AIDS, which similarly draws upon the idea of a shock 
in examining how ecosystems and natural resource management are disrupted 
and negatively impacted by the disease. The goal of this review is to outline 
key features of existing research because these conceptualizations guide inter-
ventions by various actors and institutions. As I work to show in this chapter, 
the discursive framings of HIV/AIDS have material impacts for both social and 
ecological systems being reshaped by the disease, as well as the policy interven-
tions that arise in response. 

The third section of the chapter argues that theorizing HIV/AIDS a shock 
might obscure some of the unique dimensions of the disease, and perhaps illness 
more generally, for social and ecological systems. While there is a logic to theo-
rizing disease as a shock, I argue that this emphasis has produced particular, and 
in some cases misleading, understandings of human health, especially within the 
context of the HIV/AIDS epidemic. Unlike other shocks or crises, the effects of 
HIV/AIDS have been shown to occur over a longer time period, are gradual and 
incremental, and are generally uneven within communities and regions (Barnett 
and Blaikie 1992; Love 2004; Hosegood et al. 2007; Fassin 2007). Drawing 
upon scholarship that seeks to address some of the methodological constraints 
of previous research by attending to the local and contextually specific dimen-
sions of the disease (Campbell 2003), its intra-household and familial features 
(Madhavan 2007; Schatz and Ogunmefun 2007), and the effects following HIV 
transmission (Hosegood et al. 2007), I argue that the spatial and temporal vari-
abilities of HIV/AIDS warrant renewed consideration. Additionally, given recent 
improvements in the availability of anti-retroviral therapy (ART)1 within sub-
Saharan Africa, it is possible for more people to live with the disease for extended 
periods of time (World Health Organization et al. 2010). As a result of these 
circumstances, this chapter argues that HIV/AIDS might be better theorized 
not as a shock that is large, unpredictable, and irregular, but as a health experi-
ence that is spatially and temporally dynamic, disproportionate, and dispersed. 
I conclude by suggesting how theorizing HIV/AIDS as a coupled socio-ecolog-
ical experience can contribute to emerging research on human health within the 
social and natural sciences.

HIV/AIDS as shock to social systems
Research from within geography, agrarian studies, rural sociology, development 
studies, and related disciplines have drawn upon the concept of a livelihood to 
understand the complex and reciprocal relationships between social and ecolog-
ical systems (Long 1984; Chambers 1987, 1997; Scoones 1998; Bebbington 1999, 
2000; Ellis 2000; McSweeney 2004; de Haan and Zoomers 2005; King 2011). 
While differentially understood and operationalized within these fields, liveli-
hoods have been shown to have utility for examining economic neoliberalization, 
the integration of rural areas into external markets and networks, or the processes 
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shaping social and environmental change across time and space (King 2011). 
Drawing upon the sustainable livelihoods framework (Scoones 1998; Ashley 
and Carney 1999), livelihoods are often understood as “the capabilities, assets 
(including both material and social resources) and activities required for a means 
of living” (Scoones 1998: 5). Alternatively, Bebbington (1999: 2022) presents a 
livelihood framework to understand not only survival and adaptation of social 
actors, but also their power “to act and to reproduce, challenge or change the 
rules that govern the control, use and transformation of resources.” Other work 
has advanced livelihood styles and pathways (de Haan and Zoomers 2005), live-
lihood strategies (Long 1984; McSweeney 2004), and livelihood mapping (Carter 
and May 1999; Kristjanson et al. 2005). Regardless of the particular framework 
employed, livelihoods research has been effective at demonstrating how access 
to resources and decision-making are simultaneously enabled and constrained by 
various processes working across spatial and temporal scales.

Much of the research on livelihoods can be classified by its focus upon how 
social actors are able to access a diverse array of assets, which are theorized as 
stocks of capital that vary depending upon political economic context and oppor-
tunity. The five main categories of capital assets are natural, physical, human, 
financial, and social capital (see Chapter 3 for an expanded discussion). As Ellis 
(2000) notes, natural capital is the stocks of the natural resource base (land, water, 
trees) while physical capital are assets created by economic production activities 
such as infrastructure, tools, and agricultural technologies. Human capital is the 
educational level and health status of individuals and populations that facilitate 
livelihood opportunities and decision-making. Financial capital refers to stocks 
of cash or credit, and social capital is routinely defined as the social networks 
and trust operating between individuals and communities. Different livelihood 
frameworks, whether capitals and capabilities (Bebbington 1999) or sustainable 
livelihoods (Scoones 1998; Ashley and Carney 1999), share an inclination to 
examine the availability of varied mixes of capital assets to social actors that 
can be used to meet basic needs or generate income for investment. Bebbington 
(1999) asserts the need to address the ways in which individuals combine and 
transform these capital assets to create livelihoods and the ways people are able 
to expand their asset bases through their engagement with the state, market and 
civil society. Finally, he argues that livelihood frameworks must address the 
ways in which individuals deploy and enhance their livelihood capabilities by 
changing the dominant rules and relationships governing resource access and 
distribution. Sustainability is also a feature of many livelihood studies, with 
research concentrating upon how resource demands or livelihood decision-
making can draw down on capital assets without reducing their availability over 
time. A particular livelihood is seen as sustainable if it is able to “cope with and 
recover from stresses and shocks, maintain or enhance its capabilities and assets, 
while not undermining the resource base” (Scoones 1998: 5; emphasis added).

Human disease is regularly conceptualized as a shock for livelihood systems 
that can have significant, and divergent, impacts over time and space (Ellis 2000; 
Cross 2001; Baylies 2002). Drawing upon his rural livelihoods framework, Ellis 
(2000) suggests that diseases, along with drought, floods, pests, and civil war, 
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are shocks that can modify access to capital assets through social relationships, 
institutions, and organizations. This socio-political context, also known as the 
vulnerability context (cf. Carney 1998), enables and constrains the livelihood 
strategies in which social actors are able to engage. Unlike stresses, which 
are smaller, predictable, and more regular, shocks are understood to be large, 
unpredictable, and irregular disturbances that can reduce or destroy assets. As 
Ellis (2000: 40) explains, “loss of access rights to land, accident, sudden illness, 
death, and abandonment are all shocks with immediate effects on the livelihood 
viability of the individuals and households to whom they occur.” Livelihoods 
research has highlighted the ways that a shock, particularly a famine, triggers 
coping strategies that result in a specific sequence of activities. As Ellis (2000) 
outlines, at the onset of a shock, households first pursue new sources of income 
through diversification. The second coping strategy involves an increased reli-
ance upon social relationships to provide a safety net for livelihood security. 
Third, temporary migration occurs with the goal of seeking out employment and 
reducing the pressures upon the household. Fourth, assets, such as livestock are 
sold to generate income, and fifth, fixed assets such as land or houses are often 
abandoned. Coping strategies are understood as distinct from adaptive strategies, 
which are seen as long-term responses to shocks intended to improve livelihood 
security (Davies 1996; Kgathi et al. 2007).

Research on the social impacts of HIV/AIDS has similarly conceptualized 
the disease as a shock.2 Drawing upon qualitative data from households in 
KwaZulu Natal, South Africa, Cross (2001) refers to both poverty and AIDS 
as an economic shock, suggesting that the shocks resulting from AIDS-related 
death intensify the challenges of severe poverty. Hunter et al. (2008: 104) suggest 
that “the ill health and mortality resultant of HIV/AIDS can present a difficult-
to-manage shock to rural livelihoods particularly in regions characterized by 
high levels of dependence on collection of proximate natural resources for fuel, 
sustenance and/or market goods.” Based upon research in the Ngamiland district 
of Botswana, Ngwena and Mosepele (2007) liken AIDS to a shock, detailing its 
impacts for families dependent upon fishing in the panhandle of the Okavango 
Delta. In a related study, Kgathi et al. (2007) outline the impacts from three 
shocks for rural livelihoods in the Okavango Delta, specifically the desiccation of 
river channels, animal diseases, and HIV/AIDS. Defining shocks as large, unpre-
dictable, and irregular disturbances, they conclude that HIV/AIDS differs from 
other shocks because, among other reasons, it has long-term impacts. Findings 
from focus groups in the villages of Shorobe, Gudigwa, and Seronga indicate that 
“the HIV/AIDS epidemic was the most devastating shock they had ever experi-
enced, not comparable with other shocks in Botswana” that resulted in coping 
strategies such as a reduction in child-bearing, intra-household reallocation of 
labor, the sale of assets to cover medical and funeral costs, and reliance upon 
social networks and family members (Kgathi et al. 2007: 303). 

Representations of disease as a shock is also common within the public health 
and economics literatures that tend to assert that various diseases, including 
HIV/AIDS, disrupt demographic and economic systems (Dercon et al. 2005; del 
Ninno and Marini 2005; Russell 2005; Christiaensen et al. 2007; Abegunde and 
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Stanciole 2008). In a longitudinal study from South Africa, Goudge et al. (2009) 
examine coping to illness through household expenditure patterns, concluding 
that state subsidies can enhance livelihood resiliency to HIV/AIDS. As with 
studies from other African countries, they find that social networks are important 
in supporting households dealing with illness. Dercon et al. (2005) report from 
household surveys in Ethiopia that the most commonly reported worst shocks 
were drought, illness and death, which resulted in reduced consumption. Russell 
(2005) points to the limited number of longitudinal studies on the economic 
burden of illness to show how the inclusion of qualitative case study research 
reveals that the reliance upon household surveys as a primary source of data 
can underestimate cost burdens. Additionally, drawing from qualitative studies 
from Sri Lanka he shows that a diversity of assets and access to social networks 
and formal and informal financial institutions can increase resilience to illness-
induced poverty.

Linked to the impacts of shocks such as disease upon livelihood outcomes is 
the concept of vulnerability, which attends to the degree of exposure or suscep-
tibility to a potentially disruptive event. As Chambers (2006: 33) explains, 
“Vulnerability has thus two sides: an external side of risks, shocks, and stress 
to which an individual or household is subject; and an internal side which is 
defencelessness, meaning a lack of means to cope without damaging loss.” As 
with other elements of livelihoods frameworks, vulnerability has been opera-
tionalized by some of the research on the impacts of disease through the clas-
sification of households according to vulnerability. For example, Goudge et al. 
(2009) categorized rural households as secure, vulnerable, or highly vulnerable 
depending upon members’ employment status and security, household expendi-
ture and asset portfolios. Based upon these criteria, it is suggested that certain 
households are better equipped to cope with illness and mortality, while others 
are more vulnerable due to a lack of capital assets or family support. Some studies 
suggest that erosion of household assets increases stress (Barany et al. 2005) 
and can trigger a self-reinforcing cycle that pulls the household towards greater 
vulnerability (Cross 2001). In their extensive review of the links between HIV/
AIDS and the natural environment, Bolton and Talman (2010: 33–34) explain:

Decreased coping ability makes people and communities more vulnerable 
to HIV/AIDS. HIV/AIDS in turn leads to increased dependence on natural 
resources, as households lose labor force, land tenure, and traditional knowl-
edge and are less able to maintain their previous livelihoods. This increased 
reliance on natural resources in turn makes communities even less able to 
cope, as they become more and more exposed to the vagaries of nature, 
weather, and availability of resources. Infection with HIV/AIDS also itself 
decreases coping ability, which may lead to both behavior that increases 
HIV transmission and also increase natural resource use. The cycle is self-
reinforcing and reciprocal.

Research on the social impacts of HIV/AIDS has tended to reify the shock 
concept from livelihood studies and economics to suggest that the disease 
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contains features that are large, unpredictable, and irregular. These features 
can be tremendous within various sectors and have cumulative effects that 
undermine livelihood decision-making and social sustainability. In addition to 
reshaping social systems, either through livelihoods or through economic and 
political institutions, HIV/AIDS also has significant impacts for ecological 
systems throughout sub-Saharan Africa. The next section provides a review of 
some of the recent research demonstrating some of the biophysical dimensions 
of HIV/AIDS, which similarly to the literature on the social impacts, draws upon 
the shock concept. As will be shown, major themes of HIV/AIDS as an ecological 
shock consider how the disease is disrupting ecosystems, biodiversity, and future 
trajectories for natural resource management.

HIV/AIDS as shock to ecological systems
In addition to the social impacts arising from HIV/AIDS, the disease has 
similarly been theorized as a shock to ecological systems. Bolton and Talman 
(2010) suggest that, among many possible impacts, HIV/AIDS sufferers draw 
down upon natural resources, exploit natural resources in the short-term 
through unsustainable practices, shift land use systems including leaving agri-
cultural land fallow, and pressure currently protected natural resource areas 
due to increased need. The decrease in available food materials due to agricul-
tural decline prompts concern because it has been estimated that those infected 
with HIV typically require up to 15 percent more energy and 50 percent more 
protein, as well as more micronutrients (Beisel 2002; Friis 1998 in Kaschula 
2008). Increasing pressures upon natural resources collected for consump-
tion or income generation can similarly stress human resistance to HIV/AIDS. 
Kaschula (2008) reports on the collection of wild foods, specifically vegetables 
and fruits, from communal areas in South Africa to support household diet. 
This collection can include South African species that have substantially higher 
carotenoids and vitamin A, such as Amaranthus sp., Chenopodium album, and 
Bidens pilosa, which have been shown to play a role in reducing infection risk 
and slowing the progression of HIV into AIDS (cf. Melikian et al. 2001; Beisel 
2002). Food security, therefore, extends beyond the viability of agricultural 
production to include food materials extracted from communal ecosystems. 
The decreasing availability of food derived from agricultural production or 
collection can therefore increase vulnerability to infection and accelerate the 
progression of the disease. 

In analyzing the potential impacts of HIV/AIDS on biodiversity, McGarry 
and Shackleton (2009: 5) identify disease as a shock that “threatens a descent 
into deeper poverty” that will have concomitant repercussions for biodiversity 
and ecosystem functioning. Focusing upon the consumption of wild meat in 
response to AIDS mortality, they find seafood, riverine fish, forest mammals, 
birds, reptiles, and insects playing a significant role in children’s diets. Utilizing 
the AIDS proxy metrics from the Southern African Development Community 
Vulnerability Assessment Committee (SADC 2003), they classify households 
according to their vulnerability to the disease and its effects. Highly vulnerable 
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families were observed to hunt more regularly and consume more wild meat 
than less vulnerable families, causing McGarry and Shackleton (2009: 6) to 
conclude that “as the pandemic affects increasing numbers of households and 
undermines traditional coping strategies, it is conceivable that affected chil-
dren will range further into forests and rangelands to source sufficient food.” 
The implication is that the spread of HIV/AIDS places intensifying pressure 
upon the natural environment and will likely lead to degradation and loss of 
biodiversity. 

In a study on the livelihood impacts of HIV/AIDS in the Okavango Delta of 
Botswana, Kgathi et al. (2007) conclude that due to poverty rates in the region, 
people will not be able to adequately respond to these shocks, suggesting this will 
invariably lead to the degradation of resources and loss of biodiversity. Similarly, 
a report in New Scientist outlines the biodiversity threats from HIV/AIDS, alarm-
ingly concluding that affected families are forced to “plunder biodiversity to 
survive” (Aldhous 2007: 7). Other studies indicate another impact for ecosystem 
management; namely that the impacts for conservation agencies could be severe 
from the loss of staff and knowledge that accompanies AIDS mortality (Gelman 
et al. 2004; Aldhous 2007). Bolton and Talman (2010) argue that HIV/AIDS can 
result in increased dependency upon protected natural resources that gener-
ates conflict between people, wildlife, and conservation officials. Additionally, 
they outline a number of ways that the natural environment impacts HIV/AIDS, 
including a reduction of agricultural viability that reduces macro and micronu-
trient intake that in turn makes individuals more vulnerable to disease, increased 
caloric needs due to resource degradation whereby resources are only available 
at greater distances, and deterioration of potable water. 

It should be emphasized that the inevitability of environmental degradation 
from HIV/AIDS has been questioned by some of the existing research. Frank 
and Unruh (2008) combine household survey research with land cover change 
analysis to conclude that AIDS widows in Zambia have strategically invoked the 
disease to resist land grabbing from recently arriving migrants into the region. In 
a surprising finding that deviates from much of the literature on gendered land 
tenure and environmental impacts from the disease, they suggest that stability in 
land ownership is increasing forest conservation at least in the short to medium 
term. Beyond the specifics from this one case study, their work challenges 
assumptions about a unidirectional and necessarily negative ecological impact 
from HIV/AIDS that warrants further research consideration. 

Human vulnerability to a disease such as HIV/AIDS can be compounded by 
exposure to parasitic and infectious diseases that weaken the immune system. 
Stillwaggon draws upon existing research to suggest that:

Recent work in cell biology shows the particular mechanisms by which 
malnutrition and parasitosis depress both specific and nonspecific immune 
response by undermining epithelial integrity and the production of NK cells, 
B cells, and T cells … malnutrition and parasitosis, therefore, make people 
more susceptible to infectious disease, including HIV.

(Stillwaggon 2006: 41)
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Similarly, Stillwaggon and Sawers show in Chapter 13 of the present volume that 
high incidences of malaria in sub-Saharan Africa might explain the high HIV 
infection rates compared to other world regions. The conditions that contribute to 
the spread of malaria, as just one disease that might increase vulnerability to HIV, 
bear scrutiny from an ecological, as well as a social perspective. Pijanowski et 
al. (2010) argue that the field of landscape ecology can contribute towards under-
standings of how changing spatial patterns of land cover and land use influence 
vector-borne and zoonotic diseases. Global climate change is similarly shifting 
species range distributions so that ecosystems such as the highlands of Kenya 
are now exposed to diseases including malaria. A number of the chapters in this 
volume (see for example Chapters 4 and 12) work to demonstrate how climate 
change is changing biophysical processes in varied ways, including creating new 
disease vectors. These infectious diseases have the potential to increase human 
vulnerability to HIV and further intensify the social and ecological impacts of 
the epidemic.

Returning to the vulnerability concept, there has been an expansion of interest 
in developing frameworks for addressing vulnerability through coupled social 
and ecological systems. In a much-cited example, Turner et al. (2003) present 
a vulnerability framework to outline how a hazard, which they define as either 
a perturbation or stress/stressor, induces harm upon a system or its elements. 
Perturbations typically originate from outside the system and involve an intense 
pressure change due to an abnormal variation in the system, such as a hurri-
cane. These differ from stresses that often originate from within the system and 
are understood as a continuous or slowly increasing pressure generally within 
the normal range of variability, such as soil degradation. Within this vulner-
ability framework, a perturbation appears similar to the shock concept within 
livelihoods research, given that these are understood to be large, unpredictable, 
and irregular. While the framework is ground-breaking is demonstrating how 
vulnerability involves “connections operating at different spatiotemporal scales 
and commonly involving stochastic and nonlinear processes” (Turner et al. 2003: 
8076), it should be noted that it was not leveraged to specifically address disease. 

Clearly, then, HIV/AIDS is having tremendous impacts upon social systems, 
ecological systems, and the reciprocal relationships between them. As Bolton 
and Talman (2010) explain, the onset of HIV within a family can produce a 
reduction in labor that then increases the burden upon other family members 
and social networks. In some cases, agricultural decline then occurs, triggering 
a switch to less labor-intensive farming systems and/or reliance upon other types 
of resources should they be available. In order to cope, household members 
might reduce food consumption and sell assets to pay for medical bills or other 
expenses. Nutritional status declines thereby increasing vulnerability to infec-
tion or, for already afflicted family members, advancement of opportunistic 
infection. Following adult mortality, households have been shown to fragment in 
search of outside employment, generating a reduction in the cultivation of land 
and increasing reliance upon other natural resources that might be collected in 
an unsustainable manner. These processes can in turn increase vulnerability to 
other diseases. As existing research demonstrates, these impacts are variable and 
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highly contextual, yet they also make it clear that HIV/AIDS unfolds in spatially 
and temporally dynamic ways. The question remains whether classifying HIV/
AIDS as a shock or perturbation captures the full gamut of its impacts and the 
varied processes shaping human vulnerability to disease. While there is some 
logic in doing so, likening the disease to a shock might fail to capture its diver-
gent and complex impacts for coupled socio-ecological systems. In order to 
engage with these limitations, the next section argues that rather than conceptu-
alizing HIV/AIDS as a shock, it might be more useful to theorize the disease as 
a socio-ecological experience.

HIV/AIDS as coupled socio-ecological experience
Even while the concept of a disease as a shock to social and ecological systems 
remains common in the academic and policy literatures, some studies have 
suggested HIV/AIDS to be either a unique shock or a different type of event alto-
gether. In their pioneering work on AIDS in Uganda, Barnett and Blaikie (1992: 
56) likened AIDS to long-wave disasters such as global warming, explaining that 
in such cases, “the disaster does not appear to the affected society as a discrete 
occurrence with recognizable trigger events, which can be used to mobilize 
action, such as would be the case with an earthquake, a volcanic eruption or a 
devastating flood.” Drawing upon this work in addressing household impacts 
of AIDS in Zambia, Baylies (2002: 619) provided a compelling explanation for 
the limitations of conceptualizing HIV/AIDS as a shock. Outlining the varied 
impacts from the disease, she suggested that “in practice, some of the effects of 
AIDS mirror those of other shocks. Others, however, are specific to the partic-
ular dynamics through which AIDS configures with household characteristics.” 
Additionally, she commented that:

AIDS is a shock with very specific characteristics. It represents a crisis 
where all too often the limits of both communal assistance (via mechanisms 
assumed to apply under the rubric of social capital) and individualistic efforts 
to secure income generation and household survival are starkly exposed.

(Baylies 2000: 628–629)

Similarly, Hosegood et al. (2007: 1256) discuss the shocks from illness and death 
that were often followed by or occurred at the same time as “other experiences of 
HIV and AIDS within the household or in inter-connected households.”

What then should be made of these differing conceptualizations? Is HIV/AIDS 
a shock, perturbation, disaster, or event? Does it provide academic and policy 
clarity to liken the disease to other types of shocks such as droughts, floods, 
pests, and civil war? Or, drawing upon the vulnerability framework (Turner et 
al. 2003), would not a disease such as HIV/AIDS—which can unfold over a series 
of years for infected individuals (cf. Morgan et al. 2002), and might also be seen 
as originating from within the system—be more properly conceptualized as a 
slowly intensifying stress? How should we engage with the socio-political and 
biophysical dimensions of human diseases, including HIV/AIDS, and what does 
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this contribute to emerging understandings of the ecological and social dimen-
sions of human health? It is important to state that these questions are not simply 
a matter of academic debate because the discursive framings of HIV/AIDS have 
substantial impacts for interventions and responses in various settings. As others 
have noted, an early trend of identifying AIDS as the new variant famine (de Waal 
and Whiteside 2003) produced policy interventions that under-emphasized other 
factors shaping food availability within Southern Africa (Murphy et al. 2005). 
Simultaneously, focusing upon the macro-effects of the disease as an economic 
shock might have the effect of obscuring the gendered dimensions of the disease 
in terms of which segments of the population are most likely to be infected with 
HIV (Fassin and Schneider 2003) or bear heavier burdens of caring for sick indi-
viduals or orphans (Schatz 2007). Other studies have asserted that the absence 
of comparative cases of non-affected HIV/AIDS households mean that some 
impacts ascribed to the disease might be due to other factors altogether (Bolton 
and Talman 2010). The discursive framings of HIV/AIDS, therefore, have mate-
rial impacts for both social and ecological systems being reshaped by the disease, 
as well as the policy interventions that arise in response. Drawing upon Baylies 
(2002) and some of the other studies that attend to the local and contextually 
specific dimensions of the disease, its intra-household and familial features, and 
the effects following HIV transmission, I use the following sections to outline 
how HIV/AIDS might be better conceptualized not as a shock that is large, 
unpredictable, and irregular, but as a socio-ecological experience that is spatially 
and temporally dynamic, disproportionate, and dispersed.

Spatially and temporally dynamic

Unlike other shocks addressed within livelihood studies, HIV/AIDS follows a 
unique spatio-temporal trajectory. While it is often the case that droughts or 
floods are shorter-term events, HIV/AIDS can take years to progress within 
the bodies of infected individuals and through the families and broader social 
networks of those afflicted. As Barnett and Blaikie (1992) explained, because 
HIV/AIDS is a long-wave disaster, the different coping stages can be extended 
and delayed, as individuals and communities take time to identify the presence 
of the disease. HIV can take months or even years to advance, and so by the 
time it is symptomatic the eventual scale of the crisis is magnified. In a cohort 
study from Uganda, Morgan et al. (2002) report that the median survival from 
seroconversion was 9.8 years and that once AIDS developed the median survival 
was 9.2 months.3 Barnett and Blaikie (1992: 57) suggested that, depending upon 
the rate of infection and the mean period between infection and AIDS symp-
toms, “for every one person with these symptoms there will be many more who 
are already HIV+. Thus the raw material, the evidence, on which an explanation 
of the disaster is made, takes at least five years to appear.” Similarly, the initial 
infection and progression of the illness can be quite dynamic depending upon the 
nutritional status of the individual, as well as access and use of anti-retroviral 
medications. As previously mentioned, some research suggests that malnutrition 
and parasitosis make people more susceptible to infectious disease, including 
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HIV (Stillwaggon 2006). The social and ecological processes shaping these 
factors are spatially and temporally variable, thereby attesting to the dynamism 
of human vulnerability to disease. This leads Baylies (2002: 620) to conclude that 
given the diversity of situations upon which HIV/AIDS intrudes into households 
and familial networks, its staging is neither automatic nor unilinear.

The continued invocation of HIV/AIDS as a shock to social and ecological 
systems possibly derives from the lack of longitudinal data in previous studies. As 
has been reported elsewhere (Bachmann and Booysen 2004; Murphy et al. 2005), 
a reliance upon cross-sectional rather than longitudinal data “blurs the distinc-
tion between effects of HIV/AIDS and those of other characteristics of affected 
individuals and households” (Bachmann and Booysen 2004: 818). Similarly, 
Bolton and Talman (2010) conclude their review of HIV-environment linkages 
by calling for future research that utilizes longitudinal data from both afflicted 
and non-afflicted households. The tendency to rely upon snapshot information 
might explain why the disease is seen as such an immediate factor shaping rural 
livelihoods, rather than a cumulative experience (cf. Hosegood et al. 2007) that 
varies spatially and temporally within households, communities, and regions. As 
previously mentioned, a second reason HIV/AIDS is conceptualized as a shock 
is that many of the studies tend to be based upon adult mortality (Hunter et al. 
2008; Kaschula 2008). While clearly important in understanding the impacts of 
the disease, the emphasis upon adult mortality can miss the complex experiences 
for families and communities living with HIV/AIDS. Given that the disease can 
take years to progress, HIV intersects with other social and ecological factors 
that potentially undermine household security and resiliency. Hosegood et al. 
(2007) conclude that while AIDS causes mortality in young adults and children, 
illness and death due to other causes compound the consequences of the epidemic 
for social systems. Future work grounded in longitudinal data attending to the 
long-term experiences for those living with HIV/AIDS, and for families directly 
and indirectly impacted, will likely yield a richer understanding of the unique 
features of the disease.

Disproportionately experienced

Whereas the absence of longitudinal data potentially limits analyses of the 
spatio-temporal dynamism of HIV/AIDS, the methodological reliance upon the 
household as a unit of analysis has been critiqued for obscuring the dispropor-
tionate effects of the disease (Baylies 2002; Murphy et al. 2005). The concentra-
tion upon the household as the unit of analysis for much of the work is likely a 
legacy effect from livelihood studies, in addition to its methodological utility. 
Within this research tradition, a household is defined as the collection of indi-
viduals living under the same roof and sharing meals (Weller and Romney 1988). 
The benefits of this concept are fairly clear, in that research and policy can work 
with a seemingly fixed group of people within a particular location. There has 
been a growth of work within livelihoods research intended to address how live-
lihood systems are spread across spatial and temporal scales, either intersecting 
with external trade markets (McSweeney 2004) or development institutions 
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and processes of economic neoliberalism (Bebbington 2000). Similarly, King 
(2011) argues that livelihood studies can be surprisingly aspatial, and while they 
often recognize the influence of exogenous processes, they can be imprecise in 
showing how livelihoods are linked across spatial and temporal scales. Because 
livelihood studies have helped advance the idea of disease as a shock, the degree 
to which the household unit shapes understandings of the social and ecological 
impacts of diseases such as HIV/AIDS bears scrutiny. 

As has been explained in the chapter thus far, the diverse effects of HIV/AIDS 
are often understood as impacting particular individuals within the household, 
as well as the dominant household livelihood system. It warrants emphasis then 
that the disease is perversely unequal in terms of who is most likely to be infected 
and affected. Baylies (2002: 618) explains that AIDS is a differentially experi-
enced type of shock because of its tendency to “cluster within certain households 
and a pattern of staging which is specific to a given household rather than gener-
ally applicable across households within a particular community at a given time.” 
This points to a limitation of the shock concept for the disease because the intra-
community, and intra-household, vulnerabilities are differentially experienced 
across time and space. All of these factors point to the gendered dimensions of 
disease, which are compounded by other social processes that are contextual and 
power-laden. Unlike other shocks routinely studied with livelihoods research, a 
flood for example, the micro-geographies of HIV/AIDS have disproportionate 
effects within societies. This leads Murphy et al. (2005) to conclude that future 
research must attend to the specific individuals that are infected and/or affected 
differentially through gender dynamics, age, status, and economic circumstances, 
as well as the extended family that provides material and non-material support. 

South Africa serves as an example of the disproportionate effects of the 
disease. The country’s official HIV infection rate is 18 percent, and with roughly 
5.7 million people believed to be infected, this makes the country the site of 
“the largest HIV epidemic in the world” (UNAIDS 2008: 40). Yet even with 
the expanse of the epidemic, there are disproportionate effects in terms of who 
is infected and/or affected. Because women in South Africa are more likely to 
be infected with HIV than men (Fassin and Schneider 2003), and are differen-
tially impacted by the disease (Drimie 2003; Masanjala 2007), this results in 
different responses, and variabilities in the social and environmental impacts, 
than other shocks. Women already responsible for natural resource collection 
and food production thus bear increasing burdens due to an illness within the 
household. Older women have been shown to have increasing responsibility for 
care-giving for AIDS orphans (Schatz and Ogunmefun 2007). Additionally, the 
death of a male adult can trigger land dispossession for women who have not 
had historical title to property, thereby dramatically increasing vulnerability to 
poverty for female-headed families (Bolton and Talman 2010). 

Another unique feature of HIV/AIDS is that with greater access to anti-retro-
viral medications it is now possible to manage the disease for extended periods 
of time, and in some cases, actually live with HIV. Yet access to ART varies 
widely within sub-Saharan Africa and is shaped by national governmental poli-
cies, corporate resistance to generic medications, cultural and social practices, 



Disease as shock, HIV/AIDS as experience  273

infrastructure constraints and lack of access, and a host of other challenges. South 
Africa received international condemnation for resisting access to anti-retroviral 
medications for years and has only recently instituted a national program to 
provide universal access (Jones 2005; King 2010). According to the World Health 
Organization (WHO), within South Africa the proportion of people within South 
Africa that have access to ART in relation to the estimated number of people 
in need of treatment is currently 37 percent (World Health Organization et al. 
2010).4 This compares to estimates of ART coverage of 39 percent in Uganda, 48 
percent in Kenya, 64 percent in Zambia, 76 percent in Namibia, and 83 percent 
in Botswana. The significant variations in access to ART between these coun-
tries, including a number that share a political border, demonstrate how govern-
mental policies and political economies can be determinative in shaping the lived 
experience of those afflicted with HIV. While HIV/AIDS has expansive impacts 
for social and ecological systems, these impacts are spatially and temporally 
disproportionate, suggesting the value of conceptualizing the disease as a socio-
ecological experience.

Spatially and temporally dispersed

In addition to being spatially and temporally dynamic and disproportionate, 
the effects of HIV/AIDS are also notable for being dispersed. Just as the reli-
ance upon the household concept might narrow understandings of the dispro-
portionate impacts of the disease, addressing the effects at the household might 
restrict an understanding of its dispersed effects. As Murphy et al. (2005) show, 
the household as a unit is fundamentally different from the extended family 
which includes social networks spread over space. As they explain, “the house-
hold is an economic and reproductive unit somewhat fixed in place, which makes 
it easier to find; but it is distinct from the extended family, which reflects bonds 
of kin and affection connected over space, sometimes vast distances” (Murphy et 
al. 2005: 269). Given that much of the existing research attends to the importance 
of social networks in providing gifts and support in response to HIV/AIDS, an 
overreliance upon the household could miss the broader impacts for communities 
and regions. Hosegood et al. (2007: 1250) suggest that because family networks 
and social relationships between households extend to different places, the true 
impacts of illness and death may extend across several residential groups. While 
HIV/AIDS is clearly disruptive for the particular individuals within a household, 
its effects can be spread over expansive social networks that are geographically 
uneven and temporally variable.

Secondly, emerging research is attending to underlying social structures that 
shape the vulnerability context for human disease. Some of this work is informed 
by political ecology, which addresses the links between political, economic and 
social structures and decision-making by local actors. Research on the political 
ecology of disease (Mayer 1996; Kalipeni and Oppong 1998; Cutchin 2007) and 
the political ecologies of health (King 2010) have worked to show how inequality 
within social contexts can produce inequalities in disease vulnerabilities. In 
returning to Barnett and Blaikie’s (1992) early research on AIDS in Uganda, 
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they located individuals and households within broader social networks in order 
to expose structural conditions that produce disease. As they explained, socio-
economic patterns, access to medical care and support networks, gendered 
power relations, production systems, and the survival strategies of households 
and communities all contribute in shaping the ways in which the disease affects 
societies and economies (Barnett and Blaikie 1992). As I have argued in work on 
HIV/AIDS in South Africa (King 2010), regional variations in HIV are linked to 
historical processes of place production and racial segregation. The contempo-
rary conditions that influence disease transmission were created by national and 
provincial agencies to facilitate particular political and economic agendas. This 
type of analysis helps show how the locations of high incidence of disease are 
the outcome of social relationships and power dynamics that have been produced 
over time and through space. These political ecologies of health reveal that HIV/
AIDS is uneven, and even though the epidemic is expansive throughout sub-
Saharan Africa, its specific effects remain spatially and temporally dispersed.

Conclusion
This chapter provided a review of the literature on the social and ecological 
impacts of HIV/AIDS in sub-Saharan Africa to demonstrate how the disease 
is often conceptualized as a transformative shock. Drawing from a number of 
traditions within the social and natural sciences, HIV/AIDS has been defined 
as a large, unpredictable, and irregular disturbance that reworks societies and 
biophysical systems in varied ways. I argued that previous scholarship on 
HIV/AIDS has tended to concentrate upon the macro-scale, using the house-
hold as a unit of analysis for understanding impacts following adult mortality. 
Additionally, many of these studies are synchronic in their analyses, concen-
trating upon the more immediate effects for individuals and households, as 
opposed to the potentially longer-wave impacts. To be clear, previous research 
has been ground-breaking and essential in generating important findings for 
how the disease transforms social and ecological systems. My central concern 
here was to suggest that other studies that engage with the contextually specific 
dimensions of the disease, its intra-household and familial features, and the 
effects following HIV transmission, suggest that alternative conceptualizations 
to a shock warrant attention for research and policy. Considering human disease, 
and specifically HIV/AIDS, as a shock in which large, unpredictable, and irreg-
ular disturbances disrupt livelihood systems and biophysical processes has a 
certain logic. However, even with the dramatic scope of the HIV epidemic in 
sub-Saharan Africa, the disease has had diverse effects on social and ecological 
systems. My intention was to question whether this theorization captures the 
diversity of its impacts and the varied processes that shape human vulnerability 
to disease. The effects of HIV/AIDS have been shown to occur over a longer 
time period than other shocks, and are generally uneven within communities and 
regions. As a result, nuanced analyses of the complex and reciprocal relation-
ships between the social and ecological impacts suggest that HIV/AIDS might 
be better theorized as a health experience that is dynamic, disproportionate, 
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and dispersed. Rather than an immediate shock to demographic, economic, and 
ecological systems, HIV/AIDS is a long-wave experience that impacts societies 
and environments for years and decades.
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Notes
1	 Anti-retroviral therapy involves the treatment of individuals infected with HIV. The 

standard treatment consists of a combination of at least three drugs that suppress 
HIV replication and reduce the likelihood of the virus developing resistance (World 
Health Organization et al. 2010). 

2	 Given the sensitivity of HIV/AIDS in various contexts, it should be noted at the outset 
that many of these studies utilize proxies for AIDS-related mortality, such as the ones 
identified by the Southern African Development Community (SADC 2003). These 
proxies consider for example family mortality within the previous two years, chronic 
illness prior to death, presence of chronically ill caregivers or recent mortality of care 
givers, and/or presence of orphans within the home (Kaschula 2008; McGarry and 
Shackleton 2009). 

3	 Seroconversion is when antibodies form in response to an infectious organism. Acute 
HIV infection can appear like viral illnesses such as infectious mononucleosis or flu. 
HIV can take weeks, or even months, to become symptomatic. 

4	 The data reported in this section are based upon the 2010 WHO recommendations, 
which changed the recommendation for requiring ARV therapy from a CD4 cell 
count of below 200 cells per mm3 to that of below 350 cells per mm3. This increased 
the number of people estimated in need of treatment in low and middle-income coun-
tries by 45 percent (World Health Organization et al. 2010). 
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15	 Challenges and opportunities 
for future ecologies and politics 
of health
Brian King and Kelley A. Crews

Human health exists at the interface of environment and society, and so its 
prospective possibilities will be shaped by the interactions between social and 
ecological systems. Future research and practice, therefore, need to concentrate 
upon the ecological dimensions of health and vulnerability, the socio-political 
dimensions of human health, and the intersections between the ecological and 
social dimensions of health. One of the hallmarks of this volume is that rather 
than approaching these factors separately, each of the chapters engages the inter-
sections between the social and ecological dimensions of human health. These 
contributions help demonstrate that interrogating the nexus of ecologies and poli-
tics of health necessitates engagements between the natural and social sciences 
to develop an integrated realm of theory and practice. In order to identify future 
trajectories for ecologies and politics of health, it is important to begin by high-
lighting key features of this volume. First, Ecologies and Politics of Health centers 
upon a broadened conceptualization of human health that extends beyond the 
absence of disease or the individual actor or location. Rather, we argue that health 
is produced through the interplay between social and ecological processes oper-
ating across multiple spatial and temporal scales. This understanding contributes 
to addressing human health in ways that attend to social and ecological function, 
security, well-being, equity, and sustainability. Second, this volume demonstrates 
that research on human health needs to integrate contributions from both the 
natural and social sciences to address its social and ecological dimensions. We 
believe that in order to comprehend the realities of human health, interdisciplinary 
as opposed to multidisciplinary perspectives are needed.

Given these considerations, this volume serves as a reminder that under-
standing health systems is hardly straightforward. Studies must necessarily 
be interpreted within the space, place, time, and context in which they were 
performed and the data gathered. While generalizability should remain a goal, 
it is critical to understand how the lessons learned from even the best health 
research are contingent. Beyond problems presented by data and measurement 
standards, contradictory findings may in fact point to unresolved theories of 
disease transmission, or to spurious correlations that, along with unexplained 
anomalies, offer the opportunity to redesign improperly defined theories, experi-
ments, and studies in a targeted manner suggested by those same contradictions 
and anomalies. It is these holes in the outdated fabric of mono-disciplinary health 
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research that can provide both an impetus and means for understanding popu-
lations and landscapes vulnerable to health threats while leveraging integrated 
scholarship to promote health and health management, research, and practice. 
We believe that future research and practice on ecologies and politics of health 
must attend to four central themes: scales of interaction, vulnerability and differ-
ence, landscape, and representation and discourse.

Scales of interaction
While the interactions between social and ecological systems are meaningful in 
shaping health trajectories, interrogating the scales of these interactions remains 
a challenge for future work. The difficulty in charting a fruitful course through 
an approach that integrates both ecologies and politics lies in striking the right 
balance between those two spheres. It is easy, and perhaps too easy, to simply 
refer to the interaction or integration of any two elements or systems from the 
drawing board. The construction, observation, inquiry, and reconstruction of 
human–environment interactions, for example, illustrate centuries of grappling 
with asymmetries and disproportionate treatment (Glacken 1976; Liverman et 
al. 1998). The challenge put before this volume’s authors, and by extension its 
audience, was to ensure that both spheres of thought were brought to bear upon 
the topics at hand, rather than focus on equal treatment of the ecological and the 
socio-political. It was therefore an ontological request with implications perhaps 
for epistemological, methodological, and material practices and outcomes. It 
should be noted that a call for balance does not equate to a call for symmetry. 
There will be times and cases where a true balance can be struck, but more 
often one might expect to see an 80–20, 60–40, or even 95–5 balance between 
ecological and socio-political processes. Similar to positions held in the fields of 
coupled natural–human systems and socio-ecological systems (Liu et al. 2007; 
Ostrom 2008, 2009), we posit it is the coupling itself rather than the ratio that ulti-
mately characterizes the potential power of an integrated approach. Sometimes 
even acknowledging the influence of the ecological on the socio-political or vice 
versa is enough to trigger an unexpected and productive line of inquiry, such as 
with the recognition of the role of helminth loading on “socially transmitted” 
diseases (Bentwich et al. 2008) or institutional construction of disproportionate 
exposure to environmental hazards and amenities (Lester et al. 2001). The line 
between integrations that are small but significant, and those that are ineffective 
and superficial, is often prospectively unclear and retrospectively ephemeral.

This fluidity may in part explain why some health scholars have embraced 
systems theory and derivatives thereof as a vehicle for envisioning functional 
interactions across ecological and socio-political domains. What such frame-
works further offer is a way to forefront multiple levels of organization of 
health bearers. That is, “health” may be assessed horizontally across levels of 
organization (e.g., human health as well as ecosystem health) and vertically up 
through levels of organization (e.g., individual human health to population health 
or ecosystem health to biome health). Furthermore, these levels may each be 
observable at multiple spatial, temporal, and spatio-temporal scales, representing 



282  Brian King and Kelley A. Crews

the geographic expanse and temporal duration of the health phenomenon of 
interest (Peterson and Parker 1998; Turner et al. 2001). That is, any given level 
could be assessed at multiple scales, and many phenomena are scale-dependent 
in their observation. The organizational level of individual human health could 
be assessed with respect to, for example, cellular immune responses, organ func-
tion, endocrine system disruption, and overall individual health. The health of 
the population of humans inhabiting a particular metro-region could be studied 
at the individual human level, for only some segments of the population (e.g., 
age cohorts or those living within a certain proximity of a toxic dumping site), 
or wall-to-wall across the entire region. The larger point here is that a variety 
of spatial, temporal and spatio-temporal scales can be employed to understand 
health phenomena operating at different organizational levels. The corollary to 
this assertion is that health researchers must be cognizant of these levels and 
scales both with respect to explicitly reporting their own findings and theories 
but moreover to understanding the implications for integrating the observable 
and/or theorized ecologies and politics of health.

Vulnerability and difference
A second theme for future research and practice are the ways in which inte-
grating ecological and social processes assists in revealing the factors shaping 
vulnerability to disease, ecosystem functioning, and political agency over time 
and space. As has been demonstrated by decades of scholarship and political 
activity, vulnerability to infectious disease or exposure to carcinogens that 
produce ill-health can be highly inequitable. The justice concept has been a topic 
of interest within various academic and policy realms concerned with the ineq-
uities experienced by different social actors. The United States Environmental 
Protection Agency’s Office of Environmental Justice defined environmental 
justice in 1998 as:

the fair treatment and meaningful involvement of all people regardless of 
race, color, national origin, or income with respect to the development, 
implementation, and enforcement of environmental laws, regulations, and 
policies … [environmental justice] will be achieved when everyone enjoys 
the same degree of protection from environmental and health hazards and 
equal access to the decision-making process to have a healthy environment 
in which to live, learn, and work.

(EPA 2012)

While much work on environmental justice has effectively focused on the dispro-
portionate exposure of poor and minority populations to environmental hazards, 
there is a need for future work to expand understandings of the construction of 
health vulnerabilities over time and space. This progression would emphasize 
differences between settings and groups to include systematic and compara-
tive research within and between urban and rural populations, as well as within 
and between industrialized and developing contexts. Health vulnerabilities as 
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a theme for future work would attend to differences in access to and control 
over resources and economic opportunities, power dynamics shaping deci-
sion-making and outcomes, and the social processes that create and perpet-
uate differential exposure to environmental hazards and amenities. Expansion 
from primarily focusing on disproportionate exposure to environmental bads 
(“freedom from”—e.g., pollution) to environmental goods (“freedom to”—e.g., 
access to green space) would further the move away from the traditional char-
acterization of health as an absence of disease to one that emphasizes a holistic 
state of well-being. 

Beyond blame, other instances of environmental injustice demand equitable 
and rapid response. The environmental justice movement has often posited that 
the disparate proximity to environmental hazards and resulting health threats 
faced by many disadvantaged populations were an inherent part of environmental 
pollution. That is, decreasing pollution and protecting the environment protects 
the health of those populations as well. But a daunting challenge lies between 
the lines of several chapters in this volume: specifically, how to prioritize human 
and environmental health when they can be competing rather than commen-
surate goals? Not every health–environment interaction can be constructed 
as a “win–win” situation, and some vital measures to protect human health in 
certain times and places might necessarily harm the environment, such as the 
removal or conversion of disease vector habitats that results in problems such as 
erosion, poor infiltration, and declining water quantity and quality. Additionally, 
while socio-economic development is often posited as an integral component 
for improved human health and well-being, it can also increase exposure to 
other health hazards. The increasing prevalence of diabetes and obesity in the 
developing world attests to some of the negative byproducts of development writ 
large (Hossain et al. 2007). Further, improving the health status of the global 
population might have (unintended) negative consequences for the environment. 
Ceteris parabis (i.e., holding technological developments, fertility and consump-
tion levels, natural resource base, and climatic cycles constant), a healthier popu-
lation with lower fatalities and a longer lifespan has the potential to increase 
the demand for natural resources and ecosystem services already experiencing 
significant pressures.

Landscape
A third theme for future research and practice on ecologies and politics of health 
is landscape. In considering landscapes of human health, future work should 
emphasize the interplay of health with changing land use and land cover (LULC), 
climate, and migration patterns. The very mobility of humans and many other 
disease vectors necessarily makes health a transboundary issue that cannot be 
managed in geographic isolation. Porous borders facilitate the movement of 
people and microbes and, as climate change and disease outbreaks have each 
shown, political boundaries are not ecological boundaries. Biogeochemical, 
atmospheric, and hydrologic cycling, as well as sediment and biotic transport, 
have rarely conformed to political boundaries (save for when landscape features 



284  Brian King and Kelley A. Crews

such as rivers or rifts are used to demarcate political territories), and environ-
mental policy has long recognized the importance of transboundary issues with 
respect to negative externalities (Vig and Kraft 2000). But the changing face 
and speed of both technology and transportation are exacerbating the nature 
and spread of these externalities (Sheppard 2000). That is, the opening of such 
boundaries has only increased, though differentially, the transboundary nature of 
many diseases. However, the roles that states play in shaping the discourses and 
management of health, of the environment, and of populations must remain at 
the forefront of health research but only through their integration with ecological 
understandings of health. Another consideration is the incorporation of LULC in 
integrated eco-social studies on human health. Health concerns arise at the inter-
faces of biophysical environment, LULC systems, and their respective drivers 
of change and feedbacks. Additionally, improvements in geospatial technologies 
have diverse and problematic implications for defining, studying, and managing 
human health. Enhanced monitoring of landscapes of disease takes on different 
forms of surveillance and policy intervention, with concomitant impacts for 
human populations. The varied types of political responses to human disease and 
health planning more generally, therefore, can have unintended consequences for 
ecologies and politics of health. 

A continued challenge for future health research and policy is the tendency 
to examine only one disease or health threat in isolation from others. Health 
research is necessarily broad and the intent to focus on, for example, one infec-
tious disease to better assess its function is understandable. Yet no disease func-
tions in complete isolation from other diseases, and the health landscape is an 
arena for the interactions of many other factors impacting the human ability to 
thrive in the face of health challenges. Scholarship and policy interventions that 
ignore these interacting factors, such as nutrition status and immune response, 
can lead to inaccurate and disabling results. At times these inaccuracies are fed 
by, entangled with, and even promote cultural, ethnic, and racial stereotypes. 
These stereotypes may mislead health investigations: at times, buried in these 
dialectics are accusations of blame or intent, positing that the health threat is on 
some level deserved. While prevention of injury (intentional or not) and disease 
(infectious or not) should remain a part of any health remediation strategy, placing 
blame hardly furthers healthy outcomes and may in fact lead to disengagement 
by affected, managerial, or even donor communities.

Representation and discourse
Finally, future research on ecologies and politics of health needs to concentrate 
upon how the discursive framing of a disease, and hence human health more 
generally, has material import for how it is understood, defined, and managed. 
As has been noted elsewhere, these subaltern health narratives potentially chal-
lenge conventional disease orthodoxies produced by the biomedical model, or 
representations of disease that are created by national and international agencies 
(King 2010). Several contributions in this volume demonstrate that the discursive 
framings of HIV/AIDS are powerful in shaping understandings of human health, 
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the impacts of the disease for social and ecological systems, and the policy inter-
ventions that arise in response. Other contributions in this volume have shown 
that vector management strategies employed by the state are often informed 
by divergent politico-technological and cultural-racial discourses that inform 
perceptions of vector ecology. The particular features of these case studies are 
critical and informative; however, we believe they also signal a general lesson for 
future research on ecologies and politics of health.

Bound in this tension between the ecological and the socio-political is an 
undercurrent of epistemological differences in how “truth” is acknowledged as 
opposed to being constructed or discovered (Latour 1993), critical when consid-
ering these social constructions of disease ecologies. Clearly, contributions in 
this volume indicate where power and access, for example, differentially shape 
the resulting disease landscape(s). But the counterpoint raised, and touched on 
briefly in the first chapter of this volume, is that there are also some biophysical 
“truths”: excessive exposure to radiation, regardless of political power structures 
that may have exacerbated or mitigated that exposure level, triggers a biochem-
ical response in living tissue regardless of whether that damage is sensed by 
that individual, recorded by observers, or even acknowledged by the cognitive 
power structures or stakeholders. Thus in addition to the previously discussed 
ontological challenge of a two-pronged approach to health, there also exists an 
epistemological challenge in how and what truths can be known and potentially 
agreed upon among scholarly subfields that address health. Axiomatically, this 
challenge thus also indicates the likelihood of moving to a protocol of recog-
nizing multiple not only possible but potentially co-existing health systems. Put 
another way, at any given time in any given space there could be multiple disease 
landscapes operating with varying levels of interaction. Rather than the “crisp” 
(health) landscape definitions associated with one output map, for example, 
disease incidence instead requires recognition of both (i) socio-politically 
varying landscapes (where, for example, certain populations would be more or 
less vulnerable to environmental hazards and amenities regardless of the actual 
location, perhaps due to nutritional deficiencies associated with malnutrition), 
and (ii) ecologically “fuzzy” landscapes (where stochastic biophysical processes 
may only accurately yield probability maps of disease vulnerability rather than 
deterministic ones). Granted, the latter especially presents an acknowledged 
increase in computational and conceptual complexity, but is more realistic and 
further perhaps begins to bridge the epistemological gaps inherent in ecological 
and social approaches to health studies.

This last remaining challenge might also be well characterized as methodo-
logical or practical in nature: how can a health system, already approached 
in a variety of disciplinary approaches, also bridge the divide between health 
researchers and health practitioners, between health oversight agencies and 
stakeholders, between the local and the global? There are, notably in tropical 
diseases, some practicing health workers who also publish their findings in either 
academic or gray/policy literatures. And there are some stakeholders who have 
become leaders in outreach and education with regard to their particular health 
concern. But systematically the communication lines among these groups and 
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their perspectives evidence less interaction than even the disparate disciplines 
from which they have emerged. How best to meet that call is unclear, though 
case studies illustrate examples of what, in some times and places, has failed 
to resonate. Top-down, state-sponsored management systems in which residents 
and citizens are not allowed or cannot reach access to state knowledge has been 
shown in several chapters to be ineffective. In contrast, what has proven at least 
partially successful in some settings is the cross-fertilization among actors, 
such as with focus groups or neighborhood gatherings where specialists and 
stakeholders interact. But the reality is that improving communication in health 
matters can be as spatially and temporally contextualized as an understanding of 
human health itself.

Taken together, scales of interaction, vulnerability and difference, land-
scape, and representation and discourse are essential components for future 
research and practice on the social and ecological dimensions of human health. 
We believe these themes are best advanced through the effective integration of 
the strongest contributions from the natural and social sciences, drawing upon 
interdisciplinary or even transdisciplinary perspectives on human health. A 
central contribution for future research and practice is the necessity of integra-
tion between social and ecological systems, historical and contemporary condi-
tions, and multiple scales of interaction. Human health exists at the interface 
of environment and society, and only through interdisciplinary and integrative 
research and practice will it be possible to achieve equitable, sustainable, and 
healthy futures.
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