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Mission

The Mission of the Tropical Resources Institute is the application of interdisciplinary, problem-
oriented, applied research to the creation of practical solutions to the most complex challenges
confronting the management of tropical resources worldwide. Lasting solutions will be achieved
though the integration of social and economic needs with ecological realities, the strengthening of
local institutions in collaborative relationships with international networks, the transfer of knowl-
edge and skills between local, national, and international actors, and the training and education of
a cadre of future environmental leaders.

Vision

The problems surrounding the management of tropical resources are rapidly increasing in com-
plexity, while demands on those resources are expanding exponentially. Emerging structures of
global environmental governance and local conflicts over land use and environmental conservation
require new strategies and leaders who are able to function across a diversity of disciplines and sec-
tors and at local and global scales. The Tropical Resources Institute aims to build linkages across
the natural and social sciences and among government agencies, academia and practitioners,
enabling the formation of successful partnerships and collaborations among researchers, activists
and governments. The Tropical Resources Institute seeks to train students to be leaders in this new
era, leveraging resources, knowledge, and expertise among governments, scientists, NGOs, and
communities to provide the information and tools this new generation will require to equitably
address the challenges ahead. 

Yale Tropical Resources Institute:
Envisioning Synthesis and Synergy
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Dear Readers,

It is with great pleasure that we present the 2005-2006 TRI Bulletin.  The themes in this volume
reflect various emergent topics within the environmental field: planning, subsistence livelihoods,
agriculture, public infrastructure, mining, and industry.  Addressing issues through differing per-
spectives, these works aim to understand and mitigate the interactions between people and their
natural environment, producing results designed to better our efforts as conservation practitioners.

Several writers focus specifically on environmental planning efforts and their influence on the
human and natural landscapes in the hopes of creating better management plans.  Radhika Dave’s
paper informs current conservation initiatives on the impact that anthropogenic change has on
mangrove forest ecosystems, while urging planners to consider human needs in large-scale man-
grove conservation.  Similarly, Krupa Patel explores the establishment of transboundary conserva-
tion areas and its potential to disrupt social, economic, and livelihood networks across country
borders unless it considers current needs of border populations.  Alvaro Renondo-Brenes and
Kristen Welsh conduct a case study, addressing the advantages and disadvantages of a working
conservation program that provides payments for environmental services.

Other articles explore specific human-environment interactions.  Catherine Schloegel and Tendro
Ramaharitra offer different perspectives on the environmental impact of subsistence livelihoods on
the landscape.  Catherine creates an introspective account of the economic and ecological trade-
off that occurs when a village association harvests trees against their public doctrine.  Tendro pres-
ents an analysis on the effect of tree removal by villagers on adjacent forest areas.

An additional human-environment thread focuses on the impacts of agricultural practices.  Wendy
Fransesconi and Gonzalo Griebenow provide a dichotomous account of the impact of agricultur-
al practices on animals.  Wendy explores the influence of live fences on bird diversity and abun-
dance in areas near forests, creating conclusions which serve to better agricultural practices.
Gonzalo studies the effect farm establishment on the edge of a forest reserve has on the movement
of elephants in the region.  Richard Chavez’s piece provides an alternative approach to studying
agriculture, offering a model to identify soil erosion levels, which can help with establishing farms
and lessening their impact on the environment. 

A prevalent theme in this issue is infrastructural development and its impact on social and envi-
ronmental systems.  Caroline Simmonds, Kristen Welsh, and Ikuko Matsumoto offer insight on
the societal response to the creation of public infrastructure.  Caroline analyzes the effect of road
creation on rural villages and illustrates the significant positive and negative changes that can tran-
spire.  Kristen Welsh assesses the absence of infrastructure, analyzing what can be done to improve
village access to potable drinking water.  Ikuko Matsumoto takes a critical look at infrastructural
mitigation projects through the analysis of large dam development.

We end this year’s bulletin with a call to action through the exploration of societal responses to
industrial development.  Linda Kramme reviews how NGO activities can affect sustainable forest
management projects and possibly improve industry accountability.  Oscar Franco takes a more
local approach, illustrating the potential impact community uprising may have on mining devel-
opment and future land stewardship.

The quality of this volume serves as a reminder of the long hours, both in tropical field sites and
Yale computer labs, that many people have invested—not only student researchers, but also, and
especially, Amity Doolittle, TRI coordinator and guide; Lisa Curran, indomitable Institute direc-
tor, and our spirited acting director (during Lisa’s leave), Mark Ashton.  As editors, we would
appreciate hearing from you and appreciate any suggestions, potential collaborations, or addition-
al opportunities for students and expanding our programmatic reach.

Monisha Gangopadhyay, MEM 2007; Laura Kiernan, MEM 2006; 
and Colleen Morgan, MEM 2007
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We are pleased to announce a new joint initiative with Tropical Resources Institute at the Yale
School of Forestry & Environmental Studies and the Center for Tropical Forest Science at the
Smithsonian Tropical Research Institute.

An environmental leadership and training program to promote biodiversity conservation in
tropical forests in Asia and Central and South America has been established at Yale University
with a $4.8 million gift from the Lisbet Rausing Charitable Fund.

“The worldwide environmental crisis reflects deep disparities in the capacities of nations, institu-
tions, communities and individuals to develop and implement solutions that sustain both
human societies and the biosphere,” said Mark Ashton, the program’s principal investigator and
professor of silviculture and forest ecology at the Yale School of Forestry & Environmental
Studies (F&ES). “The future success of conservation efforts requires a major enhancement of
social capital in the developing world.”

The Tropical Resources Institute at F&ES, in partnership with the Center for Tropical Forest
Science of the Smithsonian Tropical Research Institute, will coordinate the program in building
the environmental conservation and management capacity of individuals, communities and
institutions in regions of high biological diversity in tropical forests. 

The program will focus on the training of field workers in conservation, park managers, officials
concerned with energy, infrastructure services and natural resources, and environmental policy
makers and community leaders.

Short courses, workshops and field trips will take place at the program’s principal sites in
Panama City and Singapore, where Yale and the Smithsonian already work together, as well as
at field sites in South and Southeast Asian and Central and South American regions. 

“With the support of the Rausing Charitable Gift Fund, we will be able, for the first time, to
develop and offer a systematic, integrated program of training and education in the tropics,
building on our existing relations with the Smithsonian Institution and forging new relation-
ships within each region,” said Gus Speth, Dean of Yale School of Forestry and Environmental
Studies.

The Yale Environmental Leadership and Training Initative (YELTI) expands TRI’s existing
research programs and offers tremendous opportunities for students at F&ES.  For over two
decades TRI has provided students with the chance to experience the rewards and challenges of
conducting independent research in the tropics.  Now we can broader their learning experiences
by offerering students the possibility to join YELTI as teaching interns.  

Yale Environmental Leadership 
and Training Initiative 
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It is with sadness that we mention that one of our dedicated supporters to the
Tropical Resources Institute, Peggy King (MFS 1985), died on December 16th
2005 with Larry (MES 1985), her husband, by her side.  I remember Peggy well
as a classmate, a close friend, and a colleague. She was a quiet and unassuming per-
son, with a drive and determination to conserve and protect the environment.
Peggy was one of the first students in the TRI internship program that went to Puerto Rico in the
summer of 1984. After graduation she continued to work directly for TRI as a program assistant
for Bill Burch.  Then when Peggy and Larry left for Minneapolis she served as an advisor to TRI
as it developed from an idea into reality, from small to large, and from an island-based program to
a global network.  Peggy and Larry have been generous and thougtful supporters to TRI and its
internship program. We will miss her dearly and her contribution to TRI will be lasting.

-Mark Ashton, MF 1985. PhD 1990

Thanks to the generous support from Jim Leitner, YC 1975, Madeline Meek MEM 2006, and
Saima Baig, MEM 2006 were able to work as IUCN interns in Sri Lanka and Pakistan.

“Keeahla vahdaknay” is my favorite Sinhalese expression, and it perfectly captures my experience
in Sri Lanka this summer for I have “no words to express” the intensity, the beauty, the pain,
and the hardship that I saw and felt throughout the ten weeks I spent there. While working
with the IUCN on tsunami rehabilitation, I saw the struggles and heard the stories from hun-
dreds of devastation and havoc, I struggled with Sri Lankan issues of political turmoil and on-
going ethnic conflict...I had so many adventures, made so many acquaintances, and questioned
myself, my career, and my life innumerable times in those ten weeks. 

-Madeline Meek, MEM 2006

News from the 
IUCN Internship Program

Remembrance
Margaret (Peggy) Rasmussen King

1957-2005

An internship fund in support of TRI’s research activities
is being established in honor of Peggy

Contributions may be sent to:
Amity Doolittle, Program Director

Tropical Resources Institute
Yale School of Forestry and Environmental Studies

205 Prospect Street
New Haven, CT 06511
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Mangrove Ecosystems of Southwest Madagascar:
An Ecological, Human Impact, and Subsistence Value Assessment 

by Radhika Dave, MESc 2006

Introduction

The importance of mangrove forests in
maintaining crucial ecosystem functions such
as nutrient filtering, supporting coral reef fish-
eries, and providing storm buffers has become
increasingly evident after the tsunami that rav-
aged parts of Asia in December 2004 (Alongi
2002; Mumby et al. 2003; UNEP-WCMC
2006). However, these vital tropical ecosystems
in the coastal inter-tidal zones, covering about
181,000 km2 (Spalding et al. 1997), continue
to be under immense threat from a variety of
human actions. Over the last twenty years,
approximately 35% of the world’s mangrove
forest area has been lost (Valiela et al. 2001).
Nevertheless, activities that contribute to this
depletion continue. These activities include
timber and fuel wood extraction, urban devel-
opment, and the expansion of shrimp aquacul-
ture, which is by far the greatest cause of man-
grove loss (Valiela et al. 2001). 

Mangrove ecosystems in many countries
face a combination of these pressures. This is
true for the island nation of Madagascar as well.
Along with some of the most remote and bio-
diverse coral reefs, 3,270 km2 of mangrove for-
est lie within Madagascar supporting numerous
coastal communities and the nation’s economy
(Cooke et al. 2003). There is limited documen-
tation of these forests in Madagascar, particu-

larly in southwest Madagascar, which is home
to the nomadic Vezo fishing communities. 

My summer research focused on the man-
grove ecosystems of Baie des Assassins, a small
bay harboring about 25 km2 of mangrove for-
est, approximately 185 km north of the port
city of Toliara. I aimed to explore the dynamics
of the forest structure, to obtain a measure of
the human impact on the forest, and to under-
stand the subsistence value of mangroves to the
local community. The indigenous Vezo popula-
tions that reside in fishing villages around and
north of the Baie des Assassins use these man-
groves for timber, fuel wood, and fishing.
However, the intensity and periodicity of use
and level of dependence on the mangrove forest
is undocumented. The region around the Baie
des Assassins may potentially form part of a
multiple-use conservation site, thus necessitat-
ing a clear understanding of the forest structure
and its significance to local communities.

Background

Nearly 98% of Madagascar’s mangroves lie
along the west coast of the island facing the
Mozambique Channel (Roger and Andrianasolo
2003). The mangroves here are part of the Indo-
Pacific domain.  But like other African man-
groves, Madagascar’s mangroves exhibit less flo-
ral and faunal diversity than those of South East
Asia (Roger and Andrianasolo 2003; Gaudian
et. al. 1995). A total of eleven species of man-
grove trees are known in Africa, out of which
eight species have been recorded in Madagascar. 

Baie des Assassins lies at 22°11'S and
43°15'E within a region that is important for its
coral reefs and mangroves. About half of the
50km2 of mangroves in the region lie within the

Radhika Dave is originially from India, but has
spent the better part of the last decade studying
and working in the US. She obtained her BS in
Biology and Environmental Sciences at the College
of William & Mary and worked with Conservation
International in DC before coming to F&ES. In the
future, she hopes to continue with ecological
research and working to integrate  conservation
within economic development.
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Baie des Assassins (Cooke et al. 2003; Gaudian
et al. 1995). Mangroves on the west coast are
important breeding grounds for several com-
mercial fish species such as mullet (Mugilidae),
sickle fish (Drepanidae), and pony fish
(Leiognathidae) (Cooke et al. 2003). These
mangroves also provide local communities with
timber for construction and fuel.

Madagascar is currently in the third phase
of its National Environmental Action Plan, a
government program that prioritizes marine and
coastal ecosystem management. The govern-
ment aims to expand the nation’s terrestrial pro-
tected area coverage from 15,000 km2 to 50,000
km2 and its coastal and marine protected area
coverage from 2,000 km2 to 10,000 km2 with-
in a period of five years (Conservation
International 2003). It has taken a series of steps
in consultation with various organizations to
meet its aim of tripling Madagascar’s protected
area network and several new Sites des
Conservation, or conservation sites, are in the
planning stages.  Baie des Assassins and its sur-
rounding region may be  included in one such
site; hence, it is important at this stage to inform
the official management and planning process
with the relevant ecological and socio-economic
data on mangrove use values and threats. While
shrimp aquaculture  increasingly is threatening
mangrove habitats in the northwest part of the
country and tourism has negatively impacted
the mangroves of Toliara, the Baie des Assassins
mangroves are yet to witness large-scale destruc-
tion brought on by these external factors. 

Methods and Data Analysis

My study focuses on the peninsular region of
the Lamboara village and its surrounding man-
grove forests within the Baie des Assassins. This
land mass, though accessible by foot from the
mainland at low tide, is essentially an island at high
tide. The village is comprised of the Vezo fishing
community and has a population of approximate-
ly 600 people, of which 60% are children. 

To evaluate the direct use value of this
mangrove forest in the daily lives of Lamboara
residents, I conducted semi-structured inter-
views with 30 households in the village, account-
ing for about one-third of the population, with
the aid of a translator who was also my research
assistant. I asked questions to assess the level of
dependence and the variety of human services
provided by the mangroves. When available,
information on the source site of mangrove
wood and other products was also recorded. I
collected data from the end of June through
mid-July, which coincided with the seasonal
northern migration of many fishermen in search
of better fishing. Hence, most of the respondents
for my social survey were women and older men,
essentially, those who remained in the villages.

To assess species composition and level of
human impact in the mangrove forests, I select-
ed four sites to be sampled ranging in distance
from the village of Lamboara (Figure 1). The
first site (Site A), is located adjacent to the village
on the same land mass. Site B is a small island
across the water channel from the village. Sites C
and D are on the fringes of the mainland of
Madagascar, also across the water channel from
the village, but not connected to Site B. Site A is
the closest to the village followed by Site B, Site
D, and finally, Site C. Within each site, three
10m x 10m plots were laid out to record the
mangrove species composition, to collect diame-
ter (according to CARICOMP 2001) and
height measures for mature trees, and to record
the number of cut tree stumps as a measure of
human impact. Randomly placed subplots were
set within each plot to record the species type
and number of seedlings and saplings as a meas-
ure of regeneration (CARICOMP 2001). 

The relative density of the five species
recorded was calculated using the formula
worked out by Cintrón and Schaeffer-Novelli
(1984). Multivariate analysis of variance was
conducted on square root transformed data for
height and diameter for mature trees – those
with diameter greater than 2.5 cm at breast
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height – to test for differences in these variables
as a function of differing site locations. These
sites are presumably differentially impacted
because of distance from village and stated use
by respondents. I analyzed the human impact
index in the form of ratio of stumps to mature
trees for variation between the four sites. I used
diameter size class distribution of trees to detect
differences between sites in species rejuvenation.
Finally, I performed paired t-tests to detect sig-
nificance in the  difference between the mean
abundances of mature trees and juveniles.

Results and Discussion

Five species of mangrove trees were found
in the mangrove stands surrounding Lamboara.
These are (Malagasy common names in paren-
thesis): Avicennia marina (hafihafy), Rhizophora
mucronata (tangandahvy), Sonneratia alba
(songery), Bruguiera gymnorrhiza (tangampoly)
and Ceriops tagal (tangambavy). However, only
Rhizophora, Ceriops, and Bruguiera were found
in plots across all four sites and only two indi-

viduals of Sonneratia were found, one each in
Sites B and D. Site A, which is closest to the vil-
lage, is used mainly for collecting fuel wood
and occasionally pole wood,1 with Ceriops
exhibiting the highest relative density of 51%
for mature trees,2 Ceriops showed a similar high
relative density when compared to the other
four species in Sites B (51%) and C (72%), but
was relatively less abundant in Site D (21%).
Among sites, Ceriops had the highest relative
dominance of 31% followed by Rhizophora at
28.2%.3 Ceriops also showed the highest rela-
tive density across sites of 49.6%, while
Rhizophora and Bruguiera had similar overall
relative density of 21.6% and 21.9% respec-
tively.  Based on the analyses performed on the
data for mature trees, the diameter and height
of mature trees does not vary significantly at
sites with differing distances from the village.
Diameter size class distribution for all the veg-
etation at each of the four sites showed the
reverse-J shape characteristic of species with
good rejuvenation (Lykke 1998).

Regeneration, measured as the total num-

Figure 1. Location of Lamboara village in Madagascar
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ber of seedlings and saplings found at each site,
and the number of mature individuals showed
similar variance in abundance across the four
sites. This was true for all the sites except B,
where the total number of total seedlings and
saplings is markedly less for Ceriops tagal than its
adult abundance (Figure 2). A paired t-test con-
ducted on the total number of mature individu-
als and total regeneration indicated that there
was no significant difference (at p value of 0.05)
in means of mature and juvenile tree numbers (p
of 0.094). The next step would be to perform
another analysis of variance to determine any sig-
nificant difference between species and groups
(juveniles and adult trees) for each of the sites. 

It is worth noticing also that consistently
high stump abundance equal to the abundance
of mature trees was found in Site B (Figure 3).
Site B is a small island and experiences a mixed
use pattern of fuel wood and pole wood collec-

tion. Site C, which is farthest from the village
and is used for its relatively taller wood, had a
highly variable human impact index in its
plots. One of its plots exhibited a 2:1 ratio of
stumps to mature trees (Figure 3). 

Houses in Lamboara are made from pole
wood that originates from the surrounding
mangrove forests. In addition to using pole
wood and collecting dead wood for use as fuel,
Lamboara residents also collect crabs in the
mangroves during neap tides and shrimp when
in season. Occasional use of Avicennia marina
to treat stomach ailments and fevers was also
observed. Shellfish (Murex sp.) are harvested
from the mangroves for consumption. Their
shells are burned to produce lime. When mixed
with sand it is called sookay and is used as
cement in constructing the walls and floors of
some houses or sold to other villages upon
order. A considerable amount of pole wood

Figure 2. Variation in abundances of mature trees and regeneration (total
number of seedlings and saplings) across sites
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collected from the mangroves is used to burn
the shells, make drying lattices, walls, fences,
and torch lights for night fishing of sea cucum-
bers. No charcoal production takes place in the
Baie des Assassins region, and most people col-
lect dead branches for fuel wood. Women are
generally the ones to collect fire wood and
crabs, while pole wood collection and finishing
is a predominantly male activity. Occasionally,
some women collect crabs for sale within the
village to augment their income from fishing,
selling each palm size crab for about 200 ariary
(equivalent to $0.11 at the time of research).
Cutting pole wood and producing sookay is also
a means of earning additional income for some
people in the village, who sell them to people
from other coastal villages north of the Baie des
Assassins. Pole wood fetches varying prices
depending upon the quality and size – pole
wood for constructing houses is sold for any-
where from 600 to1,200 ariary for poles 8 cm
in diameter and 3 to 4 m long. Similarly, a sack
of sookay (the size of a 50 kg rice bag) will be
sold for 1,000 ariary ($0.53) to others within
the village and to outsiders if it is in demand. 

The mangrove species preferentially har-
vested for pole wood in the Lamboara region
are Rhizophora, Ceriops, and Bruiguiera. This is
also a preference seen in other parts of Africa,
such as in Kenya’s Mida Creek region
(Dahdouh-Guebas et al. 2000). Rhizophora,
Ceriops, and Bruiguiera grow long and tall and
have different properties that make them valu-
able for constructing different parts of houses
or fences. While Bruguiera gymnorrhiza is well-
suited to constructing roofs due to its strength,
Rhizophora mucronata is considered ideal for
building walls and especially for use as thicker
corner poles because it can withstand saline
conditions better (Dahdouh-Guebas et al.
2000). Ceriops tagal yields thinner poles and is
used for the interweaving structures of the walls
or towards the construction of fences or small
sheds for poultry.4

According to Kairo et al. (2002), field
observations show that in a mixed stand of
Rhizophora and Ceriops, there is a tendency for
natural regeneration to favor Ceriops, irrespec-
tive of the harvested crops. This has implications
for the long term species composition of the

Figure 3. Variation in abundances for mature trees and stumps across sites
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Lamboara forests as well. If the forest structure
shifts to a predominantly Ceriops forest, then a
more socially desirable forest of Rhizophora may
give way to an inferior one from a local econom-
ic viewpoint (Kairo et al. 2002). 

Conclusions

The local communities surrounding Baie
des Assassins are highly dependent upon the
mangroves for a variety of services and subsis-
tence needs. Small-scale, selective extraction of
individual mangrove trees may have little effect
on the entire mangrove ecosystem, but it
removes individual trees. Rhizophora species do
not sprout again following cutting, while
Avicennia do (Ellison and Farnsworth 1996).
Since the forest is composed of, at most, five
species of trees supporting a variety of faunal
assemblages, drastic reduction in a single
species can potentially reverberate throughout
the ecosystem. However, ecosystem functions
of each mangrove species is not yet quantified
in ways that can inform management decisions
(Ellison and Farnsworth 1996). In the case of
the Lamboara mangroves, human use of the
forests is not leading to outright loss of forested
area; however, a shift in species composition
and forest structure may be changing the forest
qualitatively. While the ecological impact of
shifts in dominant species is difficult to esti-
mate from the data gathered and from other
studies (Kairo et al. 2002), the subsistence
function of the forests may be changed or weak-
ened more perceptibly. All four study sites
exhibit higher regeneration by Ceriops tagal in
comparison to Rhizophora and the other species
(See Figure 2). Ceriops also has the highest rela-
tive density. Further multi-year data collection
on forest structure and human use can yield
conclusive information to determine if the
forests surrounding the village are undergoing a
species shift. Ecological data should be aug-
mented with information collected during
household surveys to determine which species

are under the most harvesting pressure. The
next steps will be to disseminate these results to
the Lamboara residents in order to produce a
community initiated management plan to gov-
ern the use of mangroves in this region of Baie
des Assassins.

Endnotes
1 Based on interviews with village residents.
2 Relative Density = (Number of Individuals of a

species/Total number of inividuals) x 100.
3 Relative Dominance = (Total basal area of a

species/basal area of all species) x 100.
4 Based on interviews with village residents.
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Reconstructing the Political Boundary in the
Lubombo Transfrontier Conservation Area

by Krupa Patel, MESc 2006

Introduction

Imagine a landscape where elephants
migrate freely along ancient migratory routes,
crossing back and forth across international
boundaries; a place where tourists can drive
through multiple African countries in one day
to view wildlife and enjoy ecotourism opportu-
nities that promote biodiversity conservation
while also providing income to local communi-
ties. This is the central vision for Transfrontier
Conservation Areas (TFCAs). TFCAs, or Peace
Parks, attempt to reconcile human land use
with conservation objectives. They are com-
prised of conservation corridors linking major
protected areas across international borders.
The result is a large, unified ecological area that
can be managed jointly by different countries
through international cooperation.

Transboundary conservation has been hailed
as a new frontier in conservation and develop-
ment due to its goal of simultaneously pursuing
biodiversity conservation, rural economic growth,
and regional peace through international cooper-
ation. The Southern African Development
Community (SADC), an economic and political
alliance of nine southern African states, has
embraced the TFCA as a way to provide poverty
relief to local communities by bolstering local
economies while keeping biodiversity conserva-
tion at the center of the TFCA initiative.  Three
governments in southern Africa – Swaziland,

Mozambique, and South Africa – have embarked
on an initiative, currently in construction, to
implement a TFCA within their boundaries. The
TFCA would remove international border fences,
thereby allowing a free flow of ecosystem and local
economic functions. In the process, the political
boundaries within the TFCA are intended to
become less discernible, or less “visible.”

However, despite positive intentions for
the plan, on the ground the TFCA may
strengthen political lines within its jurisdiction,
intensifying the presence of the state in border
regions and increasing the regulation of civilian
movement across these borders. Consequently,
the TFCA may adversely impact those whose
lives depend on cross-border movement and
the overall local economy in the region. 

Background

In June of 2000, the governments of
Swaziland, Mozambique, and South Africa
entered into the Lubombo Transfrontier
Trilateral Protocol to formally establish the
Lubombo Transfrontier Conservation and
Resource Area (Figure 1). The Trilateral
Ministerial Committee, comprised of a ministe-
rial representative from each of the participating
nations, appointed high-ranking government
officials from the three country to a Trilateral
Commission. Under the direction of the
Trilateral Commission, five stakeholder Task
Teams were deemed responsible for planning
and organizing the implementation of the five
corresponding sub-TFCAs that, together, com-
prise the Lubombo TFCA. Each country's con-
servation agency is then responsible for manag-
ing the TFCA land under their jurisdiction.

The anticipated Lubombo TFCA is 4,195
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km2 and lies on a coastal plain running from
Tembe Elephant Park and Ndumu Game
Reserve in northern KwaZulu-Natal, South
Africa, to the Maputo Elephant Reserve in
Mozambique (Peace Parks Foundation 2005).
Tembe Elephant Park will be connected to the
Maputo Elephant Reserve through the creation
of the Futi Conservation Corridor, which will
reunite elephant populations in the two parks.

Several communities live in and are adja-
cent to the Lubombo TFCA. Most homesteads
in the border regions are constructed using tra-
ditional materials and methods, and many peo-
ple rely on a combination of livelihoods, which
generally include subsistence farming, local ilala
palm wine production, bush meat markets, and
reed harvesting, as well as illicit transboundary
activities. These communities frequently
depend on natural resources that lie on opposite
sides of the international boundary fence.

Although government officials are
attempting to hasten the process of making the
Lubombo TFCA operational, within the

TFCA, international border fences have yet to
be dismantled. TFCA officials are still in the
process of settling land claims, building infra-
structure, and developing management plans. 

Changing Regulation and its Impact on
Policing and Creating Linkages

On an abstract level, the international
boundary creates distinctions between systems
of governance, history, and society. However,
physical boundaries that separate the laws and
policies that govern South Africa,
Mozambique, and Swaziland can be walked
across with little difficulty on the ground. On a
local level, the international boundary that falls
within the proposed TFCA is a single-track
sand road that runs between two four-foot-high
wire fences formally separating the three coun-
tries. These fences are broken in some places
and non-existent in others. 

The border regions where South Africa,
Mozambique, and Swaziland meet are sparsely

Figure 1. Map of 
the Lubombo
Transfrontier
Conservation Area. 

Source: Peace Parks Foundation
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populated and state presence is all but absent in
many of these areas. According to political sci-
entist and anthropologist, James Scott, “Border
zones have traditionally been non-state spaces,
characterized by perceived chaos and illegibili-
ty” (1998: 187). Most local movement along
the border regions is fairly unimpeded.
According to an inspector in KwaZulu-Natal,
South Africa, “border control is a major prob-
lem in the South Africa-Mozambique border
regions and there is very little regulation of
movement” (South African security forces,
pers. comm., 2005). As such, security in the
borderlands is a heavily discussed issue among
TFCA administrators.

Since conservation requires government
action to regulate people’s activities and man-
age land (Ellis 1994), the Lubombo TFCA will
intensify state presence in the borderlands
through increased security and border forces.
Border regulation will increase through the cre-
ation of corridor areas that are patrolled by
both national forces and conservation authori-
ties, leading to more effective policing of the
borderlands (South African conservation
authorities, pers. comm., 2005). 

In addition, the TFCA will also strength-
en core-periphery institutional linkages
through the construction of infrastructure for
the TFCA. Roads and tourist facilities have

been planned in all three countries to better
connect the border regions to urban areas.
Road-building is an inherently political activi-
ty. The extensive road-building planned for the
TFCA will increase market access into and out
of the communities affected by the TFCA,
restructuring local economies. It will also
strengthen state access, bringing more visibility
to the borderlands.

The Effect of TFCA Regulation on Local
Economies: Cross-Border Trade, Market
Access, and Interaction

Although international cooperation is a
main goal of the TFCA, cooperation across the
political boundary is already taking place
through systems of trade that contribute to the
local economy. In a sense, these border zones
are already transfrontier areas since local liveli-
hoods and identities depend on cross-border
trade and interaction. Most movement across
the international border is from the local pop-
ulation who crosses back and forth to visit fam-
ily, purchase bush meat, sell fish, and buy sup-
plies at the local markets (community member,
pers. comm., 2005). According to Jennifer
Jones in her article, Transboundary
Conservation: Development Implications for
Communities in KwaZulu-Natal, South Africa,

Th e boundary road between South
Africa and Mozambique
Photograph by  K. Patel
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many members of the Mbangweni community
on the South African side of the border have
primary household garden plots that lie one to
two kilometers over the border in Mozambique
on the floodplains where the soil is more fertile
(2005). Greater regulation of local movement
across the international border may affect local
access to productive farming land and informal
markets that are currently used by people on
both sides of the international border.

In addition, small dirt paths can be seen
winding their way through the dense bush on
both sides of the international border road. The
small dirt paths are the routes people take to
avoid paying “crossing tolls” in the form of
crops and money at stop-points along the main
border road (South African Conservation
Authorities, pers. comm., 2005). Increasing
border forces may highten the visibility of these
informal border crossings. When security forces
flow into the borderlands through the TFCA, it
may place a further economic burden on peo-
ple by imposing stronger regulation of local
crossing paths and border zones, and perhaps
expanding the crossing tolls network into pre-
viously informal routes.

Bush meat is an integral part of local diets
since it is a traditional form of sustenance and
also tends to be cheaper and more nutritious
than store-bought meat. Bush meat also has pro-
found implications for the local use of domestic
livestock as capital investments for the econom-
ic security of the household. “People, regardless
of ethnicity [in Eastern and Southern Africa],
generally refrain from utilizing their livestock for
domestic use, especially when a viable meat pro-
tein alternative exists so that livestock can be pre-
served as household capital and cultural assets,
and be used only in dire circumstances during
drought and famine” (Pillinger 2004: 22).

There are three informal markets that are
currently operating along the international bor-
der on land that will become part of the TFCA.
These markets support the trade of bush meat,
household goods, ilala palm wine, and locally

grown produce from household plots in the
area. Most of the daily movement across the
border is foot movement for these markets.
Although border communities access the mar-
kets differentially, Jones found that 18% of
Mbangweni residents on the border sell house-
hold goods at the local markets, and 77% buy
household goods at these markets (2005). 

These informal markets are forums for
social interaction as well as cross-boundary
trade between border communities. At the
KwaMshudu border market, women grill fish
and sell stews in giant cauldrons. Giant plastic
gas cans of locally made ilala palm wine are
stacked in piles for local sale, and men smoke
and socialize under trees from which red duik-
ers and other bush meats hang. Women hang
their fresh-plucked fowl and dried meat from
the border fence, and people cross through the
fence as if it was merely there to display their
goods. Border guards with AK-47s lounge
along the fence-lines smoking and watching the
local movement through the fences. 

The KwaMshudu market will most likely
be consumed by the proposed Futi Conservation
Corridor that will link Tembe Elephant Park in
South Africa to the Maputo Elephant Reserve in
Mozambique. The proposed Futi Corridor will
encompass two of the three existing informal
bush meat markets, as well as several crossing
points used by South Africans to access their
household garden plots in Mozambique.
Walking access in the borderlands within the
TFCA may also be restricted by the expanded
range of elephants and other dangerous fauna in
the conservation areas (Jones 2005). 

The Potential for Increasing Visibility of
Socio-Economic Disparities

Mobilization of border forces along the
political border within the TFCA has many
implications. Will increased security forces con-
tribute to more regional stability, more gover-
nance of the border regions, or perhaps more
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conflict? At current international border posts
within the TFCA, South African and
Mozambican border forces are camped roughly
60 m from each other across the international
border road. The Mozambican security forces
live in make-shift tents on one side of the polit-
ical border, while the South African forces live
in solid, weather-proof barracks on the other
side. Unequal ground-level funding often leads
to jealousy and intimidation among interna-
tional border forces (South African Security
Forces, pers comm). A further implication is
that salary and infrastructural disparities along
the international border may make the political
border visible socio-economically even after the
border fences has been removed physically.

Conclusion

In his article, Transfrontier Conservation
Areas: A New Dawn for Eco-tourism or a New
Form of Conservation Expansionism, Saliem
Fakir astutely wrote, "There is a real danger
that if TFCAs are not carefully thought
through in terms of their economic and social
impacts, a purely conservation mind-set may
drag regional governments to support what
may turn out to be large tracts of unproductive
land...the cost of which will have to be borne
by already impoverished citizens in the region"
(Fakir 2000: 4). In southern Africa, security
forces that patrol the international boundaries
within the TFCA may increase the regulation
of movement across the political border. 

Although people will always find ways to
cross boundaries, the TFCA may present an
additional hurdle, hindering local systems of
trade, household production, and social inter-
action that depend on unregulated cross-bor-
der movement. Thus, despite its purpose to
transcend international boundaries, the TFCA
may, in fact, reinforce boundary lines and
undermine the efforts of the southern African
political community to improve local
economies and combat rural poverty.
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Introduction

Implementation of Payment for
Environmental Services (PES) programs, espe-
cially for watershed services, is a recent activity.
PES is a mechanism where landowners receive
compensation for the environmental services
their land provides to society in general
(Pagliola 2002). This program is often used to
improve water quality through watershed pro-
tection. Watersheds accomplish this by improv-
ing flow regulation, filtering water, controlling
erosion and sedimentation, and maintaining the
hydrological functions provided by forests
(Johnson et al. 2002; Echavarria et al. 2004).
The watershed-based PES programs have been
deemed a success for both conservation and
development (Echevarria 2002; Redondo-
Brenes 2005), which has led to the establish-
ment of programs in Latin America, such as in
Costa Rica (Miranda et al. 2003; Rojas and
Aylward 2002; Cruz and Navarrete 2000;
Mejias and Segura 2001), Ecuador (Echavarria

2002; Echavarria et al. 2004; Redondo-Brenes
2005), Colombia, and Brazil, and in the US,
such as in New York City (Tam 2002).

The assessment of these programs is
important because prototypes have been estab-
lished in different countries and it can be useful
in creating a framework for further implemen-
tation in other regions. This paper assesses a
PES program participating in watershed con-
servation, the Public Services Enterprise of
Heredia (ESPH) Procuencas program in Costa
Rica, for strengths, weaknesses, and feasibility
of implementation in other countries. ESPH
was selected since it is seen as one of the most
successful projects for watershed protection
within the country. This effort is one compo-
nent of a larger research project addressing
water management in Costa Rica (see
“Assessing Accesss to Potable Water in Rural
Communities in Costa Rica” by Welsh, this
volume). We interviewed technicians in charge
of Procuencas, as well as other governmental
institutions related to water issues and PES in
Costa Rica. Additionally, we reviewed available
literature related to Procuencas, ESPH, and
PES programs for watershed conservation. 

Background of Payment for
Environmental Services in Costa Rica

In Costa Rica, a PES program was imple-
mented throughout the country with the cre-
ation of the Forestry Law in 1996. The Forestry
Law identifies a range of environmental services
derived from natural forests, tree plantations,
and agroforestry systems, such as carbon fixa-
tion, hydrological services (i.e. reduction of silt
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in the water supplied to hydropower and
aquifers), biodiversity protection, and provision
of scenic beauty (Subak 2000). On average,
landowners receive $540 per hectare for estab-
lishing new tree plantations, $210 per hectare
for established plantations, $210 per hectare for
forest conservation and regeneration, and $0.8
per tree for supporting the establishment of
agroforestry systems over a period of five years
(FONAFIFO 2004). The PES program receives
revenues from a five percent tax on gasoline con-
sumption, private-sector contributions, and the
sale of certifiable tradable offsets (CTOs) to for-
eign investors. For example, in 1997, Norway
purchased $2.0 million in CTOs in exchange for
carbon offsets (Subak 2000), and the govern-
ment of Germany, through the Kreditanstalt für
Wiederaufbau Bank, is investing $10 million
(FONAFIFO 2004). The PES program is
administrated through the National Forestry

Fund (FONAFIFO) and implemented by the
Ministry of Environment and Energy (MINAE),
private consultants, and NGOs, such as FUN-
DECOR (Foundation for the Development of
the Central Volcanic Range), working at the
community level with landowners (Figure 1). 

As a component of the PES program, pri-
vate companies support the program through
signed agreements with FONAFIFO that pro-
mote watershed conservation in Costa Rica.
The hydroelectric power company Energía
Global is paying $10/ha/yr for the protection
of 1,818 ha in near the San Fernando River
watershed and 2,493 ha around the Volcán
River. Platanar, another hydroelectric power
company, is paying between $15/ha/year and
$30/ha/year to protect 3,654 ha in the Platanar
watershed. The State Power Producer (CNFL)
is paying $40/ha/year to protect 10,900 ha
around the Balsa Superior River, the Aranjuez

Figure 1. The Costa Rican payment program for environmental services. The water
services program is in bold 

Source: adapted from Pagiola 2002
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River, and the Cote Lake. The final example is
of the Florida Ice and Farm Co. (Costa Rica
Brewery), which signed an agreement in 2000
to pay $45/ha/year to protect 1,000 ha in the
Segundo River watershed, where they obtain
water for their activities (FONAFIFO 2004). 

The Procuencas Project

ESPH (Public Services Enterprise of
Heredia) was created in 1976 as a public insti-
tution and was transformed into a private insti-
tution in 1998. As the main water authority in
the region, the company also provides electric-
ity, sewage services, and public illumination to
a total of 188,000 residents located in three
municipalities – Heredia, San Rafael, and San
Isidro – within the province of Heredia
(Gámez, pers. comm., May 30, 2005). ESPH
obtains its water from five micro-watersheds:
Ciruelas, Segundo, Bermúdez, Tibás, and Pará,
located in northern areas of the Heredia
province (Solano, pers. comm., May 30, 2005).
According to Gámez (pers. comm., May 30,
2005), the main problems affecting watershed
conservation in the region are deforestation,

urban growth, and livestock. However, these
problems have been decreasing in recent years. 

The Procuencas project started in 2000 as
an initiative of ESPH (Gámez 2003).
Procuencas is a private PES program for water-
shed conservation independent of FONAFIFO,
and it provides more payment to the beneficiar-
ies in its region than FONAFIFO does in the
rest of the country (Gámez, pers. comm., May
30, 2005). ESPH pays landowners approxi-
mately $100/ha/yr for conservation distributed
over 10 years and $946/ha for reforestation dis-
tributed over 5 years (Gámez, pers. comm.,
May 30, 2005).

The main objectives of Procuencas are (1)
to conserve and restore the watersheds of the
water that ESPH administers and (2) to
improve river water quality by providing eco-
nomic compensation to landowners who vol-
untarily protect their forested lands or to those
who want to reforest their land (Solano, pers.
comm., May 30, 2005). Procuencas receives
revenues from a Hydrological Fee included on
each user’s water bill, private contributions, and
through partnerships between ESPH and other
private companies (Figure 2). 

Figure 2. Administration of the ESPH-Procuencas project funds acquired from the
hydrological fee and payment for hydrological services 

Source: adapted from Gámez 2003
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To date, the ESPH fee is the first in the
country that internalizes environmental bene-
fits (e.g. forest services such as capture and
infiltration of water and restoration of degrad-
ed lands) and opportunity costs for traditional
uses of protected land (e.g. cattle ranching for
dairy, which is the most common land use in
this region) in a public service tariff (Gámez
2003). The Hydrological Fee was approved by
the government’s Public Services Authority
(ARESEP) in 2000 (Solano, pers. comm., May
30, 2005). This fee is located in a separate col-
umn on the water bill, which draws users’
attention to the additional amount they are
charged. In 2004, the fee amounted to
$0.01/m3 of water (Gámez, pers. comm., May
30, 2005). This fee is used to finance the
ESPH-Procuencas fund administered by the
Procuencas environmental division within
ESPH (Figure 2). The final decision of how to
prioritize the use of the fund is delegated to a
control committee, consisting of one member
from each of the three municipalities represent-
ed in ESPH, two representatives of ESPH, the
director the Central Volcanic Range
Conservation Area of MINAE as the fiscal
advisor, and the director of FONAFIFO as an
observer. The fund has been invested in pay-
ments for forest conservation, reforestation
programs with native tree species, environmen-
tal education programs, and land purchase in
priority areas delineated by ESPH (Solano and
Gámez, pers. comm., May 30, 2005). 

According to Gámez (pers. comm., May
30, 2005), the program’s success can be attrib-
uted to (1) separating Procuencas from FON-
AFIFO, which has enabled better investment in
ESPH priority areas instead of FONAFIFO
areas, as well as the avoidance of bureaucratic
requirements; (2) establishing their own institu-
tional framework (Figure 2) that simplifies and
focuses efforts and allows them to have control
at the community level instead of the national
level; (3) focusing on local and direct benefits as
a means to activate the interest and responsibil-

ity of the local people; and (4) providing com-
munities with large benefits from the project at
a low cost because the administration of the
fund represents only 0.5% of the ESPH budget.

Critique of Procuencas

The Procuencas project is considered a suc-
cessful case study in Costa Rica and has been
used as a model in other regions of the world,
such as in Ecuador (Echevarria 2002; Redondo-
Brenes 2005). There are four main achievements
of the program that can be highlighted. First, the
Hydrological Fee was created as a means to com-
pensate landowners for the hydrological services
their lands provide. Second, while 97.5% of
Costa Rican residents have access to water in
their households, 40% of them drink public
water that is not potable (Segura Bonilla et al.
2004). However, 100% of the local residents
receive potable water from ESPH. Third, over
1,000 ha of land are protected within the pro-
gram to date. Finally, other local water compa-
nies and municipalities are approaching ESPH
to acquire knowledge about the program and
implement similar approaches in their territories
(Gámez, pers. comm., May 30, 2005). 

There are, however, some weaknesses
within the project that should be addressed to
avoid failures in the future. First, ESPH person-
nel have not succeeded in communicating the
objectives and benefits of the program to the
users. Though local people see the fee on their
water bills, according to Gámez and Solano
(pers. comm., May 30, 2005), people are not
educated about this new fee or the importance
of preserving upstream watersheds. For
instance, even though ESPH has invested in
environmental education, most of the rivers
within their territories are still highly polluted.
More time and money must be spent to educate
people about the importance of watershed pro-
tection. Second, the program would benefit
from a revised delineation of areas designated
for well protection. Based on current delin-
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eations, areas are not large enough to protect
wells from the complexities of hydrological
flow, such as shifts in groundwater movement.
If ESPH expands the area currently under pro-
tection, more land could be forested. Finally,
according to Gámez (pers. comm., May 30,
2005), urban development in the region is sig-
nificantly affecting the conservation of water-
sheds. Heredia is one of the provinces with the
highest rate of urban growth. Although it is ille-
gal, municipalities are allowing the construction
of new development projects close to water
sources, which may lead to future problems.
Thus, there needs to be more coordination and
control across different Costa Rican institutions.  

Final Remarks: Feasibility of Project
Implementation in other Regions

The implementation of a watershed conser-
vation model that targets household water con-
sumption is attractive because it is cheaper to pay
for environmental services than restoration activ-
ities. For instance, by investing approximately $1
billion in land protection and conservation prac-
tices, New York City hopes to avoid spending $4
to 6 billion on filtration and treatment plants
(Johnson et al. 2002). In addition, in Portland,
Oregon; Portland, Maine; and Seattle,
Washington; authorities have found that every
$1 invested in watershed protection can save
anywhere from $7.50 to nearly $200 in costs for
new filtration and water treatment facilities
(Johnson et al. 2002). People worldwide have
expressed their willingness to pay for better water
quality (Gámez, pers. comm., May 30, 2005;
Coronel-Castro and Jaramillo-Ordonez 2005;
Echavarria et al. 2004; Rodriguez and Southgate
2003). In Costa Rica, for instance, a bottle of
water costs approximately $1.50, and one cubic
meter of water supplied to households is only
$0.20. Thus, it is more economical for local
users to pay for watershed protection and to have
access to potable water than to spend a large
amount of money buying bottled water.

Before implementing a payment mecha-
nism for hydrological services, we have to consid-
er the following questions: (a) Who are the bene-
ficiaries? (b) Who are the suppliers? (c) How
much should we charge the beneficiaries? (d)
How will the project compensate service
providers? (Johnson et al. 2002). ESPH-
Procuencas addressed these questions before
implementing the project, and the outcomes are
highlighted above. Moreover, Procuencas created
an adequate endowment from the Hydrological
Fee, which allows them to implement and invest
in conservation and environmental education in
the region. On the contrary, in Ecuador, the
water authority of Quito encountered several
problems when trying to implement their water-
shed conservation program due to the lack of an
endowment (Pugh 2002). Thus, building a
strong endowment is a key step in starting a
watershed conservation program. 

Procuencas, as mentioned above, is inde-
pendent from FONAFIFO and has a more
simple structure in comparison to the latter
(Figures 1 and 2). While in FONAFIFO inter-
mediaries such as MINAE, local consultants,
and NGOs are needed to invest money into
conservation issues, Procuencas works directly
with the local suppliers and beneficiaries of
their watershed conservation approach. This is
another key point that should be considered
before implementing a watershed conservation
program in a particular region of the world. As
mentioned by Gámez (pers. comm., May 30,
2005), if ESPH could implement Procuencas
with just 0.05% of their total budget and with
only one technician working full time on the
project, other water authorities in Costa Rica or
worldwide should be able to implement a simi-
lar project. If only 40% of Costa Ricans have
access to potable water and Procuencas has dra-
matically improved this situation, water
authorities in the country should think about
establishing similar approaches to ensure better
water quality for their residents. 
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Utilizing water as a means for watershed
conservation not only ensures better quality
water for users but also is a good strategy for
preserving forests, restoring or rehabilitating
degraded lands through reforestation, protect-
ing biodiversity, and achieving other forest
services, such as carbon sequestration and sce-
nic beauty. Despite considerations of certain
weaknesses in the Procuencas program, ESPH
provides a useful model for implementation in
other regions of the world. This implementa-
tion may be feasible in regions where water
authorities work with local residents to
improve water quality and watershed conserva-
tion and where every participant can potential-
ly benefit from the program.
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From Research to Reality: 
Exploring the Tensions between Environmentalism’s Moral Religion

and Rural Agricultural Poverty in the Ecuadorian Amazon

by Catherine Schloegel, MESc 2006

Introduction

The hum of a chainsaw punctuated the
otherwise melodic cacophony of sounds deep
within the Ecuadorian rain forest. Ducking
underneath pendulant cacao branches, I walked
through the forest seeking the source of the
chainsaw’s drone. At the back of a cacao
orchard I saw three stumps. Sawdust littered
the pathway and I watched as a sinewy man
with a chainsaw carved the trunks into thin 2
inch by 10 inch boards. 

I had arrived in Ecuador’s rain forest near-
ly two months before to investigate locally-
devised sustainable alternatives to deforestation
and mineral exploitation. For a total of three
months, I worked alongside members of the
Kallari Association, a group comprised of
indigenous Kichwa and colono, or smallholder
farmer, communities in Ecuador’s Napo
Province (Figure 1). Kallari’s goal is to identify
direct international markets for the sale of
products – chocolate beans and handcrafts –
produced locally by its members. Direct access
to international markets allows Kallari to pay
higher prices to its members than the prevailing
regional prices offered by middlemen. By some
estimates, members of Kallari are likely to earn
nearly $250 more per year than their non-par-
ticipating neighbors.1

Catherine Schloegel, originally from Boulder,
Colorado,  has worked as an environmental educa-
tor in state, national, and international parks. She
completed a bachelor’s in Geography at Vassar
College in 2000. Upon graduation she hopes to
pursue further work in the field of community-
based conservation in Latin America.

In one community I discovered that,
despite the presence of alternatives, some
Kichwa families, nevertheless, continue to har-
vest timber. Timber sales provide pocket cash
throughout all seasons of the year, not only
during seasons of peak harvest; however, timber
removal can cause changes in forest microhabi-
tat affecting subsistence food production and
decreasing forest biological diversity.
Moreover,  harvesting a mature tree removes it
from the base resource pool for several  decades.
Those who choose to harvest timber, therefore,
are choosing short-term benefits at the cost of
long-term sustainability.

As a student of environmental anthropol-
ogy, I sought to investigate decision-making
processes within Kichwa households. After two
months of work alongside members of the asso-
ciation, I struggled to comprehend why mem-
bers of one community continued to harvest
timber trees, instead of focusing production on
cocoa and handicrafts, which are more sustain-
able livelihood options. As an outsider, I used a
familiar cultural ideology of trade-offs and
alternatives to understand Ecuador’s complex
social and environmental landscape. I found
that unlike North American conservationist
paradigms, Kichwa choices are not mutually
exclusive. Instead, subsistence and market-
based livelihood strategies vacillate upon a con-
tinuum of decisions determined by ecological
limits and shaped by social necessity. Upon first
impression, the Kichwa willingly engage in
“conflicting” activities. While a household
might choose to harvest organic cocoa, main-
taining a complex agroforestry system within its
farm, it might also choose to over-extract valu-
able timber species, in essence, trading long-
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term necessity for short-term necessity. To
them, these activities are not contradictory;
rather, they are complementary and requisite
for survival. 

Within this article, I seek to examine the
logic underlying Kichwa economic and ecolog-
ical decision-making. I will examine how
Kallari’s sustainable development choices affect
Kichwa market-based choices. Using this dis-
cussion as a foundation, I will explore how my
own perspectives on conservation and develop-
ment paradigms were limited in terms of visu-
alizing types of activities that might be under-
stood as sustainable. I will end by posing a crit-
ical question to environmental researchers to
support the employment of a new paradigm to
present complex realities.

The Kichwa: Amazonian Farmers and
Forest Stewards

For most outsiders it is difficult to differ-
entiate a traditional Kichwa farm in Ecuador’s
rain forest from the surrounding verdant tropi-
cal landscape. In Ecuador’s Napo Province,

subtle variations of green bathe the profusion of
vines, trees, bushes, and shrubs that form
patches of primary and secondary rain forest. In
comparison with the tidy rows of Iowa corn on
a North American farm, a typical Kichwa farm
appears chaotic – a mixture of staple food crops
including cassava, peanuts, beans, corn, and
plantains, as well as a variety of fruit, hardwood
timber, and firewood species are planted under-
neath the overhanging forest canopy. For the
Kichwa, a farm produces subsistence crops for
family consumption in addition to serving as a
savings account stocked with mature hardwood
trees. 

The Kichwa’s ancestors have lived in the
rain forest for hundreds of years, farming and
hunting. Most Kichwa today are bilingual,
speaking Kichwa as well as Spanish. Within
Ecuador, the Kichwa number over 3,070,000
individuals (Wibbelsman 2003). The majority
of Ecuador’s Kichwa live in the sierra, along the
steep Andean backbone that runs down the
length of South America. Approximately
70,000 Kichwa live in the rain forest
(Wibbelsman 2003).

Figure 1. Map of Ecuador by
Stephen Holland

Source:  Whitten, N.E. Jr.  2003.  
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Making Trade Fair: The Kallari
Association

The indigenous-run Kallari Association
consists of 22 communities that include the
Kichwa and colonos and represents 1,700 indi-
viduals who reside in the Napo Province of
Ecuador. The members of the association are
smallholders who typically own less than 30
hectares of land. Generally, their landholdings
consist of a mixture of primary forest and active
farms.2 The Association’s primary objective is
to provide members with fair prices for locally
produced chocolate beans and handmade
crafts. Kallari’s overarching goal is to provide its
members with sustainable livelihood choices.  

During the 2005 cacao season spanning
from late May through early August,3 Kallari
purchased 126,300 lbs of fresh cacao beans
from participating members. Each member har-
vests ripe cacao pods from his or her trees every
two to three weeks during the season (see pho-
tos below). Numerous factors affect the amount
of cacao harvested including land quality,4
extent of total land holdings, age of cacao trees,
and degree of tree, and field maintenance.
Reported bi-monthly harvests of dry beans from
individual farms varied from one pound up to

600 pounds. In addition to buying fresh cacao
beans, the Kallari Association also purchases
handmade jewelry and crafts from participating
communities one or two times per year.5

While cacao and jewelry production have
long been a feature of the Kichwa market-based
production, unscrupulous middlemen have
taken advantage of the small profit margin, leav-
ing local Kichwa with little more than pennies
for their labor. In contrast to these arrangements,
Kallari directly markets cacao and handmade
jewelry to both domestic and international out-
lets, passing on the profits to local association
members. Middlemen pay one dollar per strand
for jewelry, be it a bracelet or a necklace, and typ-
ically sell them in regional markets in Tena,
Ecuador. Kallari, in contrast, pays members any-
where from three to twelve dollars per strand,
based on quality, and sells most of the jewelry
directly to markets in the United States or
Europe. The same direct marketing of chocolate
allows Kallari to pay locals a much higher price
than middlemen. Prior to Kallari’s entrance into
the market, middlemen bought dry cacao beans
for 15 to 20 cents per pound. During the sum-
mer of 2005, Kallari paid members 78 cents per
pound of dried beans. In response to Kallari’s
cacao prices, middlemen purchased cacao at 40

The photograph on the left
is a ripe cacao pod, ready
for harvest. On the right is a
picture of the fleshy interior
of a cacao pod
Photograph  on left by C.
Schloegel, 2005; photograph
on right by  N. Cooper, 2005  
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to 50 cents per pound during the months of
May through August 2005. 

Trade-offs? Timber Production and Cacao
Production

In three communities located in the
Upper Arajuno watershed, I interviewed a total
of 43 households. Within a formal interview,
100 % of respondents said they sell cacao and
handmade jewelry. Of the 43 households, one
respondent maintained a small-scale balsa tree
plantation of approximately 40 trees. The other
42 respondents did not identify timber produc-
tion as part of their livelihood strategies,
although when questioned further, their
answers reflected a different reality or a differ-
ent understanding of “livelihood strategy.” 

Unlike other Kallari communities, those
in the Upper Arajuno are located at a greater
distance from regional markets. I asked resi-
dents what market activities or wage labor they
sought when they were unable to participate in
regular and planned market activities (includ-
ing the selling of cacao, jewelry, corn, or cof-
fee). Nearly everyone said that in times of
emergency, they sell timber. 

The case of Jorge,6 one area resident, is
instructive for it describes the reasons that one
household chose to harvest and sell timber. In
three days, Jorge harvested three small trees
(from the rain forest), which yielded 46 boards.
Each board had to be carried approximately a
quarter of a mile to the riverbank, and floated
downstream to the regional market. Most like-
ly, Jorge earned between $30 and $40 dollars
for his efforts, approximately five percent of his
annual income.7 In an informal conversation,
Jorge revealed that this money would be used
to pay for his 16-year-old son’s school matricu-
lation fee and to buy medicines for his elderly
father. In addition to timber, Jorge grows cacao
and several members of his family make handi-
crafts and jewelry for sale to Kallari. For people
like Jorge, selling organic cocoa and handmade

jewelry provides a greater number of livelihood
choices; nevertheless, timber extraction contin-
ues to provide an important income source. 

A Question of Scale

Denuded hillsides in Ecuador’s rain forest
are distinct for several reasons. They are almost
always accessible by the roads that large forestry
companies have built through previously stand-
ing rain forest. Secondly, although the market
will only accept certain tree species, it is rare to
see a hillside with any trees left standing. In large
clear cuts, original landscapes are cleared; non-
native grasses and cattle replace the once-rich
biologically diverse forest ecosystem.
Nevertheless, to most visitors these hillsides in
the rain forest create a strange optical illusion -
they are beautiful, green, and seemingly natural
breaks in the thick forest canopy. Upon closer
investigation, tree stumps between two and three
feet tall litter these green pastures, serving as sub-
tle reminders of the forest that was once there. 

The picture of timber production on
Kichwa farms varies greatly. As I watched the
work of a single chainsaw cutting boards, a dif-
ferent picture emerged. The surrounding forest
contines to be intact. No skid trails or log land-
ings remain as legacies of timber harvesting.
machines or roads carry out the boards. The
missing three trees left a perceptible light gap
filtering through the canopy and the surround-
ing vegetation readied to take advantage of it. 

Rhetoric versus Reality

On the Kallari website maintained by a
young Kichwa man, Kallari states that the asso-
ciation, “has proven to be a sustainable and
consistent means for the Kichwa people to ful-
fill our basic family needs without logging our
rain forests or selling...lands to farming, min-
ing, or petroleum interests” (2005). Although
Kallari members echo this rhetoric, it is not
always reflected in their daily realities. 
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In this gray area between timber produc-
tion and rural agricultural poverty, I puzzled
over Kallari’s statement. Anthropologist Anna
Tsing, in her description of Dayak villagers of
the Meratus mountain range in Indonesia,
claims that, “we can make sense, too, of
Meratus respect for these authoritative conser-
vation and development demarcations, but as
the rhetoric of leaders assuaging powerful out-
siders, rather than as the practice of daily life”
(2005: 175). She acknowledges that conserva-
tion and development vocabularies project
crisp environmental lines onto non-linear rain
forest landscapes. Kallari’s webpage might best
be understood as part of a strategy to assuage
powerful outsiders who, like myself, have con-
structed a clear environmental line with logging
on one side and conservation on the other.
Among such audiences for this webpage are
international funding agencies, including the
United States Agency for International
Development, the Canadian International
Development Agency, and the German devel-
opment agency, GTZ. Kallari’s rhetoric makes
Kichwa life readable to outsiders and places
their actions into a comfortable and familiar
paradigm of trade-offs and choices.  

The practice of daily life and rural agricul-
tural poverty defy such crisp boundaries and
definitions. Poverty is too sterile a word to
express the myriad of emotions, strategies,
choices, trade-offs, and decisions that are neces-
sary for survival. For the Kichwa who I came to
know, poverty meant going to bed hungry; for
Kichwa mothers it meant high infant mortality;
for Kichwa families it meant that diarrhea
could become a killer; for Kichwa villages it
meant no formal education past sixth grade.
Poverty meant simple things too. No shoes. No
electricity. No cash. No bed. Poverty prob-
lematizes conservation rhetoric, making it near-
ly impossible for Kichwa people to comply with
the trade-offs that conservationists all-too-fre-
quently demand. 

Conclusion: A Search for New Paradigms

Utilizing a limited frame by which to
understand an association like Kallari delegit-
imizes the Kichwa’s complex and seemingly
contradictory market strategies. It fails to
acknowledge small steps. Kallari might be best
understood as one of those small steps. To the
Kichwa, Kallari is more than chocolate or
crafts; it represents a fundamental break from
existing systems of exploitation. Middlemen are
no longer the only ones who speak Ecuador’s
lingua franca, Spanish, and understand how to
enter national and international markets.
Today, 100% of the Kichwa under the age of
thirty are bilingual. Of Kallari’s 1,700 mem-
bers, one of its first university-trained agrono-
mists will graduate in May 2006; several more
are set to follow.8

The Association’s accomplishments are
finely enmeshed in an uncomfortably gray area
bridging conservation and development, as well
as cacao production and timber extraction.
These accomplishments challenge existing con-
servation and development paradigms. My ini-
tial conservation vocabulary simplified
Ecuador’s complex landscape, erasing scale and
obfuscating hope. After three months, I found
that small-scale timber production differs from
the march of industry-led deforestation in scale,
scope, and intensity. Should conservation
equate with the promise to stop logging?
Although pleasing to conservationists, such a
defined line ignores rural agricultural realities. 

Conservation in the tropics has become an
enumeration of rights and wrongs – tapirs,
monkeys, and buffer zones are right while log-
ging, petroleum extraction, and human land use
are wrong (Redford and Sanderson 2000;
Schwartzman et al. 2000a; Schwartzman et al.
2000b; Terborgh 2000). However, a critical
part of this equation is left out: that of people
and poverty. Those who criticize local small-
scale timber extraction in the tropics, a group I
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was once part of, quite often come from places
where the norm of daily trade-offs is made pos-
sible by the existence of choices and purchasing
power. Why is it that we have asked those who
are the most vulnerable and the least able to
imagine a trade-off, to be the first ones to do so?
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Endnotes
1 In this region, the average incomes before Kallari

was established ranged from $500 to $900 per
year. Today incomes are $750 to $1,100 per
year (Logback, pers. comm., December 2005). 

2 Although most of the Kichwa have lived and
farmed the same plot of land for generations,
very few farmers have legal land title. Most
Kichwa have usufruct rights to the land.  A
land title for an average 20 ha farm can cost
between $500 and $600. Kichwa land is not
communally used or managed. Clear landscape
boundaries, informal fences, or impassible nat-
ural features demarcate individual “property”.  

3 The season for peak cacao production varies from
year to year, as well as by location. 

4 In general, people who lived on islands located in
rivers reported a higher yield per pod and per
tree than farmers with production on less fer-
tile land. 

5 In the past, the Kallari Association has bought
jewelry one to two times per year, but this year
due to an inventory overstock, they have not
yet purchased any jewelry from members.

6 Pseudonyms are used to maintain anonymity. 
7 See endnote 1 for a discussion of annual house-

hold income. Prices paid per board ranged
from $0.50 to $8.00 depending on the width
of the board and the type of wood. For those
who do not own a chainsaw, their final earn-
ings are much less.

8 Although several Kallari members have completed
two-year university teaching degrees, fewer
than five Kallari members have completed a
full five-year university degree. 
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Introduction

The tropical forests of Madagascar, which
shelter thousands of plant and wildlife species,
have a well-known reputation for their unique
biodiversity. Approximately 80% of the plant
species are not found elsewhere in the world
(Lowry et al. 1997; Schatz 2001; Gautier and
Goodman 2003). A recent study by Schatz
(2001) revealed that up to 96% of the large
shrubs and trees in Madagascar are endemic,
which is estimated to consist of over 12,000
species. Capuron stated that “any given hectare
of forest cannot be compared to its neighboring
one’s, and at anytime, community composition
changes dramatically” (Gautier and Goodman
2003). This statement illustrates the complexity
of the ecosystem and, at the same time, confirms
its vulnerability. A specific example is the rain
forest of Ranomafana, which represents one of
the last remaining strips of primary vegetation in
the eastern escarpment of Madagascar. Though
unique, a large part of the forest has been
destroyed due to deforestation; the loss was esti-
mated by Green and Sussman (1990) to be
around 80% of the original cover. The forest of

Ranomafana was classified as a protected area in
1995, which required all human populations to
move out of the designated boundaries. At pres-
ent, about 110 villages are located in the periph-
eral zone of the park, subsisting mainly on agri-
culture and hunting and gathering practices.
About 10 years after the park’s designation,
much of the forest in the peripheral zone has
been transformed into agricultural land; there is
little to no forest acting as a buffer zone separat-
ing human settlement from the park. Resources
in the park are protected, but locals continue to
claim their right to use the forest by illegally
exploiting the timber and non-timber forest
products for commercial and domestic uses
(Peters 1999).

This research assesses the impact of human
settlement around the park on rain forest vege-
tation. I aimed to uncover and understand the
dynamism of the forest over time and space and
how this change relates to human uses through
the analysis of patterns between middle altitude
evergreen rainforest vegetation structure and
composition and the presence of anthropogenic
disturbances, such as wood extraction, selective
logging, and trails for non-timber forest product
harvesting. The main hypothesis is that
increased human accessibility to the forest leads
to increased disturbance. This implies that: (a)
the forest edge has a more open canopy due to
increased cutting for fuel wood and other uses,
(b) the number of vines diminishes as we move
to the forest edge, and (c) the trail system den-
sity is higher at the forest edge. It is important
to assume that the natural gap formation in the
forest is not significantly affecting the forest
community structure and composition.

The Effects of Anthropogenic Disturbances on the
Structure and Composition of Rain Forest

Vegetation
by Tendro Ramaharitra, MESc 2005

Tendro Ramaharitra attended the Agronomy
School at the University of Antananarivo,
Madagascar, where he began working on various
projects in Ranomafana National Park.  He contin-
ued working with Ranomafana at the Yale School
of Forestry and Environmental Studies and
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Methods

This study is based on a biological invento-
ry of the forest in Ranomafana National Park.
Field measurements were entered and statistical-
ly analyzed using Minitab 14 and SAS v8. ESRI
ArcMap 9 mapping software was utilized for
spatial analyses.

I quantified the vegetation structure and
composition from the forest edge to the interior
by looking at the different forest layers and by
estimating the Shannon diversity index (H’) and
the evenness index (J’) (Krebs 1989; Magurran
1988; Pielou 1975) (Figure 1). I then measured
the following parameters to quantify human
disturbances: percent of canopy cover, quantity
of vines and trees cut in each botanical plot, and
trail density inside each plot. I performed both
linear and quadratic regression analyses relating
all human and vegetation values with the dis-
tance of the plots from the forest edge to illus-
trate the spatial pattern in each stratum; I then
used the disturbance parameter values to predict
the diversity and evenness of the study plots
through regression analysis as well. 

The study site encompasses 3.36 ha of for-
est, which was subdivided into 21 botanical
plots of 40 meters by 40 meters and distributed
along three transect lines. Trees in each botani-
cal plot were clustered into four categories: (1)
seedlings less than 25 cm in height or less than
1 cm in diameter, (2) small shrubs between 1
cm and 5 cm in diameter, (3) mid-canopy trees
less than 10 cm in diameter, and (4) canopy
trees greater than 10 cm in diameter. The
botanical materials were identified using the
identification keys of Turk (1997) and Schatz
(2001). Updates on certain species names were

verified through many authors, using mostly
Goodman and Benstead (2003).1

Background

Ranomafana National Park (RNP) is
located in the eastern escarpment of
Madagascar at latitude 21°15’S and longitude
47°27’E (Figure 2). The elevation ranges from
600 m to 1,375 m above sea level. The temper-
ature is moderately tropical, with an average
annual temperature of 19°C and a low of 6°C
during the winter. Precipitation typically falls
more than 280 days a year, leading to an annu-
al accumulation of 4,000 mm.2 The forest in
Ranomafana National Park was classified as
evergreen, humid mid-elevation by Du Puy and
Moat in 1996. The forest is subdivided into
three strata: (1) the forest canopy, reaching 25
m on average, (2) the high shrub and mid
canopy trees, and (3) the understory vegetation
and forest floor, covered with moss and lichen.
The canopy trees are characterized by a series of
Weinmannia sp. (Cunoniaceae) and
Tambourissa sp. (Monimiaceae) (Lowry et al.
1997; Du Puy and Moat 1996). The vegetation
cover changes over the landscape from tree
savanna to savanna pseudosteppe with
increased human activity (Humbert and Cours-
Darne 1965). 

Results

A total of 194 locally known species were
found in the three sites, including 23 scientifi-
cally unknown species. These species belong to
46 families and 103 genera; I could only iden-
tify 80 trees to the species level and the others
to their respective genera. The number of stems

Figure 1. Shannon diversity index (H’) and the evenness index (J’), where Hmax =

ln(S), S as the total number of species, p the proportion of all individuals in a sam-
ple belonging to the i th species
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per hectare of canopy trees varied from 688 to
881, while understory trees reached a maxi-
mum of 30,000 stems/ha. The canopy trees
were dominated by the Cunoniaceae family
and the understory vegetation was dominated
by the Rubiaceae family. 

Plant diversity significantly increased
(p<0.05) from the edge of the forest to the interi-
or (Figure 3). Following this trend, the evenness
index value was higher in the forest core than in
the edge. It is necessary to note that the evenness
index ranged from 0.60 to 0.96, where the max-
imum at which a forest community is designated
as totally even is set at 0.99 (Pielou 1975). 

I performed linear and quadratic regres-
sion analyses between the distance from the for-
est edge and the four disturbance indicators.

There was a significant decrease (f=13.6,
p=0.002) in the number of trees cut from the
edge to the interior of the forest. This shows the
use of the forest edge by local villagers (Figure
4). There was no visible pattern in the number
of lianas or trails from the edge of the forest to
the interior. Percent canopy cover was found to
decrease towards the exterior of the forest, but
this trend is not statistically significant. There is
high variability in percent canopy cover due to
the presence of forest gaps in the study plots. 

Correlation analyses show that the diversi-
ty and evenness index values are positively cor-
related with the number of lianas for canopy
trees and low shrubs (f=15.89, p<0.001;
f=15.32, p<0.001, respectively). Thus, the
number of lianas can explain forest structure at

Figure 2. Map of Ranomafana National Park 

Source: metadata from FTM Madagascar and Royal Botanic Gardens, Kew
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some level of significance, while none of the
three disturbance indicators left can significant-
ly predict the diversity and evenness of the for-
est (Table 1). In addition, percent canopy cover
predicts the diversity of both low shrub vegeta-
tion and canopy trees. 

Discussion

Two major types of human disturbance
were identified in the forest. First, there is evi-
dence of direct physical disturbance, such as the
formation of forest gaps and the removal of valu-
able species. In this study, a link was not estab-
lished between the designated disturbance param-
eters and the structure and composition of the
forest community. However, results do confirm
that the forest structure and composition are
altered at the forest edge and that there is more
extraction at the forest edge than in the interior.
Yet there is no evidence suggesting that the num-
ber of trees cut per hectare, which increases when
moving from the interior to the edge of the for-
est, is affecting the diversity and evenness of the
vegetation. Similarly, the results show that the

number of lianas per hectare affects the diversity
and evenness of the forest community, but there
is no significant pattern from this parameter
across space that would suggest human use. 

Second, there are the edge effects created by
human deforestation outside of the park. The
change in structure and composition of the for-
est might be a consequence of changes in the
biotic and abiotic conditions created by edge
effects (Ozanne et al. 2000; Laurance and Yetsen
1991; Murcia 1995) and not from the cutting of
trees. Consequently, we cannot confirm that
selective logging and other forest extraction prac-
tices alone altered the diversity and structure of
the forest by diminishing the canopy cover near
the edge. In addition, a low evenness index value
was found in the forest edge, which reveals the
dominance of opportunistic species or a species
that can adapt better to the ecology condition.
This may create a favorable environment for
heliophilous vegetation and decrease the chance
of regeneration for shade tolerant species. This
may be considered harmless to the forest, as
these pioneer species disappear as soon as the for-
est reaches its climax (Lowry et al. 1997 in

Figure 3. Correlation between distance from the forest edge and the diversity
Index values
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Table 1. Significance of the regression analysis indicators vs. diversity index

Goodman and Benstead 2003). On the con-
trary, the establishment of some invasive species,
such as the Chinese guava, Psidium cattleianum
(Myrtaceae), is considered to be a threat to the
forest. This species has already colonized most of
forest gaps in Ranomafana (Binggeli et al. 2003
in Goodman and Benstead 2003). 

Conclusion

Despite the low significance of some stud-
ied parameters, the forest pattern suggests that
human disturbances have significantly altered
the vegetation composition around the edge of
the forest. These impacts, direct human manip-
ulation or indirect edge effects, are translated
largely into a change in the proliferation of
some shrub species and the loss of canopy trees

on the forest edge. These changes may not be
as menacing as slash and burn agriculture or
timber forest harvesting, but they are indica-
tors of ecosystem health and the ability of the
forest to assume its functions (Rapport 1995).
Moreover, it is certain that if villagers continue
to travel deeper into the protected rain forest of
Ranomafana for food and supplies, the core of
the park, a primary forest, will change radical-
ly into an ecosystem that reflects the peripher-
al zone of the park. This situation will eventu-
ally leave nothing for the people living around
the park to use, and will impact also the con-
servation of the primary forest. This problem
needs to be addressed by both the local com-
munity and park management so it does not
jeopardize the future of Ranomafana National
Park.

Figure 4. Fitted line plot of number of trees cut per hectare versus distance from
forest edge

F stat P values F stat P values F stat P values F stat P values

Trees Cut/Ha 0.100 0.757 0.800 0.383 0.040 0.853 0.660 0.428
Trails 0.040 0.851 1.670 0.211 0.510 0.483 0.000 0.966

Lianas/Ha 4.390 0.050 15.320 0.001 0.450 0.511 15.880 0.001
% Canopy Cover 0.840 0.370 7.430 0.013 0.280 0.601 14.450 0.001

Canopy treesSeedlings Low shrub Mid canopy trees
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Endnotes
1 Plant identifications and descriptions are distributed

from the following authors in Goodman and
Benstead 2003: Leguminosae (Fabaceae): Labat
and Moat p.346; Sapotaceae: Gautierp.342;
Moraceae: Dalecky et al. p.322; Annonaceae:
Thomas and G Aymonin p.316;
Melastomataceae: Almeda p.375; Euphorbiaceae:
Hoffmann and McPherson p.379;
Anacardiaceae: Randrianasolo p.398; Rubiaceae:
David and Bridson p.431.

2 Data from the research station at Ranomafana.
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Introduction

Many traditional agricultural practices
replace natural vegetation with crop or pasture
production systems, which directly reduce diver-
sity (Swift et al. 2004). Among the agricultural
practices, monocultures are more damaging to
the environment than polycultures, which make
agricultural ecosystems more complex and,
therefore, more similar to the natural environ-
ment. Agroforestry systems are polyculture sys-
tems that have trees as one of the managed crops
in the agricultural system (Nair et al. 1995).
Incorporating agroforestry into monocultures
could ameliorate the disturbing characteristics of
conventional agriculture (Nair et al. 1995).

Agroforestry practices vary depending on
the objectives and characteristics of the region
(Nair et al. 1995). Agroforestry, a science that
has been studied for a few decades (ICRAF
2004), employs systems that are able to gener-
ate a wide range of environmental services. The
services include secondary benefits lauded by
conservation biologists, such as integration of
natural resources management and biodiversity
conservation (Perfecto et al. 1996).

As the fragmentation of natural landscapes
continues, greater biodiversity losses are expect-
ed. Since the trend for tropical forest areas is
conversion into agricultural fields, the agricul-
tural matrix determines the decline or preserva-
tion of the remaining natural areas and the
associated wildlife. Replacing conventional
agriculture with agroforestry is a suggested
approach that could conserve biodiversity in
the landscape (Schroth et al. 2004).

The ecological value of silvopastoral sys-
tems and the role of live fences for biodiversity
conservation are still under examination. Live
fences consist of live vegetation, their primary
purpose is to divide, separate, and protect agri-
cultural plots or livestock. However, they are
also attractive to farmers because they offer fuel
wood, fruits, shade, soil enrichment, and fod-
der for livestock, in addition to promoting bio-
diversity (Zahawi 2005; Alonso et al. 2000;
Bennett 1999; Budowski 1987).

Live fences are thought to contribute to
ecosystem function by increasing landscape
connectivity through vegetative coverage and
enhancing biodiversity by supplying habitat to
wildlife and plants in the landscape. Because
live fences create tree networks and divide open
agricultural fields into smaller units, they allow
for more interactions on the landscape, includ-
ing interactions between forest fragments.
Depending on the species composition and the
intrinsic physical characteristics of the trees,
these fences have the potential to provide
refuge and habitat for wildlife while they move
across the landscape (Harvey et al. 2003).

Bird Composition in Living Fences:
Potential of Living Fences to Connect the Fragmented 

Landscape in Esparza, Costa Rica.

by Wendy Francesconi, MESc  2006
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Site Description

The study took place in Esparza, a cattle
grazing region in Costa Rica located at
9°58’60N and 84°40’0W and at altitudes of
between 400 and 1,000 meters above sea level.
The hilly topography of the area creates riparian
forests at lower elevations. Precipitation is 1,500
to 2,500 mm per year and the mean annual
temperature is 27°C, conditions that place
Esparza’s climate as tropical sub-humid
(Camargo 2003).

As a developing country, Costa Rica
depends on agriculture, including the export of

products such as coffee, pineapples, bananas,
and beef. In recent decades, population growth
and the need for economic expansion has
expanded this industry, resulting in an
increased conversion of unprotected forest
habitats into agricultural lands. In fact, the
export-oriented cattle industry of the 1960s
and 1970s is responsible for most of the coun-
try’s deforestation (Sequeira 1984). Beef pro-
duction is more sustainable today because sil-
vopastoral systems have spread throughout the
country, especially among smallholder farms.

Five farms in the San Carlos and San
Jeronimo districts were selected based on their
live fence network designs and surrounding
habitats. The natural vegetation can be defined
as dry tropical forest, and the region is charac-
terized by an abundance of flora and fauna. In
general, the landscape is rich and colorful, and
the hilltops of these districts provide a view of
the Pacific Ocean. 

Methods

Living fence networks of five silvopastoral
farms were analyzed in this study. Three live
fences at each farm were classified into three
different treatments: living fences connected,

Eumomota superciliosa (turquiose-browed motmot) 
Source: Stiles, G.F. and Skutch A. 2003

Figure 1. Function of Live Fences for the Conservation of Biodiversity in the
Landscape
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intermediate, and distant from secondary forest
patches. Distance from the fences to the forest
patch was 0 m to 125 m, 125 m to 250 m, and
250 m to 375 m, respectively. 

Bird presence was observed in fences and
at a control site in the nearest riparian forest.
Point counts were used to perform the observa-
tions, using modifications based on Santivanez
for live fences (2005). Five consecutive point
counts were performed at each live fence, and
these were located along the transect 25 meters
from each other (Santivanez 2005). A total of
667 individuals of 75 species were observed at
the live fence sites. 

The selected live fences and control site
were visited four times in four weeks during
July and August. This is the rainy season and
migrating birds are absent in the region. Bird
presence was registered at each point count
during 10-minute intervals from 6:00 am to
11:00 am, which are the hours of highest bird
activity (Santivanez 2005). The order of obser-
vations at the sites was altered during the study

to avoid any bias, as bird activity decreases with
increasing temperature. 

Live fence vegetative cover was characterized
based on the methodology used by Lang et al.
(2003). Number of trees within the point count
area was recorded. Live fence and remnant pas-
ture trees were identified and measured for vege-
tative structure and species composition.
Measurements of total tree height, trunk height,
diameter at breast height (dbh), and crown diam-
eter (taken using instruments such as clinometer,
tape measurer, and diameter measuring tape)
were used later to compare the vegetative charac-
teristics of each fence. The dominant tree species
in most fences was Indio Desnudo (Bursera
simaruba), and secondary species include Pochote
(Pachira quinata) and Roble Sabana (Tabebuia
rosea). Other less frequent species were also
found, indicating fence tree diversity. 

Distance of each point count to the ripar-
ian forest was measured using a Geographic
Positioning System (GPS) unit and satellite
images of the farms. The Tropical Agricultural

Satellite image of one of the silvopastoral farms used for the study. The farm, owned by Napoleon Gonzales, is located in the district of
Peñas Blancas in Esparza, Costa Rica.
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Research and Higher Education Center
(CATIE), a collaborator in this project, had pre-
viously manipulatedthe satellite images using
Arc View 3.2 Geographic Information Systems
(GIS) software, to depict living fence networks
on each farm. This made the selection of the
farms and fences easier, as well as the visualiza-
tion of the study’s design.

Conclusions

Based on our finding we can conclude
that living fences promote biodiversity. Living
fences are used by forest, generalist and savan-
na specialist bird species. The presence of birds
in living fences could also be improved. After
comparing the fence characterization variables

Figure 2. Species
composition in living
fences
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against the number of bird individuals and
species, we found that crown diameter, tree diver-
sity, and dbh values are significant variables that
can be manipulated to affect bird species diversi-
ty and abundance. High values for these variables
should result in fences that are more attractive to
birds.

Living fences effectiveness to connect the
fragmented landscape is a dependent factor.
Living fences have the capability to attract forest
species and facilitate the movement of wildlife
across the fragmented landscape, but all living
fences are not equally effective. There is much
variability in the design, structure, and compo-
sition of fences, which makes their evaluation
very difficult. According to our results, for a live
fence to be successful at connecting the frag-
mented landscape, the fence needs to contain
trees with broad crowns, large dbh values, and
of various species. 

Distance to the forest patch affects the

number of species present in living fences. Only
few forest specialist species venture out of the
forest areas and into the agricultural scenery.
The number of forest species present in living
fences decreases as we move away from the for-
est habitat. According to our results, living
fences could potentially counteract the effect of
distance to patches if the fences contain high
values of the significant variables identified. 

Differences in bird observation between
the farms (Figure 2, left column) can be
explained by the variability between silvopas-
toral systems. Besides the differences in struc-
ture and composition of the fences, some other
factors that could lead to variability are the live
fence network design and the number of fences
in a farm. For the purposes of this study, we
only compared the structure and composition
of the selected fence segments, but future stud-
ies should consider the spatial design of the
fences in the pasture.

Table 1. SPSS MANOVA analysis. Multivariate test between tree characteristics
and bird observations. (df= degrees of freedom, F=test statistic)
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Discussion

An important characteristic of living fences
is tree management by farm owners. Since the
main priority in silvopastoral systems is pasture
availability for grazing purposes, trees in living
fences are subjected to pruning. Large crowns
are not a desirable feature in silvopastoral sys-
tems because they limit pasture growth, so prun-
ing is done once or twice per year to improve
pasture growth as well as for fodder, fuel wood,
and stem production for new live fences (for
species with vegetative growth capability). Due
to these reasons farm owners have little incentive
to allow full crowns to develop. In turn this
practice lowers the potential for living fences to
be attractive to generalist or forest specialist
species.

It is recognized that a farmer’s choice to
use living trees instead of dead post for fences
increases landscape connectivity. Better yet,
when the trees in those fences are large and
diverse they provide greater benefits to the
ecosystem and to the farmer. In the same line
of thought, fences that provide greater land-
scape connectivity are better at providing
refuge to a higher number of bird species and
individuals. Based on the results, crown area,
tree diversity, and dbh are significant variables
associated to the bird species composition in
living fences. In addition, living fences could
be effective at connecting the fragmented land-
scape for some forest species to be able to move
across the pasturelands to distant forest patch-
es, but only if those fences contain the tree
characteristics identified as significant. 

Among the environmental services provid-
ed by living fences, landscape connectivity, and
biodiversity conservation are proposed as sec-
ondary services of these agroforestry systems.
This is a true assumption but the contributions
from living fences vary depending on the char-
acteristics of their tree composition. Living
fences are effective at providing habitat to
savanna specialist and generalist species, though

they do no seem very effective providing refuge
to forest species unless the fence is manage to
allow a few trees to develop naturally.

The application of these findings could be
use to modify management techniques of living
fences. Either by altering pruning cycles or by
performing selective pruning, modifications to
the pruning techniques could be done to allow
the best bird hosting trees to continue provid-
ing landscape connectivity which promotes
wildlife conservation. Farmers usually appreci-
ate greater biodiversity in their farms and are
aware of the benefits of birds to disperse seeds
and prey on parasites, so we believe they would
be interested on improving their living fence
managing practices, in order to enhance the
conservation of wildlife.
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Working in the field one day, my assistant
asked me whether I had tried the raw cocoa
fruit, and I answered no. With surprising dex-
terity he grabbed a cocoa fruit and split it open
with his machete. When he realized how much
I liked it, a wide smile came to his lips and he
said, “They like it too.” He was referring to the
elephants of the forest, and the fact that they
had become like kids in a candy store.
However, their newfound treat is indirectly
causing them harm.

Introduction

The forest elephant (Loxodonta cyclotis), a
smaller and less studied species compared to its
savannah counterpart, is an endangered species in
Ghana. They are threatened by the continuous
changes in the land use, the illegal ivory trade
and, more recently, the conflicts with farmers. 

Therefore, gaining insight into this organ-
ism’s behavior and studying the actual state of
its conservation has been an increasing chal-
lenge in recent years. Blanc et al. (2003) report-
ed that 63% of West African populations
include fewer than 100 elephants. Populations
are plummeting because of the animal’s fragile
status and the increasing number of threats it
faces. My research focuses on the possible caus-
es of the human-elephant conflicts and estab-

lishes connections among probable factors that
may affect elephant movement patterns in the
forest. The results could serve as a basis for pol-
icy-oriented alternatives that would mitigate the
current human-elephant conflicts in the area.

Study Site

The Bia Conservation Area (BCA) in
western Ghana (Figure 1) is composed of The
Bia National Park and The Bia Resource
Reserve, which are twin conservation areas with
the same protection status. The park was ini-
tially created in 1935 and recognized as a
Biosphere Reserve by the United Nations
Educational Scientific and Cultural
Organization (UNESCO) in 1984 - it is the
only one of its kind in Ghana. The BCA has
one of the highest oncentrations of forest ele-
phants in Ghana, and also serves as a refuge for
other endangered species such as chimpanzees,
antelopes, leopards, and a variety of plant genus
(Conservation International-Ghana 2002).

The BCA is 305.62 square kilometers of
forest containing the last portions of Guinean
Rainforest in West Africa (The Forest
Commission of Ghana 2006). Rainfall is
bimodal, occurring from March to July and
from September to November, with a long dry
season lasting from December to March. The
average relative humidity is 85% and tempera-
tures fluctuate between 10.2°C and 31.6°C
(Forest Commission of Ghana 2006).

Methodology

To get data about the elephants distribution
along the Bia Conservation Area, an adaptation

Conflicts in the Human-Elephant Border:
Studying the Possible Causes in the Bia Conservation Area in Ghana

Gonzalo Griebenow, MEM 2006
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of the standard line transect method (Buckland
et al. 2001) was employed for counting dung
piles in the BCA (Barnes and Jensen 1987). A
grid consisting of squares, each one-minute of
latitude and longitude, was superimposed on the
map of the study area (Sam and Danquah 2004).
During July and August of 2005, fifty transects
were distributed along the BCA using a stratifi-
cation method – distributing more transects
where elephants are known to be concentrated
and less in the areas where they are sparse – to
reduce the variance of the results.

Each kilometer-long transect was located in
the middle of a selected grid; thus, 30, 15 and 5
transects were distributed in the high, medium
and low-density strata, respectively (Figure 2). 

Positions of dung piles – easily identifiable
because they resembled stacks of balls 9-12 cm
in diameter – were marked on a field data sheet
using a Global Positioning System (GPS), and
the data was later plotted as fixed points on a
map. Findings of dung piles were then associat-
ed with ecological factors that are known to
influence elephant movement patterns, i.e., veg-

etation type, swamps, presence of rivers, fruit-
ing trees, and canopy gaps. In addition, prox-
imity of farms to the reserve was included as a
possible factor influencing the forest elephant. 

The study involved three groups of four
people: two groups were in charge of collecting
data from transects within the BCA and the
third group was responsible for collect data
elsewhere. The group working outside the
reserve interviewed people about primary land
uses in the surrounding area, such as logging,
farming, and cattle ranching. 

Problem Description

In the past, the forest elephants’ range has
shrunk to a quarter of its original size, partly
because the Sukusuku and the Bia Tawya Forest
Reserves, which are near the Bia Conservation
Area, have been illegally and completely trans-
formed to farmlands (Martin 1982). These for-
est reserves were once around the BCA acting as
a buffer zone, but even though they are still on
the official maps, they no longer exist. 

Figure 1. Map of Ghana

The  area studied was the
protected Bia Conservation
Area (BCA), which includes
The Bia National Park and the
adjacent Bia Resource
Reserve.

Source: http://www.siliconhotel.com/images/ghana_map.gif

         



Tropical Resources Bulletin 47

Conflicts in the Human-Elephant Border

Figure 2. Bia Conservation Area showing transect distribution in the various strata 

The proximity of farms to the conserva-
tion area has increased the possibility of clashes
between farmers and elephants. As a result,
farmers have resorted to using various methods
to keep elephants away from their crops such as
playing drums and violins for long hours into
the night. It was curious to see that, while the
farmers play their instruments, elephants seem
to wait hidden in the forest just meters away on
the other side of the reserve’s border. The farm-
ers know that once elephants enter into their
farms they have no power to drive them off
their land. What is more, as soon as the farmers
tire of playing their instruments, elephants steal
into the farms, spoiling the crops. 

Results

Dung pile data collected in the field was
analyzed with Stat View to get a quantitative
understanding of the current factors affecting

movement patterns of forest elephants. The data
collected was correlated with the presence of any
of the ecological factors mentioned in the
methodology that may influence the elephants’
moving patterns. These variables, with the excep-
tion of the presence of rivers, did not show a typ-
ical pattern, whereas raphia swamps and fruiting
species were strong attractors for elephants in
the forest. 

Therefore, I proceeded to correlate the
dung pile data collected with the presence of
cocoa farms in the southern area of the BCA to
possibly link human activities to changes in the
elephant movement patterns. This analysis
showed a better correlation with the fixed points
obtained in the field. The strongest level of cor-
relation found was between the dung piles and
the presence of farms 0.781, then between and
dung piles and the presence of rivers 0.659;
while the rest of correlations values ranged from
0.433 to 0.05. When correlated with dung piles,

Source: Sam and Danquah 2004
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raphia swamps and fruiting species, natural
attractors of forest elephants, showed a value of
0.167 and 0.05 in the correlation matrix.

Discussion

There were a number of human activities
around the southern border of the BCA, such
as logging, ranching, and farming mainly locat-
ed in the south border. Since buffer zones have
been cleared for these purpose, humans and ele-
phants are coexisting in a small area with little
separation, which creates a serious threat to the
species due to increased conflict with humans. 

While I was working in the area, farmers
told me that, at times, they hire a specialized
elephant poacher to “get rid of the problem.”
They secretly divide and consume the meat, sell
the ivory, and bury the body deep in the forest.
These remarks were unexpectedly confirmed by
one of the park rangers on my research team, an
important admission given that it significantly
increases concern for the viability of elephants
in the area. 

This covert activity creates a tremendous
impact on the herd, since poachers typically
take the head of the herd. In matriarchate social
organizations such as that of the forest ele-
phant, the leader is a female. This elephant is
usually the best specimen for reproduction and
is the one that passes the knowledge acquired
through generations to the rest of the herd
(Vidya and Sukuma 2005).

Conclusions

According to the study, elephants are spa-
tially correlated with the presence of farms,
concentrated in the south part of the BCA. Far
from being disturbed by the presence of
humans, forest elephants seem to be attracted
to farms as food sources. Reports of crop raid-
ing by elephants has increased in the vicinity of
national parks in Ghana, particularly at cocoa
farms (Sam and Danquah 2004). 

Thus, there is an urgent need for further
studies to complement the understanding of the
BCA forest elephant conservation status  and
the causes of the human-elephants conflicts.
These studies will serve as a basis for improved
policies adapted to local needs. Studies must be
focused on economic and ecologic zoning, on
the conservation status of the forest elephant,
and on economically viable revenue generators
that do not threaten the species. Hence, solu-
tions must include not only an improvement in
regulations, monitoring, and enforcement but
also an incorporation of a social approach that
provides the farmers with profitable alterna-
tives. Any viable alternative should mitigate the
actual conflicts and serve as a platform for
future changes. 

There are successful experiences in other
protected areas in Ghana that can serve as a
guide to follow. The Kakum National Park is
similar in extent and number of species, but in
contrast to the BCA receives more visitors. This
allows locals to develop proposals for new busi-
ness opportunities like ecotourism and non-tim-
ber forest products, among other alternatives.

Elephant populations in the BCA have
been isolated for a long time and their future
viability will depend on realistic conservation
policy recommendations. The implementation
of these policies in the context of the social and
economic dimensions will also contribute to
population stability and mitigate the human-
elephant conflicts at the border of the Bia
Conservation Area. 
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Introduction

Nicaragua is a country heavily affected by
natural disasters, many of which are linked to
land degradation and anthropogenic pressure
on its natural resources, especially forests. On
the Pacific side of Nicaragua, land transforma-
tion in rural areas is most prevalent where the
expansion of agriculture practices is contribut-
ing to an unprecedented rate of land use
change. Conversion of land from forest to agri-
culture has created both on and off site prob-
lems for rural people living in these watersheds.
One of the most visible problems is soil erosion
(Landa et al. 1997). Deforestation and land
transformation have exposed soils to water ero-
sion, increasing their susceptibility to natural
disasters such as the landslides caused by
Hurricane Mitch in 1998.

Land transformation, deforestation, and
lack of soil conservation practices have made
the Los Maribios volcanic chain one of the
most degraded landscapes in the country;
agribusinesses, subsistence farming, and cattle
ranching have contributed to the increased soil
erosion risk.

This research aimed to develop a tool that
can be used to both model and monitor the
effect of land use on soil erosion potential,
given the physical conditions within the Los

Maribios volcanic chain. The applied model is
based upon the Universal Soil Loss Equation
(USLE) (Wischmeier and Smith 1978) and is
integrated with GIS. 

The objectives for this study were: (1) to
analyze existing rainfall data to generate a soil
erosivity map; (2) to collect and analyze exist-
ing geographic information to develop a soil
erodibility map; (3) to assess land cover and
land use through both field visits (ground
truthing) and satellite imagery analysis, in order
to develop a land cover map; and (4) to analyze
collected and processed information to identify
areas of soil erosion risk.

Study Site

Research took place in four micro water-
sheds: Casitas, Cristo Rey, Las Marias, and Las
Quemadas in the Volcanic Chain of Los
Maribios. Most of the soils of this region are of
volcanic origin and have textures varying from
very sandy to sandy loam, with depths from
superficial to greater than 90 cm (MAGFOR
1971). 

Land use and land cover patterns in this
region are the result of both natural and socio-
economic factors. In general, the top organic
layer of these soils has been eroded, resulting in
low productivity levels (Sharma 1990). Most
families who inhabit the area rely on subsis-
tence agriculture. The lack of available low ele-
vation lands forces subsistence and marginal
farmers to move to higher altitudes on the
slopes of Los Maribios; this, in turn, results in
further soil degradation.

Modeling Soil Erosion Risk in Los Maribos Volcanic
Chain, Nicaragua
by Richard Chávez, MF 2003

Richard Chávez graduated from Yale School of
Forestry and Environmental Studies in 2003.  SInce
then, he has continued to pursue research in.....
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Methods

Data sources
This research integrates the Universal Soil

Loss Equation (USLE) (Wischmeier and Smith
1978) with the Arc Geographic Information
System (GIS) to model soil erosion risk within
the Los Maribios Volcanic Chain. The data used
was obtained from weather stations, vegetation
surveys, and topographic maps. GIS files were
created for each factor of the USLE – precipita-
tion, soil type, landcover, and slope –  and com-
bined by cell-grid modeling procedures in
ArcGIS to predict soil erosion risk. Resolution
was set to 30 meters by 30 meters. 

Digital Elevation Model (DEM)
In many developing countries, spatial

information data is limited or non-existent. It is
therefore necessary to create digital spatial infor-
mation, such as elevation models (DEM), by
digitizing contour lines from topographic maps. 

The DEM for this research was developed
from vector contour lines using a topographic
map scale 1:50,000 with Wise Image Pro5 soft-
ware package. Interpolation of the elevation

points to create the DEM was achieved using
ArcGIS v8.2.; the interpolation method used
was Kriging (Figure 1).

Agriculture in lowlands
and highlands. Cordillera
Los Maribios, Nicaragua.
Photograph by R. Chávez

Figure 1. The Digital Elevation Model
(DEM)

Rainfall
The precipitation surface was obtained by

interpolating average rainfall during a 10-year
period for twelve observation points within the
study area. The interpolation method used was
Kriging (Figure 2). 
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Some of the soil types shown in the soil
classification map (Figure 3) have not yet been
classified using the USDA system. A nonmen-
clature was therefore developed based on their
physical characteristics (Catastro e Inventario de
Recursos Naturales 1971). For instance:

1. Qe (Lands with moderately steep slopes)
includes soils with slopes between 15–30% that
have not been classified in a specific class because
they lack uniformity in their profile. However,
these soils’ type has been characterized based on
deepness, texture, and gravel content. 

2. Qeu (Lands with moderately steep
slopes, very shallow soils, and slopes between
15–30%) are soils that vary in their textural

characteristics, are very permeable, and have
very low organic matter content. The soil pro-
file is not well defined.

3. Qf (Steepest slopes) includes soils with
slopes between 30–75% that have not been for-
mally classified. 

4. Qg are very shallow soils located in very
steep slopes (greater than 75%). 

Land cover
The land cover data used was derived

from satellite imagery (Landsat-7 Thematic
Mapper (TM) image, Path 017 Row 51, July
15th 2001) and classified using a supervised
classification with the ERMapper software
package. First, six different land use types were
defined: (i) agriculture, (ii) open forest, (iii)
closed forest, (iv) grass land, (v) bare soil, and
(vi) volcanic sand. The training regions were
defined using ground truth data collected dur-
ing the summer of 2002 as well as other ground
truth data, such as aerial photo land use classi-
fications (MAGFOR 1999). An aerial photo of
land use was used to assess the accuracy of the
classifications (Figure 4).

Soil
Soil data was digitized from a map with

scale 1:50,000 produced by MAGFOR (1987).

Figure 3. Soil type

Figure 2. Precipitation surface (mean
annual precipitation in mm)

The Model
The four data layers and the subsequent

derivation of the LS-, R-, K-, C-, and P-factors
from these layers were created using the follow-
ing technique (Figure 5):

Figure 4. Land cover
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Slope length and Steepness factor (LS)
Calculating slope length presents the

largest problem when using USLE as a model to
predict soil loss within GIS. Schmidt (2001)
created an extension for Arc-View 3x to calcu-
late the slope length factor. The S factor was
calculated using the DEM and Nearing’s equa-
tion (1997) (Figure 6). 

Cover-management factor (C)
The C-factor models the effect of crop-

ping and management practices on erosion
rates. C factor values were applied to five cover
types identified in the study area. The USLE’s
cover and management factors (C-factors) cor-
responding to each land cover condition were
estimated from the USLE guide tables (Morgan
1995; Wischmeier and Smith 1978). These val-
ues were used to reclassify the land cover map to
obtain the C-factor map of the study area.

Figure 5. GIS procedure for creating coverage
for each USLE factor

)sin1.63.2exp(1

17
5.1

θ−+
+−=S

where θ is the slope angle in degrees. Nearing’s equation (1997)

Figure 6. Slope Length and Steepness fac-
tor (LS)

Soil erodibility factor (K)
The soil erodibility factor (K) is the soil’s

resistance to erosion by water in units of ton
MJ-1mm-1hr. A digital map of ecological
regions developed by MAGFOR (not pub-

lished) was used to identify the soil series in the
study area.

K-factor values were estimated using the
soil-erodibility nomograph (Wischmeier and
Smith 1978). Since soil samples were not
taken, the K values presented in this paper are
estimations based on the physical characteris-
tics of the soils described in the internal 1971
MAGFOR document (Figure 7). 

Figure 7. Soil erodibility ton MJ-1 mm-1 hr

Figure 8. Cover Management Factor
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Rainfall and runoff factor (R)
The rainfall and runoff factor (R) repre-

sents the energy available to erode land in units
of MJ mm ha-1h-1y-1 (Wishmeier and Smith
1978). 

The rainfall erosivity factor was deter-
mined by calculating storm erosivity indices
using data from three weather stations (Leon,
Chinandega, and Posoltega) [INETER 2002]
over a four-year period. The index was calculat-
ed for the winter season only (May to
November). The sum of monthly EI30 is the
annual R-factor (Dissmeyer and Foster 1980;
Renard and Freimund 1993; Yu et al. 2001). 

R = ∑EI30
Where:
R is the Erosivity factor 
EI30 is the Erosion index

Figure 9. Linear relationship between
monthly precipitation and the monthly ero-
sion index 

Results and Discussion

Soil erosion risk was modeled within Los
Maribios volcanic chain, integrating the
Universal Soil Loss Equation (USLE) with GIS.
The quantitative data of predicted soil loss in
each map (LS, R, K, C) was reclassified into
qualitative data to identify areas that are the most
susceptible to soil erosion within the study area. 

The model included only LS, R, K, and C
factors. More research is necessary to character-
ize the effect of contouring and tillage practice
as well as other soil conservation practices need-
ed to develop a P-index. 

Figure 11 shows erosion hazard in the
upper and lower parts of the study area, which
is expressed in five classes, ranging from low
risk to extreme erosion risk. 

Bare soils with clay contents ranging from
moderate to high were estimated to have
extreme to very high erosion. They showed
higher values in slope-length and steepness.
Some areas of lower elevation showed high ero-
sion risk. This is because there is bare soil, high
erosivity values, and high indices of erodibility.
These areas of high risk in lower elevations are
frequently cultivated areas. 

More than 50% of the study area was con-
sidered to be at high to extreme risk of erosion
(Table 1). Most of these lands were situated in
the casitas site and were used extensively for

The regression equation to predict monthly EI30,
given monthly precipitation in millimeters, is:

EI30 = 3.88pp -37.23   R2 = 0.802

Figure 10. Soil Erosivity factor map MJ ha-1

mm h-1 yr-1

Support practice factor (P)
Because no information in regard to the

P-factor is available for this area, a value of 1
was assigned to the model presented in this
study. A P-factor value of 1.00 represents no
land-use influence.
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cultivated agriculture. In contrast, the moder-
ate to low erosion risk areas were generally cov-
ered by grass, shrubs, and open forest.

Table 1. Area and Percentage Erosion
Hazard

The characterization of the erosion risk map
demonstrated the utility of the model as a conser-
vation management tool where the relative com-
parison among land areas is more important than
the absolute soil loss in any single cell.

Conclusions 

This project developed and applied a sim-
ple methodology to predict a qualitative estimate
of soil erosion risk in a format that can be under-
stood and interpreted by any land manager.

This study further demonstrated the com-
patibility of integrating GIS with USLE to pre-
dict soil erosion risk. Although it was not possi-
ble to quantify soil loss in the study area, the
classification of soil erosion risk used in the final
map can help identify where alternative soil
conservation practices would be best applied.

There were limitations in determining the
P-factor when using USLE in this model.
There were limitations in this study due to the
lack of information on the P-factor in the
USLE model. Further research is necessary to
determine the appropriate P-factor for local soil
conservation practices. 
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Introduction

Throughout much of the world, road-
building is viewed as a neutral development
tool favorable for rural farmers due to increased
access to urban markets. The notion that roads
have a uni-directional and beneficial flow from
rural to urban, however, omits other considera-
tions. Recent research indicates that roads have
significant outcomes for rural inhabitants:
bringing economic activities and creating sub-
stantial benefits for those who live on the road-
sides, as compared with those living in inacces-
sible “off-road”regions (Fairhead 1992; Porter
1995; Porter 2002; Wilson 2004).
Transportation services, market access, and
increased mobility may result from living clos-
er to a paved road than from living further
away. Highway construction projects thus rep-
resent international development projects that
have the potential to be powerful transformers,
not only of the physical landscape they traverse,
but of the social landscape. 

This article investigates the social and
environmental implications of a road-building
project in Sub-Saharan Africa, Malawi, along
the recently paved Bakili Muluzi Highway, a
major transportation route for the country’s
eastern corridor. The study of an independent
variable, the road, provides a useful lens with
which to understand current socio-economic

perceptions and trends. These trends are pre-
sented in terms of agricultural livelihoods, for-
est resource use, and increasing health con-
cerns. Social and environmental impacts of the
new highway are assessed based on research
conducted in two Amachinga Yao villages that
border the new highway.1 I argue that varying
perceptions and trends create a complex social
landscape when road-building projects initially
transform the physical landscape of a rural
region. Local perceptions and trends along
recently constructed highways are crucial to
understanding the unintended “side effects” of
development projects (Ferguson 1994). 

Case Study

Malawi’s early communication network
was an intricate series of paths connecting vil-
lages (Baker 1971) and Arab slavers’ tracks
(Perry 1969). After European settlement, these
networks were modified by rail and road-build-
ing initiatives. Beginning in the 1890s,
Malawi’s modern system of roads was built to
connect British administrative centers and mil-
itary outposts within the country with “supply
points” along the Shire River (Baker 1971).
Akin to Roman roads, Malawi’s early roads
were “generally planned as straight as the ter-
rain would allow, seldom following the tradi-
tional paths” (Cole-King 1972: 86).

After Malawi became independent from
the British in 1964, communications with
neighboring countries became critical for trans-
portation and trade development for the land-
locked country. The Nacala rail line, built in
1970 through northern Mozambique, linked
Malawi to the Indian Ocean ports. Today,
Malawi is increasingly reliant on highways over
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railways. The country has a total of 28,400 km
of roads: 5,254 km are paved and 23,146 km
remain unpaved.2 According to a recent article
in Malawi’s national newspaper, The Nation,
“road transport systems in Malawi have become
a central component of economic develop-
ment. By speeding up communications and the
transport of goods and people, the systems have
spawned a revolution in contemporary eco-
nomic and social relations” (Thawani 2005).

The Bakili Muluzi Highway, named for
the former president, was completed in April
2003. This 136 km paved highway parallels the
Mozambique border and serves as a major
transportation network for Malawi’s southeast-
ern region. The new highway bisects the

indigenous miombo woodlands of the
Namizimu Forest Reserve, which at 85,000 ha
is the largest reserve in the Mangochi district
and runs adjacent to many Yao villages.3 The
Bakili Muluzi Highway construction cost was
$58 million, with 85% provided in foreign cur-
rency.4 The new highway is an expansion and
improvement of the old earth road that was
originally built in 1954. 

The Malawian government’s official rea-
sons for building the Bakili Muluzi Highway
were to promote national economic, agricultur-
al and social development, tourism, and transit
between southern African countries.5 The
highway was also built to link with the
Mozambican road that will be constructed

Table 1. Local Perceptions of the Bakili Muluzi Highway. Multiple reasons are listed
in response to the survey question, “How has the paving of the highway made a
change in your life?” Answers are quantified for each respondent per village, with
total percentages

Idusri Village Chowe Village Percentages per 144
responses for 60
interviewees

Reasons 78 (total) 66 (total) 100%

Travels easy/well 28 22 34..7

Feels happiness 14 5 13.2

Cheaper transport available 7 6 9.0

Less car accidents occurring 2 8 6.9

More bicycle accidents 1 10 7.6

More cars come to the area 7 2 6.3

Walking without fear 2 8 6.9

Absence of dust 7 4 8.3

People can start businesses 4 0 2.8

Donors coming to area to help 2 0 1.4

Quality of roads has started to   
deteriorate--potholes present

1 1 1.4

Children will use road in future 2 0 1.4

More visitors come to the area 1 0 0.7
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from Mandimba to Quelimane, providing
Malawi a highway route to the sea. According
to a 1998 feasibility study conducted by
Kuwaiti consultants, the new road will serve
over 700,000 people, or 140,000 subsistence
farming families (Unetec 1998). Local farmers
retain an estimated 80% of their farm produce
and sell the remaining 20%. The new highway
will aid the transport of over 20,000 tons of
food crops and 70,000 tons of tobacco for these
farmers, in addition to aiding the large-scale
tobacco and coffee growing estates (Unetec
1998). Estates in the area produce about
385,000 tons of tobacco, 110,000 tons of
maize, nearly 18,000 tons of rice, and 55,000
tons of various crops like cotton, pulses, and
potatoes (Unetec 1998). To some observers,
the highway was built to benefit these large-
scale estates that cover the eastern corridor of
Malawi, which are reliant upon sound roads to
transport products to market.

Methods

From late May through August 2005, I
lived alongside the Bakili Muluzi Highway to
assess local perceptions and trends along the
new road. Research was conducted in two Yao
villages adjacent to the highway, Idrusi and
Chowe. This consisted of household and ven-
dor surveys, key informant interviews, oral his-
tories of older villagers, and in-depth interviews
with traditional healers. Questions addressed
agricultural livelihood strategies, market access
for both vendors and residents, resource extrac-
tion and forestry management practices for the
Namizimu Forest Reserve, and opinions about
development in the area. Answers reported here
are the general consensuses from these surveys.

Findings

The majority of surveys indicate positive
local perceptions of the highway, though a
complex array of environmental and health

trends are evident. This complexity arises when
roads change the physical landscape of a rural
region and create myriad consequences for the
people who depend upon the road. 

Ninety two percent of all survey respon-
dents feel that the new highway has made a
change in their life. The most oft-cited change
was the ability to travel well (kujenda chenene).
This means that a person now travels with ease
– previous obstacles like muddy or dusty roads
or long waiting times for transportation servic-
es are less prevalent (see Table 1). Other
impacts include increased happiness, cheaper
transportation options, walking without fear of
theft or wild animals, less car accidents, and
more bicycle accidents. Observations indicate
that the new highway is used for walking, bicy-
cling, herding goats and cattle, selling clothes,
sugarcane, and stacks of firewood daily, and for
washing clothes. The new highway makes most
Malawians I spoke with extremely happy. One
traditional healer respondent who lives beside
the new highway noted that since the paving,
“our lives have changed. We are walking happi-
ly” (TH.1).6 She added, “roads are good. They
reduce accidents. The other goodness we are
walking nicely. There is no dust. We do not get
dirty. We are just walking on tar [the paved
road]. You can go to Blantyre to buy things at
a wholesale price, then you come back [home]
to the village happily. You have traveled on a
good road” (TH.1). 

Villagers indicated other outcomes from
the new highway construction. While the num-
ber of car accidents has decreased because of the
road paving, the number of bicycle accidents
has increased due to the increased attainable
speed from riding on asphalt. One Chowe
respondent estimated that there is a bicycle
accident on the new highway every week.
Those who did not feel that the new highway
changed their life state that more things are
needed than new roads to bring changes. “A
person needs more things…in life one needs a
lot of things, not only the road” (I.2). Another
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respondent noted that the road “has not
changed anything because even if I walk on
nice road, I can still be hungry. Rather than
walk on a nice road while hungry, it is better to
not be hungry” (I.4). One Idrusi respondent
noted that people whose houses were damaged
during construction have yet to be reimbursed.

Many in-depth interviews revealed increas-
ing health concerns in the area, from severe suf-
fering (kulaga) to prostitution. Some speculate
that sexually transmitted diseases have increased
due to the rise in transportation and trucking
through the eastern corridor. Bisected by the
highway, the Namizimu Forest Reserve is facing
unchecked environmental impacts: villagers
increasingly are selling firewood to alleviate
hunger. Tobacco estates remain unconstrained
in their demand for firewood and are known to
clear large tracts of the reserve for their flues.

Compared to the certainty of many of the
above-stated perceptions of the new highway,
villagers in Idrusi and Chowe are less certain
about whether the road will impact the
Namizimu Forest Reserve: 52% think the new
highway will not impact the forest, 22% think
the road will impact the forest, and 27% do not
know. Many of those who think it will not
impact the forest feel that the forest guards look
after the forest and that people traveling the new
highway do not go into the forest. Those who
think the road will impact the forest, however,
believe that the cutting and selling of firewood
along the new road to buyers from Mangochi
will create problems for the forest reserve. One
such respondent noted that the “new road is
destroying the natural resources. In the past
[there were] more trees there, now there are less.
More people come to buy because of the road.
People are cutting trees because of the road –
this will impact us. The climate will change,
rains and firewood will be scarce. We will be
suffering. Maybe the rivers will dry” (I.22).

Agrarian livelihoods
The southern region of Malawi holds the

majority of Malawi’s population. At 12.6 mil-
lion people (UN 2005)7 and 117 inhabitants
per square kilometer, Malawi has the densest
population in southern Africa (FAO 2003).
The majority of the population (85%) depends
upon agriculture as their primary source of
income. 

Like many other farmers in Malawi, Yao
subsistence smallholder farmers in both Chowe
and Idrusi villages grow maize, millet,
sorghum, pigeon peas, potatoes, groundnuts,
and cassava for consumption. Tobacco is
grown as an export crop by both smallholder
Yao farmers and by large estates. Fruit trees
provide seasonal fruits for both local consump-
tion and sale: mangoes, citrus, avocadoes,
bananas, and Uapaca kirkiana, known locally as
masuku, dominate the landscape. 

Nearly all respondents noted that access to
markets for selling seasonal vegetables and buy-
ing goods has improved since the paving of the
highway. Ninety-seven percent of survey
respondents feel that the Bakili Muluzi
Highway is affecting local markets. The most
common response was that people are now able
to travel easily to local markets. In addition,
respondents noted that goods and people are
coming from outside areas to sell and that local
vendors now sell more.

Though access has increased, surveys and
interviews revealed that agricultural yields have
not improved over time, and for many, harvests
are failing because of drought and lack of fertil-
izer. During crop failure, kulaga, a state of suf-
fering such as extreme hunger, results and poses
a serious threat to the livelihoods of these small-
holder farmers. In late 2005, it was estimated
that over four million Malawians experienced
massive food shortages and hunger.

Forest resource use
In Malawi, an estimated 94% of energy

demands for fuel and charcoal are supplied by
forests. Yet this is not their only use. A wide
range of resources can be harvested from the
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miombo woodlands to meet both rural and
urban needs, including traditional medicine,
fodder, rope, fruit, and honey. The word for
“medicine” throughout Malawi is the same root
word for “tree” – mtela and chitela, respectively. 

The majority of villagers in both Chowe
and Indusri villagers go at least once a week to
the forest closest to their home to collect fire-
wood and other forest products. Half of all
respondents use one headload of firewood per
week that is two to three meters long and the
other half use two or more headloads per week
of the same size. The majority of surveys indi-
cate a high level of dependence on the forest for
livelihood (75 to 100% of household income is
derived from the forest reserve).

Forest product use differs by gender in
Malawi. Men collect bamboo, thatch grasses,
ilingu or strings, ropes, and small sticks for
house construction. They fell large trees for
sawing into timbers and smaller trees for build-
ing fences and roofs. Men also gather medicines
and palm leaves used for weaving grass sleeping
mats and baskets. Women principally collect
firewood -- 98% of responses from both villages
state this, as well as collect grasses, mushrooms,

mud for smearing houses during construction,
medicines, wild masuku fruits, ilingu strings,
grasses for making brooms, and large rocks for
cooking or bathing room construction. When
asked who uses the most forest resources,
responses were inconsistent -- women and men
were both mentioned, as well as the flue-cured
tobacco estates that use indigenous wood to
cure their harvest, brick makers, and people
who sell firewood. 

It is important to note that Yao villagers
consider forests to be sacred and spiritual places.
When asked the meaning of the local forest
reserve Namizimu (directly translated to mean
“place of the spirits”), responses varied, though
most described variations of spirit presence, dis-
appearances, getting lost, and general fears of
the place. Msolo trees are historical sacred meet-
ing places where gifts are offered to spirits and
people ask for things from these spirits. Visiting
these trees to kupesyaga (worship the spirits) is
no longer a frequent practice in an area where
Yao villages are predominantly Muslim.

Adjacent to the new highway, the
Namizimu Forest Reserve faces encroachment
from local villagers, brick burners, tobacco

Women chatting alongside
Bakili Muluzi Highway,
Idrusi village
Photograph by C. Sim-
monds, 2005
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estates, and harvesters of valuable timber.
Kulaga is the principle reason villagers cut and
sell firewood along the new highway, to earn
cash to buy food staples like maize, tomatoes,
and fish. The paved road helps to lessen kulaga
because it provides ready access to markets,
more frequent transportation, and market
opportunities. Observational and historical
findings show current amounts of wood har-
vested for domestic and commercial purposes
are greater than in the past.

Wood is also harvested to furnace the burn-
ing of bricks – for household construction and
sale. Increasingly tin-roof houses made of burnt
brick face the highway, replacing the traditional
thrown-mud construction of bamboo, pole, and
three layers of termite-resistant soil (nyumba
yophoma). According to one oral history, when
asked to differentiate between the historical and
current collection of forest products, “there is a
difference now. People are cutting down more
trees for burning bricks. More houses as of now
they are made of bricks while in the past they
were building their houses just using poles. That
is the difference now” (OH.4).

Because commercial tobacco farmers
require huge amounts of wood for their flues,

they are known to clear large tracts of this pro-
tected indigenous forest reserve for their tobacco
curing needs, in addition to using trees from
their woodlots. One elderly assistant to the chief
of Chowe village said “because the road is good,
people who have cars and need firewood and
other things from the forest, they are coming
here. They are destroying our trees here. We are
worried about this” (OH.5). Compared with the
past, some villagers note that access to the forest
is changing. “People go frequently – it is shorter
to use the tarmac road to get into the forest.
People sell firewood because of hunger. Twice a
day they go [to collect wood]. This has changed
because the business of selling firewood is good”
(I.20). Another respondent blames the change
on the government’s abuse of the forest
resources. “Now it is different than in the past
because the government destroys resources.
Forest guards cut trees and sell them carelessly. If
they are given money, they will cut trees” (I.22).

Roads and rising health concerns
Throughout sub-Saharan Africa, a region

highly dependent on road transport for trade,
road networks pose a major threat to people’s
health. Studies have found that roads bring

Firewood for sale 
alongside highway, 
near Chowe village
Photograph by 
C. Simmonds, 2005
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economic activities to remote areas, most
notably trade, tourism, businesses, and prosti-
tution (Chirwa 1998; Orubuloye et al. 1993).
A Nigerian study found that 44% of male truck
drivers reported having a sexually transmitted
disease and having, on average, six regular part-
ners in addition to his wife (Orubuloye et al.
1993). In Malawi, where 15% of the adult pop-
ulation suffers from HIV/AIDS and the average
life expectancy is a mere 37 years old, it is cru-
cial to acknowledge how new roads promote
the spread of infectious diseases. 

Traditional sinyanga healers speculate that
diseases, like HIV/AIDS, are currently increas-
ing in the area surrounding Malawi’s Bakili
Muluzi Highway due to the rise in urban-rural
movements and the subsequent rise in prostitu-
tion. One sinyanga noted that “people who are
coming from town, they go in the village and
spread diseases like AIDS” (TH.1). To her,
prostitution is the main contributing factor for
this increase in sexually transmitted diseases.
Overall, sinyangas note a trend that links
increasing STDs to people moving more fre-
quently between towns and villages.
Furthermore, prostitution is increasing because
of a breakdown in communication between
parents and children. According to one sinyan-
ga, “children are not following the advice from
parents that they should walk well” (TH.1).
They should, she means, take care of them-
selves and avoid sleeping with men. 

Most sinyangas reported that sexually
transmitted diseases have increased over time
because of prostitution. Roads themselves are
not viewed as paths for diseases to spread.
Kulaga is the reason that some girls turn to
prostitution. “Some girls, they are poor at their
homes. They do prostitution in order to get
help – in terms of food” (TH.1). Earnings from
prostitution temporarily alleviate the state of
kulaga, providing a means to buy maize and
other domestic supplies. 

What will be the long-term health impacts
of opening this eastern corridor to trucking and

transportation networks by the paving of the
Bakili Muluzi Highway? One respondent feels
that the number of prostitutes is decreasing as
girls “have started listening because more peo-
ple are dying with AIDS” (TH.6). While this
sobering fact may be true, it is clear that the
prevalence of diseases link the new highway to
human health – a high prevalence of STDs
results from prostitution, increasing urban-
rural and rural-urban movements, kulaga, and a
general break-down in communication and
advice-giving between parents and children.
Such shifts in Yao society are indicators of the
road’s impacts on a local community.

Conclusions: Roads and Their
Unintended Side Effects

...roads link the village with the outside world in a
way which is qualitatively different from the links

implied by the flow of goods and people along
local pathways – Fairhead 1992: 21

This research demonstrates the inherent
linkages between agricultural livelihoods, forest
resource use, health concerns, and the paving of a
road in Malawi. Findings indicate that roads are
complex constructions that not only change the
physical landscape they traverse, but also deeply
impact perceptions and trends, or the social land-
scape of a rural region. Local perceptions and
local appropriation of the new highway appear to
be the “unofficial outcomes” of this road building
intervention in Malawi. The increasing spread of
diseases, deforestation, and the rising rates of
accidents are unintended “side effects” of road
building (Ferguson 1994) that need to be
acknowledged by the Malawian government. 

Using the Bakili Muluzi Highway as a case
study, it is necessary to question the process that
brought the road to this place at this time. Why
this route? Why now? For whom or for what
purpose does this road truly serve? Clearly com-
mercial tobacco interests are significant. Mr.
Kumangirana, the Director of Roads, states that
the Bakili Muluzi Highway was designed to
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help transport tobacco because the area sur-
rounding the highway has, “the best soils on
tobacco and agriculture.” For Kumangirana and
the Malawian government, “transport was seen
to be one of the headaches in that area.” The
Bakili Muluzi Highway, in his view, cures that
headache. Roads, often espoused as being neu-
tral constructions, are, in fact, economically and
politically charged state interventions.

For the local villagers, the new highway
symbolizes modernity and development to
those who live beside the paved road. Idrusi and
Chowe villages are now considered more devel-
oped and more like “towns” because of the
paving of the Bakili Muluzi Highway. When
one respondent was asked what change she
expects to see in the area in the future, she said,
“in twenty years time here it will be fine. We
will be like in South Africa. It will be beautiful”
(TH.1). The Bakili Muluzi Highway represents
more than a new transportation artery. For
many, it symbolizes a dirt-free modern link to
the rest of the country. For others, it is a path
where one must take caution and walk well.

The study of a road becomes the lens with
which to view the movements and flows of the
rural populace in Africa. Roads define the linkages
between resource access, livelihoods, and social
relationships. They are powerful change-agents:
“the technology of road transport is such that it
has greater potential for involving more people in
a wider variety of endeavors than any other form
of transport. It therefore has an influence on atti-
tudes and abilities that cannot be captured in any
calculation of net benefits” (Wilson 1966: 201).
The space that roads create is more than mere
pavement. It is farmers walking happily and sell-
ing firewood to passing cars. It is the unpre-
dictable threats of prostitution and accidents. It is
a remedy for transportation planners’ and tobac-
co growers’ headaches. Roads are myriad percep-
tions, trends, outcomes, and expectations. 
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Endnotes
1 The 1.2 million Malawian Yao belong to three main

clans: Amachinga, Amangoche, and Amasaninga.
Research was conducted among the Amachinga
who will be referred to simply as the “Yao”
throughout the article. The Yao ethnic group com-
prises 13% of Malawi’s population and is the pre-
dominant ethnic group in the southern region.
The Yao, like the majority of Malawians, are small-
holder farmers who tend 2-5 acre farm plots with
maize, cassava, and sweet potatoes for household
consumption and tobacco, a major cash crop.

2 http://www.cia.gov/cia/publications/factbook/geos/
mi.html#Trans, viewed 10/25/05.

3 Malawi has a total land area of 9,408,000 ha with
27.2% of the country’s land area in forest cover
(FAO 2003). There are 82 forest reserves through-
out Malawi that are managed by the Forestry
Department. Miombo woodlands comprise 85%
of Malawi’s forests and contain a high diversity of
plant species: 334 species are trees and 8,500
species of higher plants have been recorded with
54% endemic (Frost 1996). 
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4 Foreign investments were provided by BADEA, the
Arab Bank for Economic Development ($27 million
to be repaid in 25 years), the Kuwait Fund ($13 mil-
lion), and OPEC ($13 million). The Malawian gov-
ernment contributed $5.24 million for the project.

5 http://ydmh.foreigntrade.gov.tr/pazar/AFRIKA/Diger/
malawi.htm, viewed 4/30/05.

6 TH.1 is the first traditional healer interviewed, OH is
oral history, and I.2 is Idrusi survey respondent
number 2, etc.

7 http://news.bbc.co.uk/1/hi/world/africa/country_ pro-
files/1068913.stm#facts, viewed 4/15/05.
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Introduction

Water is one of the earth’s most vital
resources and central to everyday life, yet poor
management threatens its finite supply
(UNESCO 2003). In many countries, rivers
serve as the most accessible resource for water
consumption, which highlights the need for
proper watershed management (UNESCO
2003). Without appropriate plans for its sus-
tainable usage, water is at risk of increased
scarcity and decreased quality. Watershed
degradation is of particular concern in Central
America (Johnson and Baltodano 2004).
Specifically, Costa Rica has recently faced
many watershed issues due to a rising popula-
tion growth and an increased demand for clean
drinking water, combined with unsustainable
land use practices (Sanchez-Azofeifa et al. 2002).
While 97.5% of Costa Ricans have access to
water in their households, 40% of the water
provided by municipalities or communities is
not potable (Segura Bonilla et al. 2004).

The government agency Aqueducts and
Sewers (known by its Spanish acronym AyA)
manages water provisions and services in Costa
Rica. Municipality connections, overseen by
AyA, are often implemented in large cities and
towns, which are highly populated areas that
benefit from these connections. However, since
many remote towns in Costa Rica lack the
resources to supply their residents with public
water, I conducted a study in rural communities

in the southwestern region of Costa Rica to assess
household water usage and access to potable
water. As a component of this research, I inter-
viewed rural household members and representa-
tives of several governmental agencies involved in
water provision and legislation within Costa
Rica. In addition, I sampled two local rivers and
their tributaries to evaluate water quality, as peo-
ple often access these for household consump-
tion. This article will specifically address one
aspect of my research: the information revealed
about drinking water through interviews of gov-
ernment agencies and households.

Management of Water Services in
Costa Rica

The administration of water provision in
Costa Rica is conducted through the Water
Department, a subdivision of the National
Meteorological Institute (IMN), which is part
of the Ministry of the Environment and Energy
(MINAE). MINAE, which is similar to the U.S.
Environmental Protection Agency (USEPA),
oversees environmental regulation throughout
the country. Figure 1 illustrates the organiza-
tional structure of water administration in the
country. According to MINAE representatives,
no existing laws address the issue of sustainable
water management in Costa Rica (Alvarado,
pers. comm., June 1, 2005), since Water Law
No. 276 of 1948 only grants MINAE the power
to regulate concessions and water permits. New
legislation that would address water issues and
infrastructure throughout the country, the
Hydrologic Resource Law, is currently under
review by the country’s legislature (Alvarado,
pers. comm., June 1, 2005).

Kristen Welsh is originally from Massachusetts and
holds a degree in Spanish and Environmental
Studies from Tufts University. She worked in the
environmental consulting field prior to attending
F&ES. Kristen is interested in pursuing water-related
work in Latin America in the future.
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AyA functions separate from MINAE to
provide drinking water to the country. Many
municipalities provide water services to resi-
dents by requesting the concession of a water
source from MINAE and then distributing this
water to households (Alvarado, pers. comm.,
June 1, 2005). For those municipalities without
established water services, AyA controls water
provision. Table 1 lists the organizations that
provide water coverage throughout Costa Rica.

In general, rural communities do not have
municipal government systems that can oversee
water provision for households. Historically,
rural households have collected water from
nearby streams and rivers, but AyA recently ini-
tiated a program in 2000 to support rural com-
munities that wanted to institute water provi-
sion in their area (AyA 2005). Communities are
required to organize into community associa-
tion groups called Administrative Associations
for Sewers and Aqueducts (known by their
Spanish acronym ASADAS) to be eligible to
receive AyA support to build and operate their
system. AyA generally supplies tubes, acces-
sories, and engineered designs, while the com-
munities provide the manual labor and con-
struction materials. AyA also trains local leaders
who manage the associations (Arrieta, pers.

comm., May 31, 2005). Although manage-
ment rests largely with community members
who, at times, do not have specialized knowl-
edge of water provision services, the associa-
tions supply water provision. These associa-
tions now provide almost one-fourth of water
provision in the country (see Table 1). 

Study Area

This study focused on rural communities
within the Path of the Tapir Biological
Corridor (PTBC) in the southwestern region

Table 1. Provision of water in Costa
Rica by operator (adapted from Segura et al.
2004)

Figure 1.
Organizational
structure of
water provision
in Costa Rica

Operator Percent 
Coverage

No. of 

Aqueducts

AyA 46.3 170

ASADAS 23.7 1648
Municipalities 16.4 245
Private Operators 6.2 - 
ESPH 4.7 6

Total 97.3 2069

Source: MINEA, IMN, and the Department of Waters. El Recurso Hidrico en Costa Rica. Informational Pamphlet
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of Costa Rica. The non-profit organization,
Association of Friends of Nature of the Central
and South Pacific (ASANA), the collaborator
for this project, has developed programs to pre-
serve natural habitats in the PTBC. The corri-
dor is recognized as part of the Mesoamerican
Biological Corridor, which was established to
link critical habitats from Mexico to Panama to
preserve biodiversity (Miller et al. 2001).
Migration of many people to the area and the
resulting increase in agriculture has caused a
rapid loss of forest cover and the local extinc-
tion of several species (Ewing 2000). To protect
this area of the country, a group of landowners
formed ASANA in 1987 and, subsequently, the
PTBC in 1996 (Ewing 2000).

In the heart of the PTBC lie the Baru and
Guabo Rivers, which stretch for miles before
converging and flowing together for another
two miles until they empty into the Pacific
Ocean near the town of Dominical. This study
focuses on these two rivers and their primary
tributaries, the Barucito River and the Caña
Blanca River. I interviewed a total of 79 resi-
dents of the 15 major communities within these
watersheds. I also interviewed an additional 10
households in two communities outside these
watersheds. Figure 2 is an illustration of the

region where this research was conducted.
These rivers were selected due to their

importance in the region, in addition to environ-
mental concerns associated with them. In partic-
ular, the Guabo River has experienced significant
deforestation compared to the Baru River.
Agriculture has become an important land use in
recent years, and agriculture fields and cattle pop-
ulate the landscape where trees once stood. At the
rivers’ confluence, the Guabo waters taint the rel-
atively clear waters of the Baru with murkiness
and turbidity. Residents in the area expressed
concern about this seemingly dirty water. 

Interviews

At each household, I asked questions that
addressed water usage, water access, water qual-
ity, and potential impacts residents may have on
local rivers, addressing the following topics:

Water Usage: type of personal water use,
level of river water use

Water Access: type of service connection,
access to potable water, water rationing, limita-
tions of current system

Water Quality: aesthetics of household
water, water-related illnesses, perception of
household water quality

Figure 2. Location of the Baru
and Guabo Rivers within the
Path of the Tapir Biological
Corridor in Costa Rica

Source: adapted from ASANA GIS layers

               



Tropical Resources Bulletin 69

Assessing Access to Potable Water in Rural Communities in Costa Rica

Impacts on Rivers: land use practices with-
in watersheds, potential pollution of rivers

River Health: changes in conditions over
the years, perception of river water quality

Results of Household Interviews and
Discussions

Community members proved to be a valu-
able resource in identifying water quality prob-
lems. Interviews revealed that the majority of
these rural residents receive their water by pub-
lic means, either through municipal service or
through local ASADAS, but nearly one in five
people obtain water independently, directly
from streams and rivers. In these households,
the family typically places a tube in the nearest
spring or stream and pipes the water to their
home. For systems built by ASADASs, water is
piped from springs to a holding tank (Figure
3), where it sits for many days to allow sedi-
ment to settle and chlorine to disinfect it.

Most household users, whether they have
public or individual sources, perceive their water
as clean, as 82% confirmed when asked if their
water was potable. Considering that 40% of
Costa Ricans do not have access to potable water,

both in rural and municipal settings (Segura
Bonilla et al. 2004), this number indicates that
residents think their water is safe to drink, even if
it may be of poor quality. The majority of people
– 83% of those interviewed – did not treat their
water, but those who did obtained their water
both publicly and independently. 

I asked each interviewee to rank the quali-
ty of their drinking water. After they spoke
about unpleasant taste or color and bad service
connections, it was surprising how highly peo-
ple rated their drinking water. Approximately
84% ranked it positively (excellent, very good,
or good), 11% ranked it regular, and only 3%
ranked it negatively (bad, very bad, or worst).
Of the 84% that ranked their water positively,
80% had at least one complaint. These numbers
indicate that the majority of residents think
their water is safe to drink, even if it may be of
poor quality. One woman revealed that the
nearest spring where she obtained her family’s
water was located alongside a pasture, but when
asked whether she had concerns about the cattle
that grazed nearby, she responded that the water
was still clean. Minutes later, I met a man who
was informing the neighborhood that this water
source was in fact contaminated. This woman,

Figure 3.  A storage
tank built by one
community’s local
ASADA. Water from
a nearby stream is
piped to this hold-
ing tank where chlo-
rine is used to disin-
fect the water
before it is distrib-
uted to households

Source: Kristen Welsh, 2005
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operation, and maintenance of the system to be
performed by community members who often
lack the appropriate knowledge and expertise.
Through interviews with ASADAS representa-
tives, I discovered that many people in charge of
maintenance and water supply also hold full-
time jobs. Although these individuals receive a
small stipend for the work they perform, the
system may be more effective if operated by
full-time employees. 

Twenty-one percent of families interviewed
access water directly from local streams, and a
small percentage of respondents (6%) with water
connections said they access water directly from
streams when they experience service disruptions.
This illustrates the need to expand connections
in rural communities and prevent lapses in serv-
ices, which would discourage people from taking
water directly from streams. Otherwise, river
water quality needs to be improved or people
need to start treating their water.

In a country with abundant water resources,
a significant number of people are receiving poor
quality water. In this region of Costa Rica, many
households identified poor aesthetics, poor serv-
ice, and family illnesses related to their water sup-
ply. This situation can be improved by giving
AyA the responsibility for providing all house-
holds, both urban and rural, with water services
and by requiring improved water treatment and
more rigorous water quality testing by the
ASADAS, which currently are required to submit
only two water samples a year. 

Finally, community members could be
more proactive, by voicing their concerns to
ASADAS when they experience service prob-
lems, and by otherwise getting involved in their
local association. Such a change would require
public education.
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Introduction

The negative impacts from dam construc-
tion have been discussed for many years. Thayer
Scudder insists “[t]he adverse social impacts of
large dams have been seriously underestimated”
(Scudder 1997a: 63). Large dam projects have
brought enormous criticism from civil society as
well (McCully 2001). Due to this onslaught of
criticism, dam project proponents now have to
(1) recognize and manage the social and envi-
ronmental impacts of construction and (2) legit-
imate dam construction with “appropriate” mit-
igation measures and a monitoring program
which applies a participatory, bottom-up devel-
opment process. Proponents of dam building
are also attempting to create social development
projects that generate “benefits” for the affected
communities, which will counterbalance the
present negative environmental impacts. The
World Bank’s Environmental Assessment (EA)
policy “identifies ways of improving project
selection, siting, planning, design, and imple-
mentation by preventing, minimizing, mitigat-
ing, or compensating for adverse environmental
impacts and enhancing positive impacts” (WB
1999: 1). Development agencies also believe
that adverse impacts can be mitigated and man-
aged throughout project implementation (WB
1999). However, with the development of these
mitigation measures, questions arise as to
whether the negative impacts on local commu-

nities have been truly alleviated. Have commu-
nities received benefits, or have they been nega-
tively impacted by these social development
projects?

In the case of the San Roque Multi-
Purpose Dam Project in the Philippines, miti-
gation measures and social development proj-
ects in the affected communities actually esca-
lated corruption in the communities and creat-
ed conflict among communities and families.
This paper focuses upstream of the San Roque
Dam Project on the indigenous communities
in barangay (village) Dalupirip and barangay
Ampucao (members of the Ibaloi indigenous
tribe) in the Itogon municipality and attempts
to uncover how mitigation measures failed to
achieve their goals and why. Analysis is based
on field research and interviews conducted in
the Philippines and Japan from June to August
2005, documents collected during field
research, and the author’s involvement with
advocacy activities on the San Roque Dam
Project from 1998 to 2004 as a program direc-
tor of an NGO in Japan.

Background

The San Roque Multi-Purpose Dam
Project is located on the Agno River in north-
ern Luzon Island, Philippines. The dam struc-
ture is located in Pangasinan province and its
reservoir and watershed area are located in
Benguet province, southern Cordillera moun-
tain region. The earth and rock-filled dam cre-
ates a 12.8 km2 reservoir area and the dam itself
is 1,100 m long and 200 m high, making it the
12th highest embankment dam in the world. Its
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estimated construction cost is $1.2 billion
(Osmun et al. 2001; IWPDC 2001). The pur-
pose of the project is power generation, irriga-
tion, flood control, and water quality improve-
ment. The dam is a privately-facilitated elec-
tricity project under the Philippine’s National
Power Corporation (NPC), which contracts
with an international consortium, the San
Roque Power Corporation (SRPC), and is
financed by the Japanese Export Credit
Agencies, the Japan Bank for International
Cooperation (JBIC)1 (RWESA et al. 2003).2 

The dam is located at the foot of Cordillera
mountain, home to around 1.2 million indige-
nous people collectively called Igorots, meaning
“mountain people” (Molintas 2004: 4-5). The
Ibaloi people are one group among the Igorots
and are affected by the dam project. One of the
affected indigenous areas, where barangay (vil-
lage) Dalupirip was located, was called the “rice
basket” of this region in the years of World War
II (Afable 1999a). People created villages along
the Agno River, and rice terraces spanned the
whole valley. In addition to farming, people
relied on gold panning, honey gathering, and eel
fishing for subsistence and income. After the
construction of two dams, Ambuclao Dam and
Binga Dam on the Agno River in 1956 and
1960, many of the villages, rice paddies, veg-
etable gardens, and gold panning sites along the

Agno River were lost. This was due to the accu-
mulation of silt along the river bank upstream of
the reservoir, which was mainly caused by moun-
tain erosion and industrial mining. Therefore,
the neighboring indigenous communities lost
major sources of income due to the dam projects.
The Philippine government, however, did not
adequately compensate these people for their
losses (Carino 2000).

In the 1950s, there was a proposal for
another dam on the Agno River. After an appeal
by the indigenous communities, however,
President Magsaysay and a later president, Fidel
Ramos, pledged that the new dam would not be
built in the indigenous communities in Itogon
(Afable 1999a). In the 1970s the Cordillera
indigenous peoples widely rejected a World
Bank-funded series of dams along the Chico
River that would have displaced 90,000 Bantok
and Kalinga people (Molintas 2004: 5).
However, yet another Agno Dam, the San
Roque Dam, was planned just a few kilometers
downriver from Itogon municipality, “in polit-
ically much safer territory” (Afable 1999a).
Local indigenous communities were strongly
against the San Roque Dam and sought the
help of national and international NGOs to
support their opposition to the project
(RWESA et al. 2003). 

Barangay Dalupirip along the
Agno River Photograph by 
I. Matsumoto.
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To persuade civil society and the local
government and then gain political support for
the project, the presidential office of the
Philippines and JBIC required additional social
and environmental standards for the project,
particularly addressing indigenous people’s
issues. Ultimately, the San Roque Dam Project
consisted of comprehensive, participatory miti-
gation measures and social development proj-
ects for the indigenous communities. However,
how did these comprehensive mitigation meas-
ures work in the field? The outcome of land
compensation, the watershed management
project, and the social development projects are
explored further in this paper.

Land compensation
The Philippine government committed to

apply the Indigenous Peoples Rights Act
(IPRA), a newly established law in 1997, to
enforce land compensation for the Ibaloi
indigenous community (NPC et al. 1999).
IPRA is considered a landmark in legislation
for indigenous people, recognizing what
indigenous peoples in the Philippines have long
been fighting for -- the right over their ancestral
domain, social justice and human rights, self-
governance, empowerment, and cultural
integrity (Molintas 2004). Indigenous people’s
lands in Itogon are recognized as “public
domain” since they are located within the gov-
ernmentally designated “watershed area.”
Indigenous people, therefore, do not have any
legal rights to the land they historically lived on
(Prill-Brett 1994). However, to compensate for
the San Roque Dam, the Philippine govern-
ment decided to replace the land titles and then
pay for the taken land by following indigenous
land titles (NPC et al. 1999).

Watershed management project
The watershed management project was

established to obtain Itogon municipality’s
endorsement of the San Roque Dam Project. Its
formal purpose was to reduce erosion on the
mountains. One of the conditions states that “the
NPC and DENR (Department of Environment
and Natural Resource) shall adopt [a] Watershed
Management Plan using a bottom-up approach
starting from the barangay level” (Municipality of
Itogon 1999: 1). The project aims to achieve
community forestry management and consists of
forest protection, biodiversity conservation, land
tenure improvement, soil and water conserva-
tion, livelihood projects (projects to improve
household income such as skill training, livestock
raising, cooperatives), research and development,
and community organization. To address vil-
lagers’ requests, the reforestation project also
includes agroforestry projects to plant fruit trees,
such as mango, coffee, banana, and papaya, in
open areas (IIWMP 2001).

Social development projects
Other major mitigation measures for the

dam project are social development projects in
the affected communities, mainly in the Itogon
municipality. The goal of these projects is to
cover expenses for daily community needs and
to create positive impacts from the dam project.
They were implemented based on requests
from either the Itogon municipality or each
barangay and included projects such as paving
roads between indigenous communities, creat-
ing an electrical grid in Itogon, fixing bridges,
improving small scale irrigation canals,
installing community-owned agricultural
machines, improving school facilities, and sup-
porting teachers’ salaries.

Consequences of Mitigation Measures

At first glance, the San Roque Dam mitiga-
tion measures for indigenous communities were
executed more carefully than other development
projects in the Philippines. Even so, it is impor-
tant to assess how these mitigation measures been
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executed thus far. Despite the elaborate measures,
the projects actually escalated corruption and con-
flict among indigenous communities. 

Land compensation
Among the mitigation measures, the land

compensation plan created the most serious
conflicts and increased corruption among com-
munities and families. Molintas, a lawyer in the
Philippines working on indigenous rights issues,
asserts that “the differences in the concepts of
land ownership and management between the
State and the indigenous peoples in the
Philippines have led to a massive land grab of
indigenous people’s domain” (Molintas 2004:
14). Since the indigenous people’s land certifi-
cation process under the new Indigenous
People’s Rights Act (IPRA) was new to every-
one, extremely complicated, and required many
written documents, people had to hire lawyers
to prepare the documents to obtain land com-
pensation. The Cordillera People’s Alliance, a
regional alliance of indigenous people’s organi-
zations, raised concerns that “the process [of
IPRA] is just as complicated, costly, time-con-
suming and exhausting as those provided for in
earlier law” (CPA and DINTEG 1998: 15).
Molintas states that “many indigenous peoples
are not aware that there is such a thing as land
titling” (Molintas 2004: 14). Thus, in the case
of the San Roque Dam, middle class, well-edu-
cated people who have enough money to hire
lawyers and a basic knowledge about the new
legal system received certificates for indigenous
people’s land title and were compensated quick-
ly for their land. This created serious conflict
among communities. Many middle class people,
regardless of whether they actually owned the
land before, received certificates for land, which
left many people who originally owned land
without property. One villager said “they made
money out of us.”

There are now several legal cases regarding
ownership of indigenous land. However, this is
restricted to a certain number of people; most

can do nothing about losing their land. The
rapid application of IPRA changed and distort-
ed local political power and created more seri-
ous problems in the indigenous communities.

Watershed management project
For many generations, people in southern

Cordillera have raised cattle for a living. This
has led to the burning of hillsides to allow for
new forage to grow (Afable 1999b). Despite
the community-based watershed management
project, reforested mountains are burned two
to three years after reforestation efforts, so
there is no perceivable progress in the reforesta-
tion of the mountains. Thus, the mountains
around Agno River are still bare of trees. In
addition, it is said that some villagers light fires
on the mountains to produce more reforesta-
tion jobs. The JBIC and its consultants found
minimal improvements created from the
watershed management project, which was
attributed to negligible local community
capacity to manage the project (JBIC 2005). 

However, another cause of failure is due to
indigenous people’s skepticism about state con-
trol of their domain and land in the watershed
management projects. From the Binga and
Ambuklao Dams, Ibaloi people already experi-
enced a reforestation project under the dams’
Watershed Reservation Regulations, which led
to the restriction of land use within the water-
shed reservation. The regulations state that “no
person shall be allowed to enter and/or occupy
watershed reservations and make kaingin (swid-
den farming) therein without the prior approval
of the Ministry” (Carino 2000: 24). All water-
shed occupants were also threatened with the
closure of watershed reservations from
“exploitation, occupancy or development”
whenever the Minister deemed it “in the public
interest” (ibid.: 24). Therefore, for indigenous
people, there is no motivation to cooperate in a
process where the state occupies the people’s
domain and land under the name of “watershed
management projects.” 
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will suffer from the long-term effects of the
dam project, such as river siltation. One of the
barangay leaders in Dalupirip who opposes the
dam said, “before several development projects
came into Dalupirip together with the San
Roque Dam, the community was more inde-
pendent from the state government and we had
rigorous autonomy in Dalupirip. We made
decisions by ourselves and people supported
and respected each other. However, after all
these land compensation, watershed manage-
ment project, resettlement project, and social
development projects, Dalupirip are not
Dalupirip like before any more.” An elder of
Dalupirip said “because of the San Roque dam
project, I feel we have more negative impacts
rather than the benefit in Dalupirip, even with
abundant development projects.”

Conclusion

Despite elaborate mitigation measures, the
dam projects actually created conflicts among
communities and families, strengthened gov-
ernment control, escalated corruption in the
communities, and diminished indigenous peo-
ples’ autonomy. Patrick McCully argues that:
“Some mitigation measures can reduce some of

Social development projects
Dozens of social development projects

were created to assuage the communities.
However, villagers told me that municipality
and barangay officials and associates have been
pilfering money from each of the small devel-
opment projects. Some villagers claim that
because of the local government officials’ lack
of honesty, road-paving and bridge-fixing
stopped in the middle of the project.
Corruption within the social development
projects has a large impact on the villagers due
to their marginal income from subsistence
farming and gold panning. The corrupt offi-
cials, suspected of using the laundered project
money, built themselves large, new concrete
houses that villagers called “San Roque hous-
es.” Thus, the relationships among local gov-
ernment officials, their associates, and other
villagers took a turn for the worse. 

Local perception of projects
Most locals believe that mitigation meas-

ures and these “beneficial” projects have a neg-
ative effect on communities. A resident in the
barangay of Dalupirip, mentioned that it is a
shame villagers are content with these short-
term projects, since they and their descendants

Ibaloi Indigenous
people in Daluprip
Photograph by
I. Matsumoto
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Michael Goldman asserts: “The environ-
mental projects are the legitimizing vehicle of
the dam: without a strong public commitment
to environmentally sustainable development,
the World Bank and its counterparts would
encounter robust resistance” (Goldman 2005:
201). The social and environmental mitigation
measures of the San Roque Dam became not
only propaganda from the Philippine govern-
ment, the private sector, and the funding agen-
cies, but also a tool to legitimize the project. In
other words, mitigation measures for the San
Roque Dam became a necessary and adequate
tool for them to secure legitimacy for being
involved in a destructive project and to avoid
accusations from the public. These mitigation
measures are also “facts-on-paper” (Scott 1998:
83) to avoid accusations from the public and
tend not to work on the ground. 

Moreover, the Philippine government, the
private sector, and the funding agencies utilized
mitigation measures to manipulate civil society.
Robert Wade and Michael Goldman strongly
criticize the “greening” and “green neoliberal-
ism”3 of the World Bank (Wade 2002;
Goldman 2005). I argue that “green neoliberal-
ism” is not only a “powerful framework for
intervention” used by the World Bank, but also
by other financial agencies to some extent, such
as bilateral development agencies, Asian
Development Bank, European Development
Bank alike. While funding agencies push “civil
society agendas” of social justice and environ-
mentally sustainable development, they legit-
imize their lending to mega-development proj-
ect and push neoliberal “financial ministry
mandate”4 with economic development. In the
case of the San Roque Dam, one of the biggest
missions of the JBIC is expanding overseas
business opportunities for Japanese companies.
That is nothing less than neoliberal economic
policies of Japan. We need to urge internation-
al and bi-lateral financial agencies to ensure the
civil, political, economic, social, and cultural
rights of local communities on their develop-

the harmful impacts of dams, others may be
worse than useless” (2001: 49). Scudder also
asserts through his study in Canada that,
though there were several social development
programs, “the overall impact has been nega-
tive” (1997b: 641). 

Projects that were supposed to mitigate
negative impacts and bring benefits to the com-
munities led, in fact, to social deterioration. It
is ironic that mitigation measures per se dis-
turbed the dignity and rights of indigenous
people. The application of IPRA for land com-
pensation created serious conflicts among
indigenous communities due to “land-grab-
bing” by “powerful individuals” (UN 2003).
James Scott insists “in dictatorial setting[s]
where there is no effective way to assert anoth-
er reality, fictitious facts-on-paper can often be
made eventually to prevail on the ground”
(1998: 83). Indigenous land certification,
obtained through a pile of legal documents,
thus distorted customary land rights. The
watershed management project has made little
progress in reforesting the southern Cordillera
mountains; however, it has strengthened state
control of the indigenous people’s lands.
Ferguson insists that “development” achieves
bigger political mandates through its “side
effects” (1994). Ibaloi indigenous communities
explicitly unified through “development” proj-
ects and the state strengthened its control over
the southern Cordillera mountain region
through watershed management projects.
Paved roads, sturdy bridges, electric grids, new
agriculture machinery, and more solid school
buildings: these are tempting development
projects for rural villages in the Philippines. 

Indigenous communities tend to keep
quiet about their opposition to mega-
hydropower projects to obtain these social
development projects and try to ignore the
problem that siltation along the river will create
in the future. Moreover, social development
projects accelerated corruption and conflict
among the indigenous communities. 
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ment and challenge them to reform their
neoliberal “financial ministry agenda.”
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Endnotes
1 JBIC established by merger between the Export

Import Bank of Japan and Overseas Economic
Cooperation Fund in 1999.

2 Since the Japanese companies Marubeni Co. and
Kansai Electric are part of this international
consortium, the Japanese government gave
loans to this project through the Export
Import Bank of Japan (JEXIM), currently
named the Japan Bank for International
Cooperation (JBIC) (RWESA et al. 2003).

3 According to Goldman, “Green neoliberalism” is
pushing neoliberal economic mandates
through social development, mitigation meas-
ures, environmental policies, and others. 

4 According to Wade, “financial ministry mandate”
is the economic policy aim to convince the
world of the truth of liberal free-market ideol-
ogy.
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Introduction

During the past two decades, world-wide
attention has been focused on threats to tropical
forests and local communities in developing
countries. As a result, many industrial forest
companies operating in those countries have
been increasingly pressured by non-governmen-
tal organizations (NGOs) to prove that they are
practicing sustainable forest management.

One such company is Asia Pacific
Resources International Holdings Limited
(APRIL), one of Asia’s largest pulp and paper
companies, with primary operations on the
Indonesian island of Sumatra. APRIL is active-
ly promoting its commitments to sustainable
forest management and is engaged in dialogues
with both local and international NGOs.

I spent the summer of 2005 based at
APRIL’s mill site in the Riau Province of
Sumatra, studying the company’s sustainable
forest management practices and community
programs. I conducted interviews with APRIL
staff, NGOs, and local communities and visited
APRIL plantations and community develop-
ment projects. My interest was to explore
whether and how NGO pressures and customer
concerns had influenced APRIL’s commitments
to sustainable forest management.

Background

Indonesia’s tropical forests
Indonesia has some of the most biological-

ly rich forests on earth, providing habitat for
rare species such as the orangutan, the
Sumatran tiger, and the Sumatran elephant
(WWF 2003). But Indonesia’s forests are also
among the most threatened; between 1985 and
1997, the rate of deforestation in Indonesia
doubled, and 20 million hectares of natural for-
est were lost. Experts have predicted that if
these rates continue, intact tropical lowland
forests in most of Indonesia may be completely
lost by 2012 (Holmes 2002). Unsustainable
and illegal logging practices, forest conversion,
forest fires, and human settlement all have con-
tributed to the decline.

Over the past two decades, there has been a
phenomenal rise in plantation forestry in
Indonesia, largely through conversion of natural
forests (Barr 2001). Currently more than 2 mil-
lion hectares across Indonesia are in plantation
forests and 6.2 million hectares are targeted for
plantation development (Nawir et al. 2003).
Many plantations overlap with indigenous land
claims or have had other detrimental impacts on
local communities (Nawir et al. 2003). 

Sustainable forest management and forest certifica-
tion in Indonesia

The term “sustainable forest manage-
ment” (SFM) is commonly used by environ-
mental organizations, governments, and fund-
ing agencies to describe the use of forests in a
way that maintains their ecological, economic,
and social functions, for present and future
generations (UNFF 2005). The term is being
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used increasingly by industrial forest companies
that are trying to market their practices as envi-
ronmentally sound. 

One way companies can prove their com-
mitment to SFM is by pursuing forest certifica-
tion. Forest certification was introduced in the
early 1990s to address concerns about deforesta-
tion, especially in tropical regions (Rametsteiner
and Simula 2003). Forest certification is a “non-
state market-driven governance system”
(Cashore et al. 2004), whereby forest managers
can demonstrate their commitment to SFM
through third-party independent audits. The
most widely used certification criteria have been
developed by the Forest Stewardship Council
(FSC 2004). Currently more than 183 million
hectares of forests are certified around the world
under various systems; however, only two per-
cent of these certified forests are located in the
Asia-Pacific region, which includes Indonesia
(Nussbaum and Simula 2004). 

In 1998, the Indonesian government
established its own national certification pro-
gram known as Lembaga Ekolabel Indonesia
(LEI). Although LEI standards are more gener-
al in some aspects than FSC criteria, there is a
significant overlap in the systems (Meidinger et

al. 2003). In Indonesia, no pulp plantations are
FSC certified (Colchester et al. 2003). FSC will
not certify plantations that were converted from
natural forest areas after 1994 – a fact that infu-
riates many Indonesian Pulp and Paper compa-
nies. LEI is currently evaluating one company
under its plantation certification system. That
company is APRIL.

Asia Pacific Resources International Holdings Limited 
Asia Pacific Resources International

Holdings Limited (APRIL) is one of the largest
pulp and plantation companies in Indonesia.
Headquartered in Singapore, the company’s
primary operations are located in the Riau
Province of Sumatra (Figure 1). In 1995,
APRIL began operating one of the world’s
largest pulp mills, under a subsidiary known as
Riaupulp, with a production capacity of 2 mil-
lion tons per year (Matthew and van Gelder
2002) (Photograph  1). The company began
paper production in 1998, under a subsidiary
known as Riaupaper, and now produces
350,000 tons of paper per year (APRIL 2005a).
Most of APRIL’s pulp and paper is exported to
Asia, but the company is broadening its cus-
tomer base in Europe, Australia, India, and the

Figure 1. Location of APRIL’s primary operations

Source:  APRIL 2004 Sustainability Report
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Middle East (APRIL 2005a).
As of December 2004, APRIL had plant-

ed approximately 230,000 hectares of pulp
plantations in Riau Province, primarily Acacia
mangium (black wattle) on mineral soils and
Acacia crassicarpa (northern wattle) on drained
peatlands. APRIL is expanding its plantation
areas at a rate of 35,000 to 40,000 hectares per
year, with a goal of 420,000 hectares planted in
Riau by 2012 (APRIL staff, pers. comm.).
Currently, one-half of the wood that supplies
APRIL’s mill is plantation Acacia, and the other
one-half consists of mixed hardwoods harvested
from what APRIL describes as secondary or
degraded forest (APRIL 2004). 

Evolution of APRIL’s Sustainable Forest
Management Programs

NGO criticisms and market pressures
Shortly after APRIL initiated its Riau oper-

ations, local and international NGOs began
criticizing the company. In the mid-1990’s, the
World Rainforest Movement published Pulping
the South (Carrere and Lohmann 1996), which
accused APRIL of widespread forest destruction
and human rights violations.  In 2002, the UK-
based Friends of the Earth published a report
entitled, “APRIL Fools: The forest destruction,
social conflict and financial crisis of Asia Pacific
Resources International Holdings Limited”

(Matthew and van Gelder 2002). This report
identified UK paper merchants that were buying
APRIL pulp. Later that year, one of the UK’s
largest paper merchant groups that was targeted
in the report announced that it would no longer
purchase Indonesian paper until sustainable
sourcing and legality could be independently
verified (FOE 2003).

In 2002, World Wide Fund for Nature
(WWF) also brought significant media criticism
to APRIL after the company began building a
road through the Tesso Nilo forest, one of
WWF’s highest conservation priorities. The
Tesso Nilo forest covers almost 200,000
hectares in Riau province, representing the
largest intact rain forest remaining on the island
of Sumatra and one of the most biologically
diverse forests on the earth (WWF 2001).
WWF was able to convince CNN, the media
network, to run several stories about what
WWF described as APRIL’s imminent threats
to one of Sumatra’s best tiger and elephant habi-
tats (CNN 2002) (Photograph 5). In response
to this negative publicity, some of APRIL’s
international customers terminated their con-
tracts; others challenged APRIL to improve its
practices (APRIL staff, pers. comm.). 

APRIL response
On the heels of the CNN stories, APRIL

agreed to a moratorium on cutting in the Tesso

Photograph 1. APRIL’s pulp
and paper mill 
Photograph by L. Kramme
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Nilo forest. In 2003, APRIL and WWF formed
a joint task force with the local government and
the Ministry of Forestry to address illegal log-
ging in the Tesso Nilo area (APRIL 2004).
Since then, APRIL and WWF have met regu-
larly, sometimes clashing, but more often hav-
ing constructive dialogue. APRIL has also
engaged in discussions with other local NGOs
in Riau province, including Jikalahari, a con-
sortium of 28 local NGOs, Hakiki, an environ-
mental and social advocacy group, and Yayasan
Riau Mandiri, which is especially concerned
about the human health impacts of APRIL’s
operations.

APRIL Current “Sustainability
Components” (APRIL 2004)

Wood Supply: APRIL has committed to
source nine million tons of wood from planta-
tions and community fiber farms by 2009,
phasing out its use of mixed hardwoods from
natural forests to meet the production capacity
of its Riau mill (Photograph 2).1

Social Contribution: APRIL states that
100,000 people derive their income from the
company’s operations. The company spends $4
million annually on community empowerment
programs, including agricultural and vocation-
al training (Photograph 3), social infrastucture,
and business loan programs (APRIL 2004). 

Conflict Resolution: APRIL has a detailed
land claims resolution process as part of its
“Code of Best Practices”. The company has
made this system open to independent audits. 

Environmental Responsibility: APRIL sets
aside 20% of its total plantation areas for conser-
vation. The company’s Riau mill and plantations
have achieved ISO 14001 certification.2 APRIL
has an independently audited system to ensure
that Acacia and mixed hardwood species are sep-
arated for processing. The company recently
committed to not harvesting any wood from
“high conservation value forest” areas, as defined
under FSC guidelines, in plantations developed
after January 2005 (APRIL 2005b).

Photograph 2. Harvesting operation on APRIL
plantation  Photograph by L. Kramme

Photograph 3. A
woman tending
Acacia seedlings in
APRIL nursery
Photograph by  L.
Kramme
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Photograph 4. WWF “Elephant Flying
Squad” on patrol Photograph by  L.
Kramme

Certification: APRIL is pursuing LEI cer-
tification of its plantations; the company has
passed the second phase of review, and will
likely become Indonesia’s first pulp plantation
certified under LEI’s Sustainable Forest
Plantation certification system.

Continuing Collaborations

In May 2004, APRIL received a
“Community Empowerment Award” from
President Megawati Sukarnoputri from its
community fiber farm program (APRIL 2004).
In 2004, the company’s community programs
were featured on a UK program entitled “The
Business of Development” (World
Television/UNDP 2004). APRIL’s sales in
Europe and the U.S. have been growing on the
heels of such positive publicity (APRIL staff,
pers. comm.). 

During my summer research, I visited a
local community that is implementing an inte-
grated organic farming system and cattle raising
project with support from APRIL. Villagers I
spoke with confirmed that APRIL’s assistance
has allowed them to pursue farming as an alter-
native and as a more stable livelihood than ille-
gal logging. 

APRIL and WWF are jointly lobbying
the Indonesian government to designate an
additional area of the Tesso Nilo forest as an
elephant conservation area (APRIL 2004). In
one of APRIL’s plantation sectors abutting the
park, APRIL recently allowed WWF to build a
facility on one of APRIL’s plantations to house
its “Elephant Flying Squad” -- trained ele-
phants that WWF uses to discourage wild ele-
phants from leaving the park and raiding com-
munity gardens (WWF staff, pers. comm.)
(Photograph 4).

Continuing Conflicts, Criticisms, and
Challenges

Most international and local NGO repre-
sentatives I interviewed agreed that APRIL has
improved its environmental and social respon-
sibility in recent years, more so than its largest
competitor in the region. However, NGOs
continue to criticize the company in three pri-
mary areas. 

First, NGOs argue that APRIL’s produc-
tion and plantation expansion goals are unsus-
tainable. They accuse APRIL of “greenwash-
ing” its broader destructive forest practices.
They urge APRIL to stop converting natural
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forests, especially peatlands, to plantations.
The APRIL staff I interviewed counter that
their company’s responsible management of
the area, under a legal government permit, is
much better than the alternative, which is to
leave land in the hands of the corrupt govern-
ment, illegal loggers, or unscrupulous compa-
nies (APRIL staff, pers. comm). Based on my
experience in Riau, I agree that government
land protection is woefully lacking and that
APRIL is a better manager than other compa-
nies in the region. However, I share the con-
cern of NGOs that the company’s long-term
production goals for Riau are unsustainable,
especially on peatlands.

Secondly, some NGOs criticize APRIL
for not doing more to combat illegal logging,
saying that although APRIL has improved its
procedures to ensure that trucks entering its
facility have necessary permits, too often those
permits are invalid or the trees are not from
licensed area listed on the permit (Eyes on the
Forest 2005). Based on my interviews and
observations, I believe that APRIL staff and
upper management are committed to limiting
illegal logging and that the company has done
much more to limit it than competing compa-
nies. APRIL staff emphasize that their “mixed

hardwood supply chain control system,” which
ensures that no illegal logs enter the mill sup-
ply, has successfully passed independent audits
with WWF serving as an observer (APRIL
staff, pers. comm.). What seems essential is for
the government to help communities find
alternative income sources and to reduce the
corruption that continues to make illegal log-
ging so prevalent.

Third, some NGOs argue that APRIL
must further improve its community relations
and land claim resolution process. They
described instances where APRIL had neglect-
ed to provide basic infrastructure improve-
ments to some communities despite heavily
impacting them and that significant conflicts
ensued (local NGO staff, pers. comm.). Other
groups urge APRIL to pursue more fiber farm
partnerships with communities to plant
degraded lands (local NGO staff, pers. comm).
However, some local community members
with whom I spoke indicated that they had
benefited significantly from APRIL’s assis-
tance. APRIL staff report that the company
regularly builds schools, mosques, and medical
facilities in neighboring villages, but villagers
are often dissatisfied with the amount of assis-
tance (APRIL staff, pers. comm.). APRIL staff

Photograph 5. The Tesso
Nilo forest is home to the
endangered Sumatran tiger 
Source: Sumatran Tiger 
Conservation Program 
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Endnotes
1 APRIL staff clarify that as a growth-oriented com-

pany, APRIL intends to continue establishing
sustainably managed plantations for other
markets; this may include converting second-
ary natural forests or degraded forest lands,
mostly in Indonesia, to plantations, using
mixed hardwoods within as “bridging raw
material” (APRIL staff, pers. comm).

2 ISO 14001 is a set of standards developed by the
International Standards Organisation. The
standards specify requirements of an environ-
mental management system that companies
can follow to to minimize harmful effects on
the environment. A company that complies
with ISO 14001 can obtain a certificate issued
by an independent auditing body that verifies
such a system is in place. Source: www.iso.org
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Introduction: The Conflict

In the early hours of the morning on July
28, 2005, a continuous stream of trucks began to
arrive in the small city of Huancabamba, carry-
ing peasants by the dozens.  Huancabamba is the
capital of a province by the same name, located
in the northern Peruvian Andes. By noon, when
their numbers were in the hundreds, the peas-
ants held a peaceful demonstration in the town’s
main public square, the Plaza de Armas,
demanding that Majaz Mining Company leave
the northern part of the province, where it had
set up a mining exploration facility. 

Over the next few days, groups of
campesinos1 from different parts of the province
continued to arrive in the Andean city, but their
numbers never reached the climax of the first
day.  As some entered the city, others left to
protest at the mining company campsite. This
ten-hour journey north of entailed a five-hour
truck ride and a five-hour walk.2 A few days
later, three hundred policeman clashed with two
to three thousand peasants at the campsite, leav-
ing two peasants dead and at least 60 wounded. 

More than any other event, the July 2005
uprising brought the public attention to the
growing unrest in local communities across the
country that had been sparked by the presence
of large-scale mining companies. This protest
made headlines on the front pages of the
national newspapers and continued to do so for
several days – a rare achievement for a local

conflict in a remote rural area. At the time this
piece was written, nine months after the event,
the uprising was still, and probably will contin-
ue to be, a matter of public debate. 

For that very reason, the final outcome of
the Huancabamba conflict has the potential to
influence decisively the way in which mining
companies interact with local communities
across Peru. Given the strong environmental
impacts that mining operations usually have,
this, in turn, will have a major impact on the
conservation of unprotected wildlands across
the country. The sheer value of the land that is
currently at stake, a stretch of land that lies
across a portion of the Huancabamba Mountain
Range is, by itself, enough to call the attention
of the international conservation community to
the final outcome of this ongoing conflict.

The Lands at Stake

The mining camp at the center of the
peasant conflict is located in a remote corner of
the Huancabamba Mountain Range (HMR),
or Cordillera de Huancabamba, the name that
local Peruvian residents near the Ecuadorian
border give to the western branch of the Andes. 

Traditionally, the low-lying and drier
parts of the HMR has sustained large peasant
populations. Within this landscape lies the city
of Huancabamba, one of the earliest cities
founded during the Spanish conquest. For cen-
turies it has been a major commercial hub con-
necting the inner jungles on the east to the
coastal plains on the west. In contrast, the
much more humid higher regions of the moun-
tain range, especially the northern part of the
range, has been relatively free of human pres-
ence until recently. Despite the encroachment
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by peasants in search of lands for pasture and
crops, about 20,000 to 30,000 hectares of
unfragmented montane forest and ungrazed
alpine shrubby grasslands still remain, though
the peasants hold the rights to this land. It is in
the heart of these remaining natural ecosystems
that the mining campsite is located.

But the real significance of this land from
a conservation point of view goes well beyond
the fact of it being the last wild space in the
HMR. These forests and grasslands are located
within two ecoregions – Cordillera Central
Paramo and Cordillera Oriental Montane
Forests –  both are of top conservation priority
in Latin America (Dinerstein et al. 1995). The
HMR paramos3 are among the least grazed and
least altered by human presence across its entire
range, from Venezuela to northern Peru. The
quality of these forests is evidenced by the fact
that Cerro Chinguela, a mountain relatively

close to Huancabamba city, has been identified
by Birdlife International as the second most
important ‘key area’ for endangered endemic
birds in Peru (Wege and Long 1995).

The HMR also holds a viable population
of one of the most endangered South American
mammals, the Andean tapir (Tapirus pin-
chaque) (Downer 1997). Moreover, it serves as
a vital natural corridor for this and other wide-
ranging species, such as the spectacled bear 
(Tremarctos ornatus), which live within a string
of protected areas on both sides of the border –
Tabaconas Namballe National Sanctuary in
Peru and Colambo Yacurí Protective Forest
and Podocarpus National Park in Ecuador.
Neither of these individual areas is large
enough by itself to support viable populations
of these species. The preservation of the HMR
corridor is thus crucial to their survival
(Fundación Pro Naturaleza 2004).

Figure 1. Opportunity in the Land of Conflict: Mining and Peasants in
Huancabamba, Northern Peru

The Huancabamba region lies in the middle of a string of protected areas at both sides of the Peruvian-
Ecuadorian border. In the map, protected areas appear in dark grey, while the Huancabamba region
appears in light grey and crossed by diagonal lines at the center of the "string". The map illustrates a pro-
posed binational biological corridor. It is part of an effort to promote conservation in the area, in which the
author of the article took part before coming to Yale.  Source: Fundación Pro Naturaleza.
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The Legal Process: A Formula for Conflict

According to Peruvian law, the ground
beneath the earth’s surface is public property.4
On behalf of the nation, the government can
legally sell the exploitation rights of whatever
resources are below the surface of the earth,
regardless of what the owner of the land surface
wants.5 The only exceptions are urban spaces. 

The Peruvian legal framework dictates
that every mining company operating in the
country try to reach an agreement with the
landowner.6 However, in the case where an
agreement is not reached, the mining company
can get an easement directly from the national
government, specifically, the Ministry of
Energy and Mining, or MEM, to access the
underground resources. An environmental
impact assessment (EIA) is also mandatory by
law, but companies are required to present
them only after completing the exploration
phase. Thus, the official process to obtain a

mining concession in Peru is basically a trans-
action between the MEM and the mining
companies. No other groups or individuals are
invited in the decision-making process. In
other words, consultation with the actual own-
ers of the land is not required.

The Owners of the Ground and the
“Underground”

The mining company in the
Huancabamba case is Majaz Mining
Company, owned by Monterrico Metals, a
small British company that operates only in
Peru. In June 2003, Majaz obtained from the
Peruvian government a mining concession for
over 6,473 hectares on the northern end of the
HMR. The mining project, called “Rio
Blanco”, is currently in its exploratory phase
and, according to the company’s website, aims
to exploit about 200 million tons of copper ore
through three open pit mines.

Peasant communities are in dark grey. The slightly lighter grey  areas represent clusters of
small private properties. Source: Fundacion Pro Naturaleza

Figure 2. Land ownership in the Huancabamba Mountain
Range 
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Eighty percent of this concession land falls
within the boundaries of the Segunda y Cajas
peasant community, which spans 50,000
hectares, while 20% falls within the boundaries
of the Yanta peasant community. In Peru, peas-
ant communities are legally recognized social
institutions, governed by legally established
rules of collective and individual access to  land.
Because of the collective nature of ownership,
they are differentiated from other forms of pri-
vate property. As most of the communities in
the region, Yanta and Segunda y Cajas were
born out of the Agrarian Reform process thirty
years ago. This law divided and distributed
land previously owned by hacendados, or pri-
vate plantation owners, among peasants who
worked on the plantation. 

The Permit Process, That is the Conflict

After obtaining the concession, Majaz
gained permission from the Segunda y Cajas
authorities to explore their land for minerals
with little trouble. Although some comuneros7
make their living from mining in small opera-
tions along rivers, there is no large-scale mining
tradition in the region. People have vague ideas
about the potential harmful environmental
consequences of mining, but they also know
that a mine’s presence brings money and jobs
for the region. Community authorities
acknowledge they signed permission forms
allowing mining exploration, however, they
contend that they did not know the extent and
details of the project because of their lack of
ability to understand the forms and the project,
implying that the mining company had taken
advantage of them. However, it is likely that
they did, in fact, know what they were doing,
and signed the forms because they had expecta-
tions of the positive outcomes of the mining
company’s presence. It is also likely that the
remote location of the mining camp, and the
absence of agricultural lands there, helped to
appease the community authorities.

The July 2005 conflict, in fact, started
somewhere else. Near the end of 2003, city
dwellers from Huancabamba discovered that
another concession of about the same size had
been given in the region, but this time it was
not over remote forests, but over agricultural
lands very close to the city. This resulted in a
strong reaction from both peasants and local
urbanites, who went on to protest at massive
gatherings and demand that mining explo-
rations be stopped. The company, Newmont
Mining Corporation, decided not to oppose
the people’s will and left quickly.

This incident had apparently helped
change the perception that the comuneros from
Segunda y Cajas had towards Majaz. The
comuneros were inspired by its outcome; as own-
ers of the land, they had participated in the
demonstration against Newmont. The commu-
nity’s authorities official version of the origin of
the conflict, as explained to me by the vice-pres-
ident of the community, was that the problem
with Majaz began when the comuneros working
for Majaz in the exploration complained about
mistreatment. Reports confirm that the follow-
ing year, in May 2004, a group of two to three
hundred peasants from the community attacked
the campsite of the company. 

From that point on the peasant-mining
conflict began receiving attention at the region-
al scale.8 Newspapers in Piura, the region’s cap-
ital, some two or three hundred kilometers to
the west in the coastal plains, began writing
about it. In previous years, a dramatic con-
frontation between another mining company
and commercial farmers had taken place in one
of the coastal plain towns, Tambogrande. This
conflict was won by the farmers and had
resounded tremendously at the national level.
These same farmers joined to protest the mining
operations in the HMR, arguing that it would
affect them directly by contaminating the waters
upon which they depend to grow their prized
vegetables for exportation. The upstream poor
peasants had gained their first influential allies.
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The Huancabamba Mountain Range
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But the mining company immediately
used the media to accuse protesters of being
manipulated by the illegal narcotics trafficking
network. Although this may seem like a hollow
argument from the miners to belittle the peas-
ants, the fact remains that the HMR is a little
known, but very central route, by which opium
latex travels from adjacent southern regions to
Ecuador. According to the point of view pro-
jected by the mining company, peasants would
be interested in ending mining development as
a way to defend a livelihood that depends to a
certain degree on selling the latex from poppy
plants to traffickers.

The public, which paid much attention to
the conflict, has generally supported the peas-
ants’ “conservationist” reasons, as shown by a
survey conducted by the Universidad de Lima
in August. This was facilitated by a public per-
ception that mining harms the environment.
In addition, the fact that the Catholic Church
became an ally of the peasants ultimately
played in favor of the latter, making their posi-
tion more credible in the eyes of urbanites.

Conclusions

          

The mining-peasant conflict in the
Huancabamba mountain range is far from
over, but its impact has been enormous. News
of the conflict has reached the front pages of
national newspapers and put the relationship
between mining, the environment, and local
communities on Peru’s national agenda. The
mining sector in Peru has perceived this con-
flict as a decisive one. They have defended
Majaz’s position and are now trying to show
that they have changed, claiming that they are
environmentally responsible.

The fate of these lands is very uncertain.
On the one hand the Peruvian mining sector
perceives there is much at stake and given their
considerable economic and political power, the
probability that a mining operation will finally
develop in the HMR are high. On the other

The Catholic Church, represented by its region-
al authority, Monseñor Daniel Turley, also gave
public support to the communities.

Despite these efforts, the company con-
tinued its operations and tensions mounted.
Leaders from Tambogrande began having fre-
quent contact with the leaders of Segunda y
Cajas, Yanta, and other surrounding communi-
ties. This was very much facilitated by the fact
that rondas are well-established across the
region. Rondas are armies of vigilant peasants
that communities create to defend themselves
from threats such as cattle thieves. One of the
legacies of the rondas system is the vast social
and political network that unifies communities
throughout the region (Diez 1998). The coor-
dination among communities is a fundamental
principle: in order to stop the theft of cattle in
the community, control over the territory of
neighboring communities must be secured. 

This regional network was clearly at work
last July when about 2,000 to 3,000 peasants
from places as far as 100 km away made their way
to the mining exploration campsite and attacked
it. What was not so clear were their motivations.
The discourse that the ronderos’ leaders gave in
the Plaza de Armas de Huancabamba were filled
with arguments that had to do with the conser-
vation of their forests and the rivers that originat-
ed there. The phrase “sustainable development”
was mentioned several times.
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hand, peasant communities also have a strong
position, backed by the sympathy of public opin-
ion and the support of the Catholic Church and,
perhaps in the future, of conservationist groups. 

Whatever the final output of this dramatic
process, the conservation of the forests and
paramos of the HMR will be a political issue
that the winner of the war will surely watch
closely. To a certain degree, they will be obliged
to conserve natural ecosystems as much as they
can, whatever the outcome. This may, ultimate-
ly, result in the loss of what the winner has won,
whether it is the company’s right to exploit the
minerals or the communities’ right to continue
to live as they have until now. In fact, both sides
have begun saying, in private and outspokenly,
that they will take concrete measures to conserve
the ecosystem of the mountain region, by estab-
lishing private reserves.

Beyond this, the most precious legacy of
this conflict is the opportunity that has been
opened for reframing the legal process for
obtaining mining concessions in Peru. This is a
unique moment for conservationists to take
advantage of and try to make a change that will
have a long-lasting impact on the environment
of Peru, a country where living and mineral
treasures go hand in hand.

ENDNOTES
1 Campesinos – Spanish word for ‘peasants’.
2 As part of my summer research trip I person-

ally witnessed the scenes in Huancabamba
described here. Having been given a tip
from a campesino leader, I watched on the
sidelines the events in Huancabamba
unfolded before me.

3 Paramos – the Spanish word for alpine shrubby
grasslands that grow in the high altitude
regions of the  Andes mountains, from north-
ern Peru to Venezuela.

4 Peruvian Constitution, article 66; Peruvian Civil
Code, article 954.

5 Peruvian Constitution, General Mining Law, article 2.

6 Peruvian Constitution, Law of Lands and Peasant
Communities, article 7.

7 Comunero – Spanish word for a member of a peas-
ant or indigenous community.

8 A region is the political unit equivalent to a state in
the U.S. It is divided into provinces. There are
7 provinces in the Piura region.
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Once again TRI Fellows have an exciting line up of research projects around the world. TRI
Endowed Fellowships are designed to support Master’s and Doctoral students interested in con-
ducting independent research in tropical countries. This year twenty-two students received TRI
Fellowships for summer research. The 2006 recipients and the countries where they plan to con-
duct research are: 

Heather Arrowood, Tanzania
Erin Barnes, Brazil
Catherine Bensen, Papua New Guinea
Scott Berendt, Mali
Tracy Botero, Costa Rica
Brent Frey, Nepal
Monisha Gangopadhyay, India
Rachelle Gould, Nepal
Laura Jensen, Costa Rica
Ruoting Jiang, China
James Leslie, Peru and Mozambique
Jennifer Lewis, Brazil
Mira Manickam, Thailand
Christopher McManus, South Africa
Kate Neville, Phillipines
Elizabeth Pickett, Hawaii
Camille Rebelo, Papua New Guinea
Alvaro Redondo-Brenes, Costa Rica
Laura Robertson, Sulewesi
Krishna Roka, Nepal
Colleen Sullivan, Ecuador
Brandon Whitney, Ecuador

The World Agroforestry Centre (ICRAF), for the fifth year will sponsor a Master’s student
interested in pursuing research on the interface of agroforestry and conservation. This year’s
recipit of this award is Kerry Dooley, who will perform an integrated assessment of local uses for
Guira senegalensis.

The Compton Foundation’s Program aims to contribute to the capacity-building of young
professionals from Central America and Sub-Saharan Africa, to improve policies and program
relating to peace, population, sustainable development and the environment. This year’s recipi-
ents and their home countries are: 

Melofy Ocloo from Ghana
Yves Paiz Merinio from Argentina

Announcing the 2006-2007 Fellows

                                                              


