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Abstract  Over the past two decades, various organizations have promoted cacao 
agroforestry systems as a tool for biodiversity conservation in the Bribri-Cabécar 
indigenous territories of Talamanca, Costa Rica. Despite these efforts, cacao production is 
declining and is being replaced by less diverse systems that have lower biodiversity value. 
Understanding the factors that influence household land use is essential in order to promote 
cacao agroforestry systems as a viable livelihood strategy. We incorporate elements of 
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livelihoods analyses and socioeconomic data to examine cacao agroforestry systems as a 
livelihood strategy compared with other crops in Talamanca. Several factors help to explain 
the abandonment of cacao agroforestry systems and their conversion to other land uses. 
These factors include shocks and trends beyond the control of households such as crop 
disease and population growth and concentration, as well as structures and processes such as 
the shift from a subsistence to a cash-based economy, relative prices of cacao and other cash 
crops, and the availability of market and government support for agriculture. We argue that 
a livelihoods approach provides a useful framework to examine the decline of cacao 
agroforestry systems and generates insights on how to stem the rate of their conversion to 
less diverse land uses. 

Keywords  Banana - Cocoa - Bribri - Cabécar - Indigenous peoples - Institutional 
support - Land use decisions - Meso-American Biological Corridor -  Musa 
 - Monoculture - Organic agriculture - Plantain -  Theobroma cacao 

Introduction
Land use change, including the expansion of intensive agriculture, is one of the most cited 
explanations for biodiversity loss worldwide (Sala et al. 2000). Rates of forest conversion 
have been especially rapid in the American tropics, where estimates of net deforestation 
range from 22,000 to 44,000 km2 per year (Wright and Muller-Landau 2006). In response, 
researchers in conservation biology seek to promote less intensive agriculture such as 
multistrata agroforestry systems that provide farmers with income while protecting 
biodiversity (McNeely and Scherr 2003; Schroth et al. 2004). Cacao (Theobroma cacao) 
agroforestry systems demonstrate great potential to fulfill these goals due to their ability to 
maintain avian, mammalian, and other forms of biodiversity amidst the increasing 
international demand for cocoa beans and chocolate-based products (Rice and Greenberg 
2000). Multistrata cacao agroforestry systems that include timber, fruit, and native forest 
species contribute to biodiversity conservation by providing habitat for species, enhancing 
landscape connectivity, and reducing edge effects between forest and agricultural land 
(Johns 1999; Guiracocha et al. 2001; Reitsma et al. 2001; Harvey et al. 2006). These 
systems can also benefit farming households. The shade provided by agroforestry systems 
can help preserve soil temperature and moisture regimes that improve nutrient cycling and 
can increase nutrient-use efficiency of the system (Young 1997). Fruit and timber species 
can provide alternative and supplemental sources of income to households and buffer them 
for greater economic security in times of low prices (Rice and Greenberg 2000). 
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Given their potential benefits to both biodiversity and farming households, cacao 
agroforestry systems have been promoted as an alternative to more intensive land uses. 
However, the continued presence of cacao agroforestry systems depends upon land use 
decisions at the household level. Since smallholder production accounts for between 70 and 
90% of world cacao production (CABI 2001), understanding the factors influencing farmer 
decisions is crucial if cacao agroforestry systems are to be successfully promoted. While the 
importance of including socioeconomic factors in agroforestry research is increasingly 
recognized (Schroth et al. 2004; Shapiro and Rosenquist 2004; Montambault and 
Alavalapati 2005), agroforestry research in general has focused more on biophysical aspects 
of agroforestry systems than socioeconomic factors (Mercer and Miller 1998; Nair 1998). 
Similarly, research on the conservation value of cacao agroforestry systems has focused 
primarily on their contribution to on-farm and landscape-level biodiversity, although wider 
perspectives exist on this issue (see Schroth et al. 2004). 

We employ components of a livelihoods approach in order to identify socioeconomic 
factors affecting cacao agroforestry systems. A livelihood consists of a household’s 
capabilities, assets, and activities required for a means to a living (Chambers and Conway 
1991; Carney et al. 1999). Originally developed in the 1980s in the context of Farming 
Systems Research and Education, the framework for a livelihoods approach arose as an 
effort to develop more effective poverty reduction strategies by including household 
decision-making and constraints on farming households within analyses (Carney 1998). 
This approach has also been used to link conservation and rural development (Boyd et al. 
1999; Hulme and Muphree 2001), as it provides a methodology for examining the 
economic, social, and institutional factors that influence household land use. Livelihoods 
analyses include the vulnerability context of the household, household assets described as 
five types of capital, and the structures and processes that mediate household livelihood 
strategies (Department for International Development 2003). In this paper, we will focus on 
two aspects of the livelihoods approach: the vulnerability context, which consists of trends 
and shocks that are largely outside the immediate control of households, and structures and 
processes, which include socioeconomic and institutional factors that are both endogenous 
and exogenous to the social world in which households participate (Ellis 2000; Department 
for International Development 2003). 

Talamanca case study

We present the Bribri and Cabécar indigenous territories of Talamanca, Costa Rica as a case 
study of an area in which cacao agroforestry systems have declined since the late 1970s 
despite numerous interventions (Acuña 2002) and in which the inclusion of livelihoods 
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analyses in conservation projects could help mitigate the conversion of land to less diverse, 
more intensive agricultural systems such as monoculture plantain (Musa AAB). Cacao 
grown in Talamanca is sold only to organic markets and is produced without agrochemical 
inputs. Comparisons of land uses in the territories have found higher mammal and beetle 
species richness in cacao and banana (Musa spp.) agroforestry systems than in monoculture 
plantain (Harvey et al. 2006) and avian species richness in both managed and abandoned 
cacao farms that is slightly higher than that of forest (Reitsma et al. 2001). The greater 
diversity found in cacao agroforestry systems can approximate the structural and floristic 
complexity of the previous forest (Somarriba and Harvey 2003; Suatunce et al. 2003). The 
position of cacao agroforestry systems within the larger agricultural matrix of Talamanca 
may also contribute to biodiversity conservation (Harvey et al. 2006), since cacao 
agroforestry systems can serve as a buffer zone between monoculture agriculture and 
protected areas (Gamez and Ugalde 1988). 

In contrast to cacao, plantain in Talamanca is grown primarily in monoculture with very few 
shade or fruit trees and with application of agrochemicals in varying amounts and 
frequencies (Polidoro and Dahlquist unpublished data). The effects of these agricultural 
practices on on-farm biodiversity include reduced habitat quality and connectivity, 
increased fragmentation and deforestation, and species loss due to toxic agrochemical use 
(Henriques et al. 1997; The Nature Conservancy 2005). Agrochemicals can also negatively 
affect biodiversity in off-farm areas through movement to and pollution of nearby aquatic 
and coastal resources (Castillo et al. 1997; Castillo et al. 2000; Lowrance et al. 2001). In 
Talamanca, monoculture plantain is grown on floodplain soils, where previous research has 
linked the loss of native riparian vegetation to decreased aquatic habitat and water quality 
(Pringle et al. 2000), as well as increased flooding events, soil erosion, and landscape 
instability (Sanchez-Azofeifa et al. 2002; Thoms 2003). Given the negative consequences of 
monoculture systems for biodiversity in Talamanca, researchers and conservation planners 
continue to promote cacao agroforestry systems for their conservation value. However, 
conversion of land to less diverse systems continues in areas where plantain can be 
cultivated. 

Recognizing the factors that encourage the spread of less diverse agricultural systems and 
the corresponding decrease of more diverse systems, such as cacao agroforestry systems, 
can benefit conservation efforts. The objectives of this study are to: (1) examine factors 
influencing the presence of cacao agroforestry systems in the landscape of Talamanca 
within a livelihoods framework, and (2) identify strategies to mitigate abandonment of 
cacao agroforestry systems in Talamanca, with potential applications for other regions 
where cacao is grown. We use a combination of methods including compilation of 
economic and production data, review of gray literature produced in Talamanca, interviews 
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with local stakeholders, and triangulation to assess these factors and their implications for 
conservation. 

Site description
Indigenous territories

The Bribri and Cabécar indigenous territories of Costa Rica are located in southeastern 
Costa Rica in the canton of Talamanca within the Meso-American Biological Corridor, 
which comprises the largest remaining tract of contiguous forest in Central America 
(Palminteri et al. 1999). The landscape within the territories includes the floodplain of the 
Talamanca Valley, surrounded by undulating foothills that give way to the high montane 
regions of the Talamanca mountain range. The Atlantic slopes of the Talamanca range 
encompass both humid tropical forest and premontane wet forest life zones (Holdridge 
1967). Annual precipitation increases with altitude from approximately 2,600 mm of rain at 
40 masl to 6,400 mm at 1,000 m asl (Borge and Castillo 1997). Within the Talamanca 
region, the Bribri and Cabécar indigenous territories are considered extremely valuable for 
biodiversity conservation, as they are surrounded by several national and international 
protected areas (Palminteri et al. 1999). 

The Bribri and Cabécar indigenous territories support a population of about 10,000 
inhabitants (Municipality of Talamanca 2003) and contain 43,690 ha and 22,729 ha, 
respectively (Borge and Castillo 1997). Talamanca is the poorest canton in Costa Rica, with 
more than a third of the population unemployed or under-employed and the highest 
concentration of poverty occurring within the indigenous territories (Municipality of 
Talamanca 2003). Indigenous peoples have been historically marginalized in Costa Rica, 
and the territories have limited access to health care, education, infrastructure, and road 
access (Gómez Valenzuela 2001). The major sources of income in the territories are 
plantain, organic banana, organic cacao, and wage labor. Currently, the Talamanca region is 
responsible for 95% of Costa Rican cacao production, 52% of plantain production, and 90% 
of organic banana production (Municipality of Talamanca 2003). Cacao in Talamanca long 
predates the Spanish colonial presence, and the Bribri and Cabécar used it historically for a 
ceremonial drink (Villalobos and Borge 1998; Somarriba and Beer 1999). The cacao tree 
figures prominently in Bribri and Cabécar narratives of origin (Murillo and Segura 2003), 
and some within the indigenous population still consider cacao sacred. 
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Landscape attributes

Topographical and geomorphological variations contribute to distinct land use patterns in 
the landscape of the indigenous territories. An estimated 17,000 ha of agricultural land 
exists within the territories, 60% of which is located within the Talamanca Valley (Borge 
and Castillo 1997). The valley contains highly variable, fertile soils that have high base 
status and organic matter content, classified as Entisols (Polidoro et al. in press). In contrast, 
the foothills are a mosaic of acidic, low-fertility soils with high clay content, classified as 
Ultisols, intermixed with less acidic, slightly more fertile soils, classified as Inceptisols 
(Winowiecki unpublished data). Although cacao natively grows on floodplain soils in the 
Amazon basin and was cultivated in the Talamanca Valley by the United Fruit Company 
(UFC), it can also grow on steep slopes and low-fertility soils. Despite this ability, research 
indicates that low-pH soils with high aluminum saturation greatly inhibit cacao yields 
(Baligar and Fageria 2005). In contrast to cacao, plantain and organic banana production for 
commercial purposes is limited to well-drained, sandy-textured soils on low-gradient slopes 
(Robinson 1996) such as those in the floodplain of the Talamanca Valley. Attempts to grow 
plantain in the foothills have been unsuccessful after one harvest (Winowiecki and Whelan 
unpublished data). These variations in soil type and slope have contributed to the current 
pattern: banana and plantain dominate the valley, while cacao remains the major cash crop 
that can be widely produced on the low-fertility soils of the foothill slopes. It is important to 
note that this variation in landscape and corresponding soil characteristics is responsible in 
part for the distribution of land uses within the territories (Fig. 1). 
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Fig. 1  Dominant land uses in Talamanca, Costa Rica 

Description of farms

Household landholdings in the indigenous territories can include multiple plots of land with 
different land uses (Whelan 2005). Cacao is managed at a low intensity, and canopies of 
cacao agroforestry systems in the territories vary in tree species composition and amount of 
shade. These include systems with scattered shade trees of only one species, intercropped 
systems with a variety of timber and fruit species including banana, and ‘rustic’ systems in 
which cacao is grown under thinned forest trees (Somarriba and Harvey 2003). The canopy 
of banana agroforestry systems often contains remnant trees of the original forest or 
naturally regenerated laurel (Cordia alliodora), and is generally less floristically diverse 
than that of cacao (Guiracocha et al. 2001; Suárez Islas 2001). Households often intercrop 
cacao and banana in agroforestry systems, since they are compatible as organic cash crops 
and can grow under shade. These systems may emphasize one crop over the other. Plantain 
grown without agrochemical inputs can also be included in agroforestry systems, either for 
household consumption or for sale as low-quality produce. While much of the valley is 
cultivated for plantain or organic banana production, cacao agroforestry systems still exist 
in valley communities, particularly in those closer to the foothills. Household landholdings 
in the valley are generally much smaller than those in the foothills (Morera et al. 1999; 
Whelan 2005). Foothill farms tend to be more diversified, with areas dedicated to shifting 
cultivation of annual crops and fallows, as well as primary forest and cacao and banana 
agroforestry systems (Somarriba et al. 2003). 

Methods
Integration of local and national information

Much of the information on the indigenous territories is unpublished or gray literature, such 
as theses or project reports of government agencies, non-governmental organizations 
(NGOs), and private consultants. In the absence of systematic and comprehensive research 
in this area, we compiled this information on Talamanca along with national and 
international data on price, production, and export trends in cacao and plantain in Costa 
Rica in order to identify and characterize trends affecting cacao in Talamanca. These data 
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include yield and land use statistics obtained from the Asociación de Pequeños Productores 
de Talamanca (APPTA), cacao prices obtained from the International Cacao Organization 
(ICCO), land use, yield, trade, and price information obtained from FAO databases (http://
fao.faostat.org), and comparisons of production systems within the indigenous territories 
(Deugd 2001; Hinojosa Sardan 2002; Municipality of Talamanca 2003; Yepez 1999). 
Although we cannot conduct additional analyses from these sources, we employ these 
secondary data as the relevant and available cases related to our regional analysis. In 
addition, several authors of this paper have conducted participatory research projects in both 
the biophysical and social sciences in the indigenous territories over the past two years 
(2004–2006), in land uses including cacao, banana, plantain, and basic grains. Although 
anecdotal, our own experiences and participant observation in the indigenous territories 
provide context for our analysis of factors influencing cacao production. 

Household and key informant interviews

Thirty exploratory semi-structured interviews were conducted with regional key informants, 
which included staff of government agencies and NGOs, Bribri and Cabécar local 
extensionists, and residents. Semi-structured interviews were based on an interview guide of 
open-ended questions which gave respondents latitude to describe their responses using 
terms and language most familiar to each of them, and not bound to predetermined answers 
(Mikkelsen 1995). Key informants with knowledge related to land use and livelihoods in the 
indigenous territories were selected through snowball sampling (Berg 1995). Guiding 
questions for semi-structured interviews included past and current land use, factors 
influencing each land use, and household livelihood strategies. Information from key 
informant interviews was used to develop an interview guide of open-ended questions for 
semi-structured interviews with households as well as additional background to develop 
criteria for community selection (Whelan 2005). 

Eight communities within the indigenous territories were selected considering a 
combination of the following criteria: an elevation gradient; access to infrastructure; access 
to services; and total number of households. Four foothill and four valley communities were 
selected. Communities were classified into three zones designated as remote, intermediate, 
and accessible based on access to infrastructure and services (Table 1). The total number of 
households in the eight communities was estimated using health records and census data, 
supplemented by information corroborated with local informants. A random sample of at 
least 10% of households in each zone was selected, with a total of 82 households across the 
three zones (Table 1). Two key factors limited development of a larger sample: (1) the sizes 
of some communities limit the total number of potential respondents, making the local 
community members characteristic of rare populations for survey sampling; and (2) 
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resource constraints only allowed for access to a limited percentage of the remote zone 
communities due to their locations. The mean household size and percent ethnic background 
are also listed in Table 1 to reflect a demographic profile of the respondents. 

Table 1  Characteristics of communities sampled 

 
Remote zone Intermediate zone

Accessible 
zone

Community
San 
José 
Cabécar

High 
Cohen

Orochico
High 
Mojoncito

Low 
Mojoncito

Sepecue Shiroles

Distance 
from Bribria 
(km) 

40 36 25 22 19 17 13.5

Altitude 
(masl)

500 500 200 175 150 100 50

Total 
households

10 12 24 25 45 126 300

Households 
interviewed

2 3 3 7 11 24 32

Percent 
interviewed

20% 25% 13% 28% 24% 19% 11%

Mean 
household 
size (st. dev.)

6.3 (±2.8) 4.6 (±2.1) 4.9 (±2.2)

Mean age of 
head of 
household 
(female)

38.0 (±11.7) 34.3 (±10.5) 
38.5 
(±12.3)

Mean age of 
head of 
household 
(male)

41.4 (±9.0) 38.1 (±8.9) 
42.6 
(±13.1)
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Mean 
household 
landholdings 
(ha) (st. dev)

57.0 (±65.3) 42.1 (±55.1) 6.8 (±11.0)

Mean plot 
size (ha) (st. 
dev)

7.2 (±20.1) 6.5 (±18.9) 7.6 (±21.6)

Percent Bribri 69% 80% 68%

Percent 
Cabécar

31% 13% 17%

Percent other 0% 7% 15%

a Bribri is the nearest urban center with access to infrastructure outside the indigenous territories 

Five pre-test interviews were conducted using an interview guide prior to administering the 
full household survey. Survey interviews with households were combined with a 
participatory mapping exercise of farm land use and cropping history. Survey interviews 
also included an open-ended discussion of the future possibilities of organic production in 
Talamanca. 

Data analysis

Interview data were coded and descriptive statistics were calculated. Responses to open-
ended questions in semi-structured interviews can vary widely. When households gave 
multiple responses to a question, responses were aggregated by topic and the percentage of 
households mentioning each topic was calculated. 

Land use trajectory diagrams were constructed by compiling changes in land use history 
from the mapping exercise. Since household interviews did not specify exact time periods 
for cropping history, land uses were designated sequentially as ‘Former use III’ (oldest land 
use) followed by ‘Former use II’, ‘Former use I,’ and ending with ‘Current use’. Thicker 
lines between land uses in the diagrams correspond to more prevalent land use patterns. 
Although the process of land use change is not always linear and can include gradual shifts 
and rotations, the land use trajectory diagrams display this change in linear form for ease of 
presentation. 
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Triangulation

Information gained through literature review and interviews was triangulated through 
participant observation and group discussions. Participant observation included living with 
households for a month and a half in each of the different zones, informal conversations 
with indigenous farmers and other household members, participating in activities of 
households, and observations from personal experience through working in the indigenous 
territories. Several group discussions for feedback were held in each zone following 
completion of the semi-structured interviews. 

Results
Abandonment and shifting of cacao agroforestry systems

Extension and research support promoting cacao agroforestry systems in the indigenous 
territories began in the mid-1980s (Table 2). These projects introduced improved production 
methods such as pruning, grafting of superior local germplasm, enrichment with fruit trees, 
and improvement of the shade canopy, and also provided workshops to train farmers and 
local extensionists in these practices. Projects also distributed cacao and shade tree 
seedlings for rehabilitation of abandoned cacao farms. Despite these efforts, land use has 
shifted away from cacao production in areas where other cash crops can be grown. Total 
cacao production in Costa Rica has declined from a peak of 32,500 ha harvested in 1968 to 
only 3,550 ha harvested in 2005 (Fig. 2a). Our household survey showed that of 42 plots 
that emphasized cacao when the household first began managing the land, only one (2%) 
remained in cacao at the time of the study. Cacao agroforestry systems were replaced by 
banana agroforestry (36%), mixed agroforestry (24%), and plantain (21%) (Fig. 3). Though 
mixed agroforestry systems often retained some cacao, they shifted to emphasize other 
crops, especially banana. While 30% of households surveyed had at least some cacao at the 
time of the study, only 36% of these sold their cacao for cash income. The remaining 
households either had abandoned their cacao or used it only for household consumption. 

Table 2  Conservation and development efforts promoting cacao in Talamanca 

Organization Project Date
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Coopetalamancaa 
Rehabilitation of abandoned cacao 
farms

1984

ANAIa 
Diversification of agroforestry 
systems Promotion of new cacao 
genotypes

1984–1991

Asociación de Pequeños Productores de 
Talamanca (APPTA)a, c 

Reforestation in cacao farms, 
thinning and pruning

1987–1990

1991–1995

1995–2000

Centro Agronómico Tropical de 
Investigación y Enseñanza (CATIE)b, d 

Planting of timber and leguminous 
shade species with cacao

1989–1999

The Nature Conservancyf EcoEnterprise fund for chocolate 2000

CATIE and World Bank Global 
Environmental Funde 

Biodiversity in cacao agroforestry 
systems

2001–2004

CATIE
Environmental service payments 
for aboveground carbon storage

2004–2006

a Acuña 2002, b Beer 1991, c Hinojosa Sardan 2002, d Somarriba et al. 2001, e Somarriba et al. 
2003, f Niler 2002 
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Fig. 2  (a) Area in Costa Rica harvested for plantain and cacao. (b) Costa Rican production volume 
of plantain and cacao. (Source: FAO databases, http://faostat.fao.org) 
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Fig. 3  Shifts out of cacao agroforestry systems for household plots whose management began with 
cacao agroforestry systems in 8 communities in Talamanca. Thicker lines reflect more common land 
use pathways. Numbers of plots are in parentheses. AFS = agroforestry systems. ‘Other’ includes 
tubers, fruit trees, and home gardens. Source: Whelan 2005 

This trend of cacao agroforestry system abandonment or shifting to emphasize other crops 
can be understood in the framework of the vulnerability context in which households choose 
their livelihood strategies, and the structures and processes that influence livelihoods. 
Shocks and trends comprising the vulnerability context in Talamanca include crop disease, 
population growth, and concentration in population centers. Structures and processes 
include socioeconomic factors such as the shift from a subsistence to a cash-based economy, 
the relative prices of cacao and other cash crops, and institutional factors such as the 
availability of capital and government support for agriculture (Fig. 4). 
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Fig. 4  Factors influencing abandonment and conversion of cacao agroforestry systems in 
Talamanca 

Vulnerability context

Monilia

The fungal disease monilia (causal agent: Moniliophthora roreri Cif.) was a devastating 
shock to livelihoods throughout Talamanca when it arrived in the late 1970s, and continues 
to be one of the major factors limiting cacao yields (Villalobos and Borge 1998). Fungal 
spores of monilia infect young cacao pods, resulting in rotting and discoloration within the 
pod, partial or complete destruction of the beans (Ampuero 1967), and deformation or death 
in small pods (Campuzano 1980). The spores are dispersed from diseased pods, mainly 
through convection currents within the farm and wind (Evans 1981). Pod losses due to 
monilia range from 10% to 100% and have led to the abandonment of cacao cultivation in 
some parts of Latin America (Phillips-Mora 2003). The disease was first reported in Costa 
Rica in 1978 (Enriquez and Suarez 1978). Between 1978 and 1983, the area of land 
harvested declined from 30,000 ha to 9,100 ha (Fig. 2a), and total cacao production in Costa 
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Rica declined by 79% (Fig. 2b). Cacao production in Costa Rica has never since recovered 
to pre-monilia levels. Our household survey showed that all households who had abandoned 
their cacao or shifted it to other crops mentioned monilia as the determining factor in their 
decision. 

Control methods for monilia remain limited. Since cacao in Talamanca is grown for organic 
markets, control of monilia with synthetic fungicides is not an option for farmers (Krauss 
et al. 2003). Copper-based fungicides can be used in organic production, but are not 
economical when cacao yields are low or in areas with high rainfall (Hernández 1991, cited 
in Soberanis et al. 1999). No resistant cultivars are available, although work is ongoing to 
develop monilia-resistant germplasm (Phillips-Mora et al. 2005). The removal of diseased 
pods has been promoted in other regions as a cultural control practice (Soberanis et al. 1999; 
Leach et al. 2002), and biological control with fungal antagonists has also been investigated 
(Krauss and Soberanis 2002). Pod removal and biological control have both been tested in 
Talamanca, but results so far are inconclusive on the efficacy of these methods and their 
profitability (Krauss et al. 2003). Given the lack of profitable control methods and drastic 
yield losses, monilia continues to be a major barrier to reversing the production decline of 
cacao for many farmers in Talamanca. 

Demographic trends

Demographic trends within the indigenous territories also form part of the vulnerability 
context affecting households and their livelihood strategies. Increased population pressure 
on cultivated land, for example, can be an important influence on transformations in 
agricultural production (Boserup 1981). The population of the indigenous territories has 
surged from 2,790 inhabitants in 1973 to 10,292 by 2000 (Yepez 1999; Municipality of 
Talamanca 2003). The population has also become more concentrated in the Talamanca 
Valley. Although the valley constitutes only 18% of the indigenous territories, over 80% of 
the population resides on these flat and fertile lands (Borge and Castillo 1997). These trends 
are due to both overall population growth and immigration of non-indigenous peoples. In 
the late 20th century, several groups of non-indigenous residents migrated to Talamanca due 
to drought in Guanacaste, Costa Rica, conflict in Nicaragua, and employment opportunities 
with the petroleum explorations of the Costa Rican Petroleum Refinery (RECOPE) 
(Villalobos and Borge 1998). 

Pressure on land is likely to intensify as population growth continues. From 1976 to 1991, 
land under cultivation more than quintupled from 2,000 to 10,700 ha, largely due to an 
increase in plantain and organic banana production (Yepez 1999). More than half of 

http://www.springerlink.com/content/v020500k7711453t/fulltext.html (16 of 35)8/14/2007 3:47:22 AM



10.1007/s10531-007-9192-4

households interviewed (59%) stated that they did not have enough land to meet their needs. 
When asked how much land they needed, the mean response was 7.8 ha. Our survey found 
that in the communities with better access to basic infrastructure and services, some 
households had no land at all (15.6%), while 22% of households had 1 ha or less. Present 
conditions leave many households with few options but to cultivate limited landholdings 
intensively while complementing on-farm activities with off-farm sources of income. In the 
communities of our study region that had less population pressure on land, group 
discussions with key informants indicated that cacao agroforestry systems were often 
abandoned and left to return to secondary forest. In areas with greater degrees of population 
pressure, cacao was predominantly replaced by banana agroforestry systems or plantain, or 
remained only partially in cacao production while shifting to emphasize other crops (see 
also Yepez 1999). These changes illustrate the role of demographic trends in household 
decisions to either intensify production of agroforestry systems or abandon cacao 
agroforestry systems to pursue other livelihood strategies. 

Structures and processes: socioeconomic and 
institutional factors influencing livelihoods

Cacao production in Talamanca is also limited by structures and processes that favor the 
cultivation of alternative crops. These include the development of a cash-based economy, 
increased availability of domestic and international markets for plantain, higher and more 
regular income from plantain sales, wage labor opportunities in plantain, and a favorable 
policy context for plantain compared to organic crops. The economy within the indigenous 
territories has shifted from subsistence to a cash-based economy. This shift began with 
commercial production of cacao by the UFC in 1909 (Villalobos and Borge 1998). After the 
UFC withdrew from the Talamanca Valley in the 1940’s, local residents continued to 
cultivate cacao as a cash crop (Villalobos and Borge 1998). The immigration of wage 
laborers and cash crop producers intensified the transition to reliance on cash income. When 
cacao production was no longer profitable following the onset of monilia in 1978, the 
demand for continued cash income led to the adoption of other cash crops such as plantain 
and organic banana. Plantain began to replace cacao as a cash crop in 1983–1984 (Fig. 5), 
when U.S. transnational companies and Nicaraguan importers began purchasing plantains in 
Talamanca (Somarriba 1993). By the late 1980s, the plantain market provided more 
financial security than cacao due to low and fluctuating cacao prices (Fig. 6). By contrast, 
markets for organic cacao and organic banana did not develop until the early 1990s 
(Hinojosa Sardan 2002). 
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Fig. 5  (a) Volume of annual Costa Rican exports of plantain and cocoa beans. (b) Value of annual 
Costa Rican exports of plantain and cocoa beans. (Source: FAO databases, http://faostat.fao.org) 

http://www.springerlink.com/content/v020500k7711453t/fulltext.html (18 of 35)8/14/2007 3:47:22 AM



10.1007/s10531-007-9192-4

Fig. 6  International cocoa bean prices (Source: International Cacao Organization, http://www.icco.
org/menustats.htm) 

Although an organic market for cacao in Talamanca exists, plantain provides higher and 
more regular income. Available estimates of average yearly gross income per hectare vary 
widely (Table 3), and systematic comparisons of cash crops in Talamanca do not exist 
beyond these sources. These estimates come from several previous studies conducted within 
the indigenous territories, some of which relied on interview data (Deugd 2001; Hinojosa 
Sardan 2002; Winowiecki unpublished data) and one on on-farm production data (APPTA 
production data 2004). An estimate of gross annual income for cacao was also calculated 
from yield and price data available from the FAO (FAOSTAT data 2006, http://faostat.fao.
org). Some studies were conducted within only one production year (APPTA production 
data 2004; Deugd 2001; Hinojosa Sardan 2002; Winowiecki unpublished data). Some do 
not state their duration and methods with enough specificity for full comparison, but do 
provide additional context for understanding the patterns of factors affecting cacao 
production (Municipality of Talamanca 2003; Yepez 1999). Sample sizes from these studies 
vary from 6 farms (Deugd 2001) to 71 (Hinojosa Sardan 2002) to 325 farms (APPTA 
production data 2004). While these sources provide widely variable estimates of gross 
income from the three major cash crops in Talamanca, they illustrate a general pattern: 
plantain generates the highest gross income, followed by banana and finally cacao. Studies 
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that calculated the benefit/cost ratios for these crops show the same pattern, with a benefit/
cost ratio less than 1 for cacao compared to over 3 for plantain (Table 3). Costs of 
production in these studies included labor, services such as transportation, and purchased 
inputs (Deugd 2001; Hinojosa Sardan 2002). Some of the differences among studies may be 
due in part to different methods of calculating labor costs. In particular, including household 
labor as a cost may result in underestimating the benefit/cost ratio for cacao (Deugd 2001), 
since many households rely on the labor of family or traditional group work days for which 
they do not pay wages. However, each study alone presents the same pattern of a lower 
benefit/cost ratio for cacao compared to banana or plantain. 

Table 3  Available estimates of yearly income and benefit/cost ratios for primary cash crops in 
Talamanca 

Crop Frequency of harvest Average yearly gross income/ha Benefit/cost ratios

Cacao 1–2 times per year

$19 ± 16e 0.14e 

$80–120a 0.78 ± 0.80c 

$111 ± 73b 1.54f 

$270 ± 88c  

Banana Every 2 weeks

$160–240d 0.97e 

$200 ± 143e 1.81 ± 0.66c 

1100 ± 339c  

Plantain Every 1–2 weeks
$600 ± 397e 3.42e 

$700–$3,500f,g 3.68f 

Modified from a Winowiecki unpublished data; b Yield and price data 1991–2002, FAOSTAT data 
2006, http://faostat.fao.org; c Deugd 2001; d APPTA production data 2004; e Hinojosa Sardan 2002; 
f Yepez 1999; g Municipality of Talamanca 2003 

The results of our household interviews correspond to this pattern. Only 2% of households 
considered cacao an important source of income, compared to 23% for plantain (Fig. 7). 
Lower income from cacao results in part from low cacao prices, due to both international 
price trends (Fig. 6) and the lack of competition among cacao buyers in Talamanca 
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(Andrade and Detlefsen 2003). Only two local associations in Talamanca currently buy 
cacao for one export market, whereas a variety of buyers exists for plantain for national and 
export markets. In open-ended discussions with respondents, 44% of households who 
commented on the future of organic agriculture in the indigenous territories mentioned low 
or unstable prices as obstacles. Regularity of income is also important because of the 
demand for a continuous supply of cash in an area with limited access to credit and savings 
mechanisms. While cacao has one major harvest per year, with one or two secondary 
harvests, plantain can be harvested and sold on a regular weekly or biweekly basis. 
Responses from households indicate that this cash structure affects livelihood strategies and 
decisions about land use. 

Fig. 7  Household responses to the question: What are important income sources for your 
household? 
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Plantain farms also provide opportunities for wage labor due to their higher management 
intensity. Off-farm income has become an increasingly important livelihood strategy for 
households in the indigenous territories. When asked to list important sources of household 
income, 41% of households mentioned off-farm labor (Fig. 7). Labor invested in cacao 
production now carries the opportunity cost of wages that could be earned in plantain farms. 
This contributes both to low cacao yields and increased reliance on plantain for income. We 
found that of the 10 households that employed permanent labor, 80% used that labor in 
plantain. Of the 16 households that employed labor irregularly, 73% used that labor in 
plantain. In foothill communities which are unable to sell to plantain and organic banana 
markets, 80% of households had at least one member who worked as a wage laborer. This 
trend is also seen in valley communities, where households with limited landholdings often 
depend upon wage labor in plantain farms. 

The lack of institutional support available for cacao compared to plantain has contributed to 
the decline of cacao agroforestry systems in areas where plantain can be grown. Institutional 
support for cacao existed in the form of research efforts and promotion of diverse farms by 
NGOs during the 1980s (Table 2). However, that support was not enough to compete with 
support offered to plantain growers from the Costa Rican government and national and 
international plantain buyers. Plantain exporters have received economic incentives such as 
tariff exemptions or reductions and tax credits (Somarriba 1993; Mora 2005). In the 
indigenous territories, plantain buyers provide farmers with tools and agrochemical inputs 
and later deduct them from the sale of plantain, enabling households with little or no 
resources to begin plantain production (Whelan 2005). In our survey, 26% of total 
households reported receiving informal credit from plantain middlemen, who operate 
between producers and multinational corporations or national wholesale buyers. In the more 
accessible zone, 53% of households had access to informal credit, and all of this credit was 
from plantain middlemen. Also, the Costa Rican government provides extension services 
for plantain growers (Garcia 2003). Of the households in our survey, 9.8% mentioned 
receiving visits by government extensionists for plantain production, but none mentioned 
receiving a visit from a government extensionist for cacao production. 

Organic certification requirements and legislation for timber sales from agroforestry 
systems are potential obstacles to cultivating cacao within the territories. Organic 
certification requires yearly inspections paid for by farmers. A three-year transition period 
with no chemical inputs is required to convert from plantain to organic systems (Soto 1998). 
Requirements also include an 8 m buffer zone separating organic farms from plantain farms 
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with chemical use (Ecocert Canada 2006). Given the present conditions of land scarcity and 
poverty in Talamanca, farmers may be reluctant to take land out of production in order to 
meet these requirements. For example, 76% of households who responded on the subject of 
organic agriculture mentioned agrochemical use in nearby plantain as a barrier to the spread 
of organic systems. Only 4% of households surveyed considered cultivating cacao in the 
future. Similarly, current forest legislation acts as a disincentive to cultivate agroforestry 
systems. Timber harvests must be conducted with advance permission from the indigenous 
territories’ development associations and payment of fees. According to Costa Rican and 
local indigenous law, farmers can only harvest trees from designated agricultural land with a 
maximum harvest of three trees of over 50 cm diameter at breast height per hectare and up 
to 9 trees per year, including fallen trees (Candela 2006). This strict legislation, combined 
with the excess fees and costs of tree harvesting, limits the potential of timber products to 
augment income from diversified farms. 

Discussion
Efforts to promote cacao agroforestry systems as a conservation tool would benefit by 
addressing factors limiting cacao production. Our analysis indicates that producing cacao as 
a livelihood strategy remains bound to a variety of local, regional, and global factors. Low 
international market prices may inhibit farmer motivation to expand cacao production if 
they also have the choice to grow plantains for a higher and steadier income. Related to this, 
local buyers’ organizations may help buffer global fluctuations in price, but can also set 
lower prices. Regional or local pricing may then relate to the presence or lack of a 
cooperative structural arrangement that would include or exclude indigenous farmers in 
economic decisions within the market. The prevalence of monilia in Talamanca drastically 
reduces cacao yields, and no control methods currently exist that would be feasible for 
farmers within the indigenous territories. This multiplicity of factors highlights the 
complexity that smallholders face in choosing livelihood strategies with tradeoffs beyond 
individual control. An important next step in addressing the factors limiting cacao 
production would be to conduct a sensitivity analysis to identify the response of profit 
gained from cacao production to each factor. A sensitivity analysis of organic cacao 
agroforestry systems in Belize identified labor-saving management practices and 
availability of credit as strongly influencing profit, while profit responded weakly to 
changes in cacao price policy and not at all to changes in timber sale prices (Rosenberg and 
Marcotte 2005). A similar analysis in Talamanca could help organizations promoting cacao 
to focus efforts on factors with a greater effect on profit for cacao farmers. While our 
analysis does not attempt to comment on the relative importance of each factor, in the 
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following section we discuss potential avenues to address the limitations of cacao 
cultivation in Talamanca. Although many of these are specific to the Talamanca region, 
they illustrate the general importance of including an understanding of livelihoods in 
conservation efforts involving the promotion of diverse agricultural systems. 

Addressing the vulnerability context

Continued research on feasible monilia control methods for farmers in Talamanca is needed 
in order to raise cacao yields and income generated from cacao agroforestry systems. A 
participatory evaluation of cultural and biological control for monilia in Talamanca found 
that both weekly pod removal and treatment with fungal antagonists reduced disease 
incidence (Krauss et al. 2003). However, neither practice was profitable during the two 
years of the study, and the authors recommended further research on combinations of the 
two strategies (Krauss et al. 2003). An evaluation of one project of the Centro Agronómico 
Tropical de Investigación y Enseñanza (CATIE) in Talamanca recommended the use of 
locally available fungicides such as compost tea, effective microorganisms (EM) products 
available from EARTH University, and supermagro, a biofertilizer with fungicidal 
properties (Altieri 2004). Increased extension efforts are also necessary to disseminate 
improved control methods. If monilia remains a major constraint to cacao production, it is 
extremely unlikely that farmers in Talamanca will consider cacao a profitable cash crop 
compared to banana or plantain. 

Efforts to promote improved management practices such as shade canopy rehabilitation, 
pruning, and grafting of local superior varieties should be continued to help to raise cacao 
yields. In the Talamanca Valley, an increasing population on fixed land resources continues 
to reduce the available land per household. Consequently, cacao agroforestry systems will 
require more active management to compete with more intensified systems. While cacao 
cultivation is traditionally an extensive, low-management land use, improving management 
on a small area of land may be a viable strategy (Altieri 2004). Soil management techniques 
could also improve yields on low-fertility soils. These include practices which decrease 
nutrient leaching from the system, increase soil pH, minimize soil erosion, and increase soil 
fertility status through introduction of nitrogen-fixing shade trees. 

Another strategy to improve cacao agroforestry systems is to manage several components 
more intensively, such as the timber and fruit species present in addition to cacao. Biweekly 
banana harvests from mixed systems can provide the regular income needed to sustain 
household livelihoods between cacao harvests. Improved management and marketing of 
organic banana in mixed agroforestry systems with cacao could contribute to the viability of 
these systems. Plantain can also be grown in organic agroforestry systems, although 
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cosmetic insect damage excludes it from export and results in a lower price for sale to the 
national market. A simulation model comparing mixed plantain, timber, and cacao 
agroforestry systems with monocultures of each crop in Panama found that the mixed 
agroforestry systems provided higher and more stable net incomes (Ramirez et al. 2001). 
While no one solution will alleviate all biophysical limitations for cacao production, a 
combination of management techniques may help to increase cacao yields and encourage 
farmers to plant and maintain cacao agroforestry systems. 

Improving structures and processes

Increasing institutional support

Institutional support for cacao in the form of capital, extension efforts, and infrastructure is 
currently far below that available for plantain, which benefits from both public and private 
support at both the farm level and regional and international levels. Policies that provide 
incentives for organic production and cacao agroforestry systems are necessary if 
agroforestry systems with organic products are to expand beyond current levels. Technical 
support from government extension agencies and NGOs would provide incentives to keep 
cacao in production. Many local farmers have received training as extensionists in cacao 
management practices such as pruning and grafting. However, funding to employ them runs 
out when a project ends. Finding ways to keep local extensionists employed would help 
provide the institutional support needed to improve production in cacao agroforestry 
systems. Institutional support for cacao on the local level could also be improved by 
providing better access to tools and credit options for households interested in improving 
management practices. In addition, cacao farmers are currently not organized enough to 
collectively negotiate with buyers for better prices. Efforts to unite cacao farmers through 
community organizing and workshops on negotiation techniques could empower them to 
demand better prices for their product. 

Modifications in current legal structures are necessary in order to remove disincentives for 
organic production in agroforestry systems. Although well intended, the certification 
process, buffer zone, and three-year transition period unfortunately act as regulatory barriers 
for households interested in changing to organic production. Changes in this process or 
financial support such as credit for households during the transition period would make this 
transition more feasible. Also, legal changes to allow for increased sale of timber products 
within sustainable limits would improve the profitability of diverse agroforestry systems. 
The current law regulating the sale of timber products is a national law administered by the 
indigenous governing bodies and could be modified to allow farmers to harvest timber 
sustainably in agroforestry systems while still protecting forested areas. An analysis of 
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timber harvests in agroforestry systems in Talamanca concluded that timber could be 
extracted at double the current rate and still be sustainable (Suárez Islas 2001). Finally, 
efforts by the National Forestry Financing Fund (FONAFIFO) and CATIE to institute legal 
structures to allow for environmental service payments and the sale of carbon credits from 
land uses such as cacao agroforestry systems should be continued. The potential for 
including diverse organic banana agroforestry systems could also be explored. 

Generating additional income from cacao products

Transformations toward a cash economy have created new pressures for households to 
generate cash income through both on-farm and off-farm activities. A livelihoods focus 
reveals the importance of the regularity and diversity of income. Adding value to cacao 
through roasting, packaging, and marketing of chocolate products could diversify the 
Talamanca cacao market beyond its present reliance on only two buyers, offer households a 
more regular income, and generate off-farm employment opportunities. The Association of 
Indigenous Women of Talamanca (ACOMUITA) has sought to add value to cacao by 
acquiring equipment to process and package chocolate, with financial and technical support 
from the World Bank, USAID, and CATIE. While initial efforts are promising, there is 
room for improvement in quality control, packaging, marketing, and the involvement of 
more cacao-growing households within the territories. These efforts could benefit from 
increased support such as providing market liaisons outside the indigenous territories. There 
is presently an opportunity to reach local and national tourist markets by filling a niche for 
certified organic and indigenous-grown chocolate products. Diversification out of sole 
reliance on export markets would have the added benefit of buffering household livelihoods 
in times of commodity price fluctuations. 

Agro-tourism also offers potential for generating higher incomes for cacao-producing 
households. Tourism in Talamanca has grown in the last several decades, including cultural 
and ecological tourism within the indigenous territories (The Nature Conservancy 2005). 
The Community Ecotourism Network of Talamanca was created in 1998, a product of the 
work of development organizations such as the Talamanca Ecotourism and Conservation 
Association (ATEC), the Association ANAI (formerly the Association of New Alchemists), 
and the Talamanca-Caribbean Biological Corridor Association. This network has trained 
local guides and offers tours of communities growing organic cacao, where tourists are 
presented with information about cacao agroforestry systems and served cacao as a 
beverage and in processed form. While these efforts to add value to cacao cultivation 
through agro-tourism are still in their initial stages, they offer potential for expansion to 
more communities within the indigenous territories. 

Certified products such as organic cacao and banana can provide farmers with additional 
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income through premium prices for organic products. Since the continued production of 
organic products depends on consumer demand, campaigns to generate awareness of 
ecological and social issues in agricultural production form a crucial part of any effort to 
promote cacao agroforestry systems as a conservation tool. One example is the certification 
of origins currently being developed for coffee, which allows consumers to purchase coffee 
based on the significance of a particular place and its people. Most of Talamanca’s cacao is 
currently exported to only one company and processed with cacao from other places. 
Developing a certification of origins could differentiate Talamanca cacao products and 
potentially increase the price farmers receive for their cacao. 

Conclusions
Incorporating a livelihoods framework into biodiversity conservation efforts that include 
agriculture can help identify the constraints households face for competing land uses and the 
socioeconomic and institutional structures and processes involved in land use change. 
Equipping conservation efforts with this understanding could improve the promotion of 
diverse agroforestry systems as an alternative to monoculture. In places such as Talamanca 
where diverse agroforestry systems compete with a profitable and well-supported 
monoculture cash crop, conservation efforts to promote diverse agricultural systems must 
take into account the social and economic incentives for farmers to convert land to 
monoculture. Talamanca also demonstrates the importance of diversifying sources of 
income, recognizing both on-farm and off-farm opportunities, to compete with incentives 
for conversion to monoculture. In addition, our case study identifies intensified agroforestry 
systems that manage several cash crops as potential profitable alternatives to monoculture. 
These include regularly harvested crops such as banana or plantain that can provide 
continuous short-term income in addition to the seasonal income generated from cacao. 
Conservation efforts promoting more diverse land uses would benefit from greater inclusion 
of farmers and awareness of the social and economic realities that influence their livelihood 
strategies. While addressing factors that influence household livelihoods and land use may 
seem a difficult task or outside the expertise of conservationists, it is essential for the 
success of biodiversity conservation efforts that seek to include agricultural systems on 
private lands. 

Acknowledgements  We thank the UI-CATIE IGERT project (NSF grant 0114304), NSF-
EPSCoR, and the Organization of American States (OAS) for provision of funding. Many 
thanks also to Eduardo Somarriba, Marilyn Villalobos, and the staff and volunteers of the 
‘Carbon Sequestration and Development of Environmental Markets’ project for logistical 
help in Talamanca. We also thank Winfred Steiner, APPTA, the indigenous associations 

http://www.springerlink.com/content/v020500k7711453t/fulltext.html (27 of 35)8/14/2007 3:47:22 AM



10.1007/s10531-007-9192-4

ADITICA, ADITIBRI, and ACOMUITA, and the indigenous communities for their 
collaboration. Special thanks to Eduardo Somarriba and Max Nielsen-Pincus for reviewing 
the manuscript. This manuscript is a contribution of the Idaho Agricultural Experiment 
Station.

References 

Acuña K (2002) Producción de cacao en Alta Talamanca: experiencias, conclusiones y 
recomendaciones para incorporar una estrategia sociocultural. Lic. Thesis, University of Costa 
Rica, San José 
 
Altieri M (2004) Project evaluation: biodiversity conservation and sustainable production in small, 
indigenous organic cocoa farms in the Talamanca-Caribbean Corridor, Costa Rica (GEF Grant TF 
No. 027789). World Bank, Latin America and the Caribbean 
 
Ampuero E (1967) Monilia pod rot of cocoa. Cocoa Grower’s Bull 9:15–18 
 
Andrade H, Detlefsen G (2003) Principales actores de Talamanca. Agroforestería en las Américas 
10:6–11 
 
Baligar VC, Fageria NK (2005) Soil aluminum effects on growth and nutrition of cacao. Soil Sci 
Plant Nutr 51:709–713

  

 
Beer J (1991) Implementing on-farm agroforestry research: lessons learned in Talamanca, Costa 
Rica. Agroforest Syst 15:229–243

 

 
Berg BL (1995) Qualitative research methods for the social sciences, 2nd edn. Allyn and Bacon, 
Boston, MA 
 
Borge C, Castillo R (1997) Cultura y Conservación en la Talamanca Indígena. Universidad Estatal 
a Distancia, San José, Costa Rica 
 
Boserup E (1981) Population and technological change. University of Chicago Press, Chicago 
 

http://www.springerlink.com/content/v020500k7711453t/fulltext.html (28 of 35)8/14/2007 3:47:22 AM

http://dx.doi.org/10.1111/j.1747-0765.2005.tb00097.x
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADC%252BD2MXhtFyqtLbN&md5=145d387679ae8edaf3d32f203b974785
http://dx.doi.org/10.1007/BF00120190


10.1007/s10531-007-9192-4

Boyd C, Blench R, Bourn D, Drake L, Stevenson P (1999) Reconciling interests among wildlife, 
livestock, and people in eastern Africa: a sustainable livelihoods approach. Overseas Development 
Institute No. 45, London 
 
CABI Bioscience. (2001) Developing sustainable cocoa production systems. Briefing Paper, CABI 
Commodities (on-line), http://www.cabi-commodities.org/Acc/ACCrc/COCbp.htm. Accessed 
15/05/06 
 
Campuzano H (1980) La moniliasis de cacao. Cacaotero Colombiano 13:21–24 
 
Candela S (2006) Convergencias y divergencias de la relación entre organizaciones indígenas y 
externas respecto a la gestión de recursos naturales en los territorios indígenas de la Alta 
Talamanca/ Caribe, Costa Rica. M.Sc. thesis, CATIE, Turrialba, Costa Rica 
 
Carney D (1998) Sustainable rural livelihoods: What contribution can we make? Department for 
International Development (DFID), London, UK 
 
Carney D, Drinkwater M, Rusinow T, Neefjes K, Wanmali S, Singh N (1999) Livelihoods 
approaches compared. Department for International Development (DFID), London, UK 
 
Castillo LE, Clemens R, Solis E (2000) Pesticide residues in the aquatic environment of banana 
plantation areas in the north Atlantic zone of Costa Rica. Environ Toxicol Chem 19:1942–1950

  

 
Castillo LE, de la Cruz E, Ruepert C (1997) Ecotoxicology and pesticides in tropical aquatic 
ecosystems of Central America. Environ Toxicol Chem 16:41–51

  

 
Chambers R, Conway G (1991) Sustainable rural livelihoods: practical concepts for the 21st 
century. Institute of Development Studies Discussion Paper 296, Sussex, UK 
 
Department for International Development (DFID) (2003) Sustainable livelihoods guidance sheets. 
London, UK 
 
Deugd M (2001) Feasibility of organic production systems in Talamanca, Costa Rica. Universidad 
Libre de Amsterdam, San José, Costa Rica 
 
Ecocert Canada (2006) General reference standards for organic agriculture (on-line), http://www.
garantiebio-ecocert.qc.ca/eng/standards.html. Accessed 31/08/06 
 

http://www.springerlink.com/content/v020500k7711453t/fulltext.html (29 of 35)8/14/2007 3:47:22 AM

http://dx.doi.org/10.1897/1551-5028(2000)019%3C1942:PRITAE%3E2.3.CO;2
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADC%252BD3cXltlyksrY%253D&md5=07f8e4128aa55b64c19b08ba1a6de489
http://dx.doi.org/10.1897/1551-5028(1997)016%3C0041:EAPITA%3E2.3.CO;2
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADyaK2sXmtl2msw%253D%253D&md5=301221377e984f8d02dfc29cbaae85eb


10.1007/s10531-007-9192-4

Ellis F (2000) Rural livelihoods and diversity in developing countries. Oxford University Press, 
Oxford, UK 
 
Enriquez G, Suarez C (1978) Monilia disease of cacao in Costa Rica. Turrialba 28:339–340 
 
Evans HC (1981) Pod rot of cacao caused by Moniliophthora (Monilia) roreri. Phytopathological 
Papers no. 24. Commonwealth Mycological Institute, London, UK 
 
Gamez R, Ugalde A (1988) Costa Rica’s national park system and the preservation of biological 
diversity: linking conservation with socio-economic development. In: Almeda F, Pringle CM (eds) 
Tropical rainforests: diversity and conservation, Allen Press, Lawrence, Kansas, pp 131–142 
 
Garcia EJ (2003) Análisis del cultivo del plátano en el marco de la apertura comercial. Universidad 
Estatal a Distancia, San José, Costa Rica 
 
Gómez Valenzuela VF (2001) Analisis de selección de mejoras en producción sostenible y 
conservación de la biodiversidad en fincas indígenas de cacao en Talamanca, Costa Rica. M.Sc. 
thesis. CATIE, Turrialba, Costa Rica 
 
Guiracocha G, Harvey C, Somarriba E, Krauss U, Carrillo E (2001) Conservación de la 
biodiversidad en sistemas agroforestales con cacao y banano en Talamanca, Costa Rica. 
Agroforesteria en las Americas 8:7–11 
 
Harvey CA, Gonzales JG, Somarriba E (2006) Dung beetle and terrestrial mammal diversity in 
forest, indigenous agroforestry systems and plantain monocultures in Talamanca, Costa Rica. 
Biodivers Conserv 15:555–585

 

 
Henriques W, Jeffers RD, Lacher TE, Kendall RJ (1997) Agrochemical use on banana plantations 
in Latin America: perspectives on ecological risk. Environ Toxicol Chem 16:91–99

 

 
Hinojosa Sardan VR (2002) Comercialización y certificación de cacao (Theobroma cacao Linn.) y 
banano (Musa AAA) orgánico de las comunidades indígenas de Talamanca, Costa Rica. M.Sc. 
Thesis, CATIE, Turrialba, Costa Rica 
 
Holdridge LR (1967) Life zone ecology. Tropical Science Center, San José, Costa Rica 
 
Hulme D, Murphree M (eds) (2001) African wildlife and livelihoods: the promise and performance of 
community conservation. James Currey, Oxford 
 

http://www.springerlink.com/content/v020500k7711453t/fulltext.html (30 of 35)8/14/2007 3:47:22 AM

http://dx.doi.org/10.1007/s10531-005-2088-2
http://dx.doi.org/10.1897/1551-5028(1997)016%3C0091:AUOBPI%3E2.3.CO;2


10.1007/s10531-007-9192-4

Johns ND (1999) Conservation in Brazil’s chocolate forest: the unlikely persistence of the traditional 
cocoa agroecosystem. Environ Manage 23:31–47

  

 
Krauss U, Soberanis W (2002) Effect of fertilization and biocontrol application frequency on cocoa 
pod diseases. Biol Control 24:82–89

 

 
Krauss U, ten Hoopen M, Hidalgo E, Martínez A, Arroyo C, García J, Portuguez A, Sanchez V 
(2003) Manejo integrado de la moniliasis (Moniliophthora roreri) del cacao (Theobroma cacao) en 
Talamanca, Costa Rica. Agroforestería en las Americas 10:52–58 
 
Leach AW, Mumford JD, Krauss U (2002) Modelling Moniliophthora roreri in Costa Rica. Crop Prot 
21:317–326

 

 
Lowrance R, Williams RG, Inamdar SP, Bosch DD, Sheridan JM (2001) Evaluation of coastal plain 
conservation buffers using the riparian ecosystem management model. J Am Water Resour Assoc 
37:1445–1455

  

 
McNeely JA, Scherr SJ (2003) Ecoagriculture: strategies to feed the world and save biodiversity. 
Island Press, Washington, DC 
 
Mercer DE, Miller RP (1998) Socioeconomic research in agroforestry: progress, prospects, and 
priorities. Agroforest Syst 38:177–193

 

 
Mikkelsen B (1995) Methods for development work and research: a guide for practitioners. Sage 
Publications, London 
 
Montambault JR, Alavalapati JRR (2005) Socioeconomic research in agroforestry: a decade in 
review. Agroforest Syst 65:151–161

 

 
Mora J (2005) Política agraria y desarrollo rural en Costa Rica: elementos para su definición en el 
nuevo entorno internacional. Agronomía Costarricense 29:101–133 
 
Morera CM, Specer L, Chavarria A, Barrantes E, Oviedo M, Morales G, Zúñiga R (1999) Proyecto 
de ordenamiento de los territorios BriBri y Cabécar de Talamanca: informe final. National 
University, Heredia, Costa Rica 

http://www.springerlink.com/content/v020500k7711453t/fulltext.html (31 of 35)8/14/2007 3:47:22 AM

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9817770
http://dx.doi.org/10.1007/s002679900166
http://dx.doi.org/10.1016/S1049-9644(02)00007-5
http://dx.doi.org/10.1016/S0261-2194(01)00148-X
http://dx.doi.org/10.1111/j.1752-1688.2001.tb03651.x
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADC%252BD38Xht1Wls7s%253D&md5=157e93043d8e45f04533c5386d41bfbf
http://dx.doi.org/10.1023/A:1005964830133
http://dx.doi.org/10.1007/s10457-005-0124-6


10.1007/s10531-007-9192-4

 
Municipality of Talamanca (2003) Plan local de desarrollo: 2003:2013. Municipality of Talamanca, 
Bribri, Costa Rica 
 
Murillo CV, Segura AG (2003) Diccionario de mitología Bribri. Editorial de la Universidad de Costa 
Rica, San José, Costa Rica 
 
Nair PKR (1998) Directions in tropical agroforestry research: past, present, and future. Agroforest 
Syst 38:223–245

 

 
Niler E (2002) The chocolate forest and other delicious ideas. Nat Conservancy Spring 2002:35–39 
 
Palminteri S, Powell G, Fernandéz A, Tovar D (1999) Talamanca Montane-Isthmian Pacific 
ecoregion-based conservation plan: preliminary reconnaissance phase. Tropical Science Center, 
San José, Costa Rica 
 
Phillips-Mora W (2003) Origin, biogeography, genetic diversity and taxonomic affinities of the cacao 
(Theobroma cacao L.) fungus Moniliophthora roreri (Cif.) as determined using molecular, 
phytopathological and morphophysiological evidence. Ph.D. thesis, The University of Reading, 
Reading, UK 
 
Phillips-Mora W, Castillo J, Krauss U, Rodríguez E, Wilkinson MJ (2005) Evaluation of cacao 
(Theobroma cacao) clones against seven Colombian isolates of Moniliophthora roreri from four 
pathogen genetic groups. Plant Pathol 54:483–490

  

 
Polidoro B, Winowiecki L, Johnson-Maynard J, McDaniel P, Morra M (in press) Suelos del valle y 
del piedmonte en Talamanca: un paisaje dinámico para el almacenamiento de carbono. 
Agroforestería en las Américas 
 
Pringle CM, Scatena FN, Paaby-Hansen P, Nu•ez-Ferrera M (2000) River conservation in Latin 
America and the Caribbean. In: Boon PJ, Davies BR, Petts GE (eds) Global perspectives on river 
conservation: science, policy, and practice. John Wiley & Sons, New York, pp 41–77 
 
Ramirez OA, Somarriba E, Ludewigs T, Ferreira P (2001) Financial returns, stability and risk of 
cacao-plantain-agroforestry systems in Central America. Agroforest Syst 51:141–154

 

 

http://www.springerlink.com/content/v020500k7711453t/fulltext.html (32 of 35)8/14/2007 3:47:22 AM

http://dx.doi.org/10.1023/A:1005943729654
http://dx.doi.org/10.1111/j.1365-3059.2005.01210.x
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADC%252BD2MXhtVSltrrM&md5=d4d3e92781466650178e13deedd23edd
http://dx.doi.org/10.1023/A:1010655304724


10.1007/s10531-007-9192-4

Reitsma R, Parrish JD, McLarney W (2001) The role of cocoa plantations in maintaining forest 
avian diversity in southeastern Costa Rica. Agroforest Syst 53:185–193

 

 
Rice RA, Greenberg R (2000) Cacao cultivation and the conservation of biological diversity. Ambio 
29:167–173
<Occurrence Type="DOI"><Handle>10.1639/0044-7447(2000)029[0167:CCATCO]2.0.CO;2</
Handle></Occurrence> 
 
Robinson JC (1996) Bananas and plantains. CAB International, Wallingford, UK 
 
Rosenberg DE, Marcotte TP (2005) Land use system modeling and analysis of shaded cacao 
production in Belize. Agroforest Syst 64:117–129

 

 
Sala OE, Chapin FS 3rd, Armesto JJ, Berlow E, Bloomfield J, Dirzo R, Huber-Sanwald E, 
Huenneke LF, Jackson RB, Kinzig A, Leemans R, Lodge DM, Mooney HA, Oesterheld M, Poff NL, 
Sykes MT, Walker BH, Walker M, Wall DH (2000) Global biodiversity scenarios for the year 2100. 
Science 287:1770–1774

   

 
Sanchez-Azofeifa GA, Harriss RC, Storrier AJ, de Camino-Beck T (2002) Water resources and 
regional land cover change in Costa Rica: impacts and economics. Water Resour Dev 18:409–424

 

 
Schroth G, da Fonseca GAB, Harvey CA, Gascon C, Vasconcelos HL, Izac AN (eds) (2004) 
Agroforestry and biodiversity conservation in tropical landscapes. Island Press, Washington, DC 
 
Shapiro HY, Rosenquist EM (2004) Public/private partnerships in agroforestry: the example of 
working together to improve cocoa sustainability. Agroforest Syst 61:453–462

 

 
Soberanis W, Ríos R, Arévalo E, Zúñiga L, Cabezas O, Krauss U (1999) Increased frequency of 
phytosanitary pod removal in cacao (Theobroma cacao) increases yield economically in eastern 
Peru. Crop Protect 18:677–685

 

 
Somarriba E (1993) Allocation of farm area to crops in an unstable Costa Rican agricultural 
community. Ph.D. thesis, University of Michigan, Ann Arbor 
 

http://www.springerlink.com/content/v020500k7711453t/fulltext.html (33 of 35)8/14/2007 3:47:22 AM

http://dx.doi.org/10.1023/A:1013328621106
http://dx.doi.org/10.1007/s10457-004-0535-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10710299
http://dx.doi.org/10.1126/science.287.5459.1770
http://chemport.cas.org/cgi-bin/sdcgi?APP=ftslink&action=reflink&origin=springer&version=1.0&coi=1%3ACAS%3A528%3ADC%252BD3cXhvVWltLk%253D&md5=02d19c8c40da0885d8a1755d6f73b3a4
http://dx.doi.org/10.1080/0790062022000006907
http://dx.doi.org/10.1023/B:AGFO.0000029025.08901.9c
http://dx.doi.org/10.1016/S0261-2194(99)00073-3


10.1007/s10531-007-9192-4

Somarriba E, Beer J (1999) Sistemas agroforestales con cacao en Costa Rica y Panamá. 
Agroforestería en las Americas 6:7–11 
 
Somarriba E, Harvey CA (2003) ¿Cómo integrar producción sostenible y conservación de 
biodiversidad en cacaotales orgánicos indígenas? Agroforestería en las Américas 10:12–17 
 
Somarriba E, Beer J, Muschler RG (2001) Research methods for multistrata agroforestry systems 
with coffee and cacao: recommendations from two decades of research at CATIE. Agroforest Syst 
53:195–203

 

 
Somarriba E, Trivelato M, Villalobos M, Suárez A, Benavides P, Moran K, Orozco L, López A 
(2003) Diagnostico agroforestal de pequeñas fincas cacaoteras orgánicas de indígenas Bribri y 
Cabécar de Talamanca, Costa Rica. Agroforestería en las Americas 10:24–30 
 
Soto G (1998) Normativa nacional e internacional para la producción orgánica y, o ambientalmente 
amigable de banano. In: Rosales FE, Tripon SC, Cerna J (eds) Producción de banano orgánico y/o 
ambientalmente amigable. Memorias del taller internacional realizado en la EARTH, Guácimo, 
Costa Rica, 27–29 July 1998. INIBAP, pp 24–39 
 
Suárez Islas A (2001) Aprovechamiento sostenible de madera de Cordia allidora y Cedrela odorata 
de regeneración natural en cacaotales y bananales de indígenas de Talamanca. M.Sc. Thesis, 
CATIE, Turrialba, Costa Rica 
 
Suatunce P, Somarriba E, Harvey CA, Finegan B (2003) Composición florística y estructura de 
bosques y cacaotales en los territorios indígenas de Talamanca, Costa Rica. Agroforestería en las 
Americas 10:31–35 
 
The Nature Conservancy (2005) Assessing linkages between agriculture and biodiversity in Central 
America: historical overview and future perspectives. The Nature Conservancy, Mesoamerican & 
Caribbean Region, Conservation Science Program, San José, Costa Rica 
 
Thoms MC (2003) Floodplain-river ecosystems: lateral connections and the implications of human 
interference. Geomorphology 56:335–349

 

 
Villalobos V, Borge C (1998) Talamanca en la Encrucijada, 2nd edn. Editorial Universidad Estatal a 
Distancia, San José, Costa Rica 
 
Whelan MP (2005) Reading the Talamanca landscape: land use and livelihoods in the Bribri and 
Cabécar indigenous territories. M.Sc. thesis, CATIE, Turrialba, Costa Rica 
 

http://www.springerlink.com/content/v020500k7711453t/fulltext.html (34 of 35)8/14/2007 3:47:22 AM

http://dx.doi.org/10.1023/A:1013380605176
http://dx.doi.org/10.1016/S0169-555X(03)00160-0


10.1007/s10531-007-9192-4

Wright SJ, Muller-Landau HC (2006) The future of tropical forest species. Biotropica 38:287–301
 

 
Yepez JP (1999) Talamanca frente al segundo milenio: estrategias para el desarrollo sostenible. 
Proyecto Namasöl, Talamanca, Costa Rica 
 
Young A (1997) Agroforestry for soil management. CAB International, Wallingford, UK 
 

http://www.springerlink.com/content/v020500k7711453t/fulltext.html (35 of 35)8/14/2007 3:47:22 AM

http://dx.doi.org/10.1111/j.1744-7429.2006.00154.x

	springerlink.com
	10.1007/s10531-007-9192-4




