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ABSTRACT 

Many national parks in lesser developed countries are 

threaten by adjacent human land uses. To meet both social 

and environmental needs, effective programs must be 

implemented to manage lands adjacent to national parks for 

conservation and development. This requires careful 

analysis of the socio-economic aspects of existing land use 

patterns and their implications for biological conservation. 

Research was undertaken adjacent to Braulio Carrillo 

National Park, Costa Rica. The biological integrity of the 

park depends on maintenance of natural habitats on lands 

adjacent to the lowland sector of the park. Existing 

lowland forest habitat adjacent to the park is rapidly being 

converted to pasture. Protecting the park's lowland 

biological resources depends on both stopping the influx of 

colonists into the area and encouraging land uses with 

biological conservation value outside the park. Both these 

issues are explored in detail. 

The rationale behind existing land uses in the region 

is discussed in relation to socio-economic variables 

identified from the literature on land use choice in Latin 

America. Large landholders generally engage in beef cattle 

ranching, frequently in association which land speculation. 

Small landholders prefer dairy cattle for cheese production 

is due to its low risk, stable markets, and the possibility 

---_._--- -- ---- ------. 
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of gradual and,reversible entry. Smaller cattle operations 

use land more intensively, but by investing more labor 

appear to achieve sustainability. More intensive cash 

cropping is often combined with cattle to increase overall 

income. Timber production shows potential to partially 

replace cattle as an extensive, low risk land use. 

The impact of different adjacent land uses on park 

biological resources was assessed through a survey of 

biologists familiar with the region. The two land uses of 

greatest benefit to park resources were completely protected 

forest and natural forest management for timber production. 

The two land uses causing greatest harm to park resources 

were annual crops and pasture. 

Two management options for conservation and development 

adjacent to the park are proposed: 1) a forest buffer, and 

2) a mosaic of different land uses, including pasture, 

perennial crops, and forest. 

--------------- --- --
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INTRODUCTION 

National parks protecting tropical forests throughout 

the world are being threatened as population growth and 

expansion result in the conversion of surrounding lands to 

human-dominated land uses. Logging, hunting, grazing, 

agriculture, and other activities are taking place directly 

outside many national parks. This has resulted in the 

reduction of the size of many previously larger natural 

ecosystems to the area protected in national parks. Many of 

these parks are by themselves too small to effectively 

protect the species and ecosystems represented within their 

boundaries. Yet much of this human activity is in response 

to the legitimate needs of people who have no other land 

available on which to meet their survival and development 

needs, making enlargement of most national parks unlikely. 

In response to this situation, increasing attention is being 

focused on ways to meet development needs outside national 

parks while at the same time promoting land uses compatible 

with biological conservation adjacent to parks. Various new 

park management strategies have been proposed, including: 

1) less protectionist management policies permitting limited 

sustainable resource extraction from parks~ 2) increased 

local involvement in tourism to increase park related 

revenues received by local people and provide alternate 

sources of income to those land uses that are more 



destructive to biological diversity; 3) buffer zones 

surrounding national parks with land uses that can both 

increase a park's ability to protect biological resources 

15 

and provide sUbsistence and income-generating opportunities 

for local people; and 4) development projects outside 

national parks, such as agricultural intensification and 

cUltivation of substitute resources, to reduce local 

people's need for park lands and resources. 

While conservation and development strategies for lands 

adjacent to national parks and their inhabitants have been 

the subject of a great deal of discussion in the literature, 

on-the-ground success in implementing many of these 

strategies has been difficult to achieve (Oldfield 1988; 

Janzen 1989). One reason for this is that management 

efforts have often failed to adequately consider socio-

economic aspects of land use and natural resource use 

choices of park neighbors. Conservation and development 

programs adjacent to parks have often not been appropriate 

for the socio-economic context in which they are applied. 

In order to provide more realistic options to local people, 

it is necessary to understand people's responses to 

different socio-economic and environmental situations and 

build land use change and development strategies on this 

understanding. Both the socio-economic and biological 

realities in an area need to be understood and brought 

.. . ,' 
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together in order to evaluate and select park management and 

regional development strategies. The goal of my 

dissertation research was to understand socio-economic 

determinants of land use adjacent to a national park and, 

combining this understanding with biological information on 

adjacent land uses, to recommend locally appropriate 

strategies for conservation and development. 

Objectives 

1. To develop and apply a methodology for analyzing 

the relationship between national parks and adjacent lands 

and local people that focuses attention on critical local 

issues and facilitates the development of locally 

appropriate management strategies. 

2. To describe the relationship of key socio-economic 

variables, including land tenure; household characteristics 

and history; off-farm employment; availability of land, 

labor, and capital; returns to land, labor and capital; and 

market factors, to land use choice and natural resource use 

in the study area. 

3. To determine the impact of different land uses 

adjacent to Braulio Carrillo National Park on the long term 

conservation of biological diversity of the park. 

4. To recommend strategies for fostering land uses 

adjacent to Braulio Carrillo National Park that can promote 

biological conservation and meet development needs. 

--------
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Research site 

Braulio Carrillo National Park was chosen as the site 

for this study because of the international significance of 

the park ecosystem, which is demonstrated by its inclusion 

in an internationally designated biosphere reserve, and 

because the northern sector provided a clear example of a 

case where park management must focus outward from the park 

boundary. The small area and narrowness of the northern 

sector of the park, combined with the rapid rate of 

deforestation on adjacent lands, create an urgent need for 

strategies to increase the compatibility of land use 

adjacent to the park with park conservation objectives. 

The History of Braulio Carrillo National Park 

Braulio Carrillo National Park was established in 1978, 

when an area of 31,401 hectares was given national park 

status by presidential decree. A key factor in the 

establishment of the park was environmental concern over the 

construction of a new highway from San Jose to Guapiles 

(Hartshorn 1986). The park was established to protect the 

previously inaccessible steep slopes of the area from 

spontaneous colonization and subsequent deforestation 

following the opening of the road. The park was established 

from lands formerly a part of the much larger Central 

Volcanic Cordillera Forest Reserve (established in 1975), 

which continues to surround much of the park. 

--------



BRAULIO CARRILLO 
NATIONAL PARK 
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Figure 1. Map of the protected areas in 1983 (after 
Hartshorn and Peralta 1988), 
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Figure 2. Map of the current boundaries of Braulio Carrillo 
National Park. 
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Figure 3. Map of the Central Volcanic Cordillera Biosphere 
Reserve (after Butterfield in press). 
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In 1982, following four years of efforts by scientific 

institutions and conservation organizations to establish a 

protected corridor between the park and the 1,333 hectare La 

Selva Biological station (established in 1968), the La Selva 

Protection Zone was established. The protection zone 

connected the La Selva Biological station to the Forest 

Reserve. The eastern and western boundaries of the 

protection zone were a 300 meter strip on the outer sides of 

the Peje and Guacimo Rivers. The rivers were chosen as 

boundaries because it eliminated the need for boundary 

marking, and the 300 meter strip was included to protect the 

river banks from deforestation. The La Selva Biological 

station was included in the protection zone, but the segment 

of Forest Reserve between the park and the protection zone 

was left out due to opposition to its inclusion by the 

Direcci6n General Forestal (DGF), the managing agency 

(Hartshorn 1986) (see Figure 1). Protection zone status 

essentially freezes land use, prohibiting cutting of primary 

forest but allowing maintenance of existing pastures and 

agricultural croplands. The protection zone status was used 

as a holding action while funds were sought to include the 

area in the park (Pringle 1983). 

In 1986 a fund raising campaign by a consortium that 

included the costa Rican National Parks Foundation, the 

organization for Tropical Studies, World wildlife Fund--
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u.s., and The Nature Conservancy raised over US$ 2 million 

to purchase the private land in the protection zone, and a 

13,500 hectare extension was added to Braulio Carrillo 

National Park. The extension included the segment of the 

Forest Reserve between the protection zone and what was 

previously the northern park boundary. The east and west 

boundaries of the park extension were the Peje and Guacimo 

Rivers; the 300 meters on the outside of the river remained 

in protection zone status (and under private ownership), 

administered by the Costa Rican National Park Service. The 

La Selva Biological station remained in protection zone 

status, owned and administered by the Organization for 

Tropical Studies. with this action, Braulio Carrillo 

National Park attained its current size of 44,901 hectares 

(see Figure 2). 

In 1988, Braulio Carrillo National Park was included in 

the Central Volcanic Cordillera Biosphere Reserve. A 

biosphere reserve is an international designation under 

UNESCO's Man and the Biosphere (MAB) Program to protect 

representative ecological areas in a network of reserves 

that provides a geographic focus for implementation of MAB's 

goal of a worldwide scientific program of international 

scientific cooperation dealing with people-environment 

interactions (UNESCO 1984). A biosphere reserve is focussed 

around a "core" area or zone containing a natural or 

------------------------------
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minimally disturbed ecosystem, and may also include other 

zones for research, experiments in sustainable development, 

landscapes of harmonious traditional use, and modified or 

degraded ecosystems suitable for restoration to natural or 

near natural conditions (TJNESCO 1984). The Central Volcanic 

Cordillera Biosphere Reserve (Figure 3) has an area of 

144,363 hectares, including 47,209 hectares of national park 

lands (Braulio Carrillo National Park and Irazu National 

Park), the 61,541 hectare Central Volcanic Cordillera Forest 

Reserve, the 1,333 hectare La Selva Biological Station, and 

34,280 hectares of private land, primarily bordering the 

former protection zone (MAB 1988). The zoning of the 

Central Volcanic Cordillera Biosphere Reserve has not yet 

been established, but the private lands, which lie to the 

east and west of the 1986 extension, were envisioned as 

sustainable development and restoration zones (Butterfield, 

personal communication). 

The research site was selected during a five-week visit 

to Costa Rica in November 1988. During this time, documents 

related to the park and adjacent lands were reviewed, 

including park service management documents and background 

documents for the proposed USAID-sponsored FORESTA project. 

Extensive interviews were conducted with park service 

officials, including the superi'ntendent of Braulio Carrillo 

National Park. Four of the five park ranger stations for 

~.~----. -~~------------ --------~~--
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Braulio Carrillo N.P. were visited, and rangers and 

environmental education personnel were interviewed. Visits 

were made to several communities near the park, where 

preliminary interviews with local people were conducted. 

Upon returning to Costa R.i(:~a in February 1989, and 

after further discussions with park officials and the 

directors of the La Selva Biological Station, I chose to 

concentrate my study on the west side of the northern sector 

of the park, living in the community of San Ramon. The west 

side was chosen over the east because it had been settled 

longer and had more landholders that actually resided on 

their land. While much of the land on the east side of the 

park has been claimed, because of the remoteness many of the 

landholders reside in nearby communities such as Horquetas 

rather than on their land. San Ramon appeared to be the 

best choice on the west side for the study, because it was 

both adjacent to the park and because a diversity of land 

uses and economic strategies were evident. The study also 

included a portion of the community of Los Angeles that is 

adjacent to both San Ramon and the park. This part of Los 

Angeles lies east of the Rio Tres Volcanes and below the 400 

meter contour. The study area also included El Roble, a 

community to the north of the main study area, in order to 

gather data on black pepper cUltivation and land use 

behavior in a more recently colonized area. 
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Methods 

The first month in San Ram6n was spent becoming 

familiar with the community and conducting preliminary 

interviews with residents. These interviews were informal 

in nature, but covered the topics in the rapid assessment 

methodology presented in Chapter II. The objectives of 

these interviews were to gain a preliminary understanding of 

local land use patterns and relationships with the park in 

order that topics could be identified for which more 

detailed research was necessary, and to become familiar to 

local people and gain their confidence. Once this was 

achieved, formal interviews were begun. The first was a 

household survey on household composition, household 

history, non-agricultural activities, land uses, and the 

details of agricultural activities, including cash and labor 

investments, returns, and market factors. This survey was 

administered to 185 households in the three communities of 

San Ram6n, Los Angeles, and EI Roble. In San Ram6n, special 

effort was expended to survey all landholders, including 

absentee landholders, in order to be able to completely 

characterize the community and its land uses. While some 

effort was made to do the same in EI Roble and Los Angeles, 

this was more difficult because of the distance that had to 

be traveled to reach these communities. The initial survey 

was followed by a survey that collected more detailed 
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information on sUbsistence crops, household possessions, 

income, household expenditures, and debt. The second 

questionnaire was administered to a 50% random sample of the 

households in San Ram6n, and to all the surveyed households 

in EI Roble. A third questionnaire on attitudes towards the 

park and use of natural resources (hunting, gathering, 

firewood, timber, and medicinal plants) was administered to 

a 50% random sample of the resident households in San Ram6n. 

The fourth survey was a 14-day labor time allocation study 

of small and medium-sized cattle farms in San Ramon. This 

study involved a non-random sample of eight households, 

selected because they could all be visited in one day, on 

each day of the study. The labor time allocation study was 

done during two 7 day periods in the months of October and 

November. Because the labor time allocation study focused 

on cattle, for which work is more or less constant 

throughout the year, the fact that this study was done 

during one season is not believed to have any effect on the 

results. After returning to the U.S., I mailed a 

questionnaire on the impact of adjacent land uses on the 

biological resources of the park and biological station to 

selected recent researchers at La Selva Biological station. 

In presenting the socio economic data, data from all 

three communities (san Ramon, EI Roble, and Los Angeles) 

will be combined when discussing land use adjacent to the 

~~------
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park in general. When appropriate, data from San Ramon and 

El Roble will be presented separately to illustrate specific 

points, with San Ramon representing an older; spontaneously

settled area and El Roble representing a more recent 

settlement with government involvement. 

Because of the different samples used for different 

questionnaires, and because accurate and useable data could 

not be obtained from all households for all questions, the 

number of households in the sample (N) will vary with the 

specific data reported, and thus will always be specified. 

Dollars are used as the monetary units primarily because 

inflation quickly makes figures reported in costa Rican 

currency difficult to evaluate. During the study the 

exchange rate ranged from about 78 to 82 colones per dollar; 

an exchange rate of 80 colones per dollar was used to 

calculate the dollar amounts reported. Labor investment 

data will be reported in the traditional costa Rican labor 

unit, the "jornal". One jornal equals six hours. The 

jornal is the unit in which labor data ~~as collected from 

respondents, and has been used to report other labor data 

from costa Rica (Barlett 1982). In reporting names of 

plants and animals, English names are generally given first, 

followed by spanish names in quotes and underlined 

scientific names, both in parentheses. 
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organization of the Dissertation 

The dissertation has eight chapters, of which the first 

is this introduction. In Chapter II, I propose a 

methodology for rapid assessment of adjacent land and local 

population issues for national parks. This chapter also 

presents the results of the application of this methodology 

for the northern sector of Braulio Carrillo National Park. 

The rapid assessment identified several key issues for the 

management of lands adjacent to Braulio Carrillo National 

Park for conservation and development. These issues form 

the basis for the remainder of the dissertation. 

Chapter III, "Biological Aspects of Land Use Adjacent 

to Braulio Carrillo National park," focuses on the impact of 

different adjacent land uses on the park's biological 

resources. In this chapter, I review the conservation 

biology literature and discuss major considerations for 

protecting biological diversity in national parks and 

protected areas. Based on a survey of biologists, I 

identify key elements of the park's biota likely to be 

impacted by adjacent land uses, and discuss the relative 

impact on the park of thirteen different adjacent land uses. 

Chapter IV, "History and patterns of colonization in 

southwestern Sarapiqui," considers the larger picture of why 

colonists are coming to lands adjacent to the lowland 

portion of the park. In this chapter, I identify the 

-------_._ .. _ ..... . 
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driving forces.behind colonization in costa Rica, along with 

key determinants of land use patterns and colonist success 

and failure. I discuss national-level tre~ds, including 

population growth and the displacement of people from other 

regions of costa Rica by the expansion of export 

agriculture. I also discuss trends within Sarapiqui, 

including the tendency for small landholders to sell their 

holdings to wealthier individuals who aggregate land into 

large cattle ranches, leaving the origina~ colonists to 

begin the process anew. 

Chapters V, VI, and VII focus on understanding socio

economic aspects of land use as the basis for promoting more 

sustainable land uses in the study area. In Chapter V, I 

identify the major dimensions of sustainable land use that 

have been discussed in the literature, and review the 

literature on colonization and agriculture in the lowland 

tropics to address the question of whether or not 

sustainable land use in the lowland topics is possible. 

This discussion identifies socio-economic variables as 

important factors behind environmentally destructive land 

uses. I also review the anthropological literature on land 

use choice and agricultural decision-making in Latin America 

as the basis for understanding the rationales behind 

existing land uses. 

.- ----- ---
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In Chapter VI, I evaluate the most common land use 

options in the study area and compare them along several 

dimensions distilled from the literature, including: 1) 

availability of land, labor, and capital; 2) returns to 

land, labor, and capital; 3) credit availability; 4) risk; 

5) market factors; 6) non-farm production and employment 

options; and 7) knowledge of crop options and technical 

assistance. This chapter examines annual crops (rice and 

beans), cattle grazing (including cheese producing farms of 

different sizes, and large holdings producing beef or young 

animals), permanent crops (coffee, black pepper, and others) 

in detail. Root crops and home gardens receive some 

attention as well. 

In Chapter VII, "Building sustainable land uses on 

existing practices," I discuss three trends towards more 

sustainable land use in southwestern Sarapiqui that can 

serve as foundations for programs to promote land use change 

in the region: 1) intensively managed cattle pasture, 2) 

black pepper as an example of a permanent cash crop, and 3) 

forestry as a land use. The chapter examines the necessary 

conditions for wider adoption of these land uses. 

Chapter VIII, the conclusion, summarizes the results of 

the research with an emphasis on management implications. 

Based on the summary, I present recommendations for 

management of lands adjacent to Braulio Carrillo National 
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Park for conservation and development. I also discuss the 

implications of the research results for management of lands 

adjacent to national parks in general. Finall.y, I compare 

rapid appraisal data collection techniques to in-depth 

research techniques. 

~.-~-~ ~ .. -~.-~.-. -- ._ ... _---------- -~. -.~ ... - .. 



A METHODOLOGY FOR ASSESSMENT OF 
LAND USE ADJACENT TO NATIONAL PARKS 

National parks today are faced with a diversity of 

external situations, many of which may require very 

different management strategies. Some examples of external 

situations and suggested appropriate management strategies 

include: 
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• For some parks, allowing local people controlled access 

to some park resources may be necessary in order that their 

critical resource needs are met (Lehmkuhl, Upreti, and 

Sharma 1988). Permitting such uses can build support for 

national parks by demonstrating their utility to local 

people. It can also help prevent uncontrollable illegal 

incursions into a park or prevent opposition to the park 

from building to a level where it may have far more serious 

impacts than limited extractive uses of natural resources. 

• Some parks are threatened with invasion by settlers who 

have been displaced from other regions. These people may be 

involved in cyclical patterns of destructive land uses and 

migration. Solutions may include increasing economic 

opportunities in the home regions of these people and 

increasing colonization success for people who have already 

been displaced. 

• Some parks have infringed on lands of traditional use 

by local people. Traditional rights to lands should be 
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respected, and permitting continued use of park lands by 

these people may be essential to the well-being or cultural 

survival of these people. Management of national parks by 

or in cooperation with indigenous groups is one way to 

ensure respect for traditional land rights. (see Poole 

1989; Dasmann 1984; and Houseal et ale 1985). 

• For some parks, the long term survival of critical 

species and ecosystems depends on the existence of habitat 

not currently included in the park. These situations 

require efforts to conserve or create additional habitat 

outside the park, either in other protected area categories 

or on private lands. Buffer zones and biosphere reserves 

are examples of this strategy (see Oldfield 1989; Van 

Ordsdol 1977; and UNESCO 1984). 

• Around some parks, wildlife ranging out of the park and 

onto adjacent lands damage crops, destroy livestock, or even 

injure or kill people. Compensation programs, wildlife 

barriers, and shooting of renegade animals may be required 

(see Saharia 1984). 

Many parks' external situations are complicated mixes 

of different relationships and conflicts, based on specific 

biological conservation issues, natural resources use 

patterns, and development needs and desires. In addition, 

there are often long term processes of population growth~ 

changing land use and resource use patterns, and changing 

---------
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needs and desires of local people. These processes of 

change will often increase the pressure on parks in the 

future. Tailoring park management strategies to effectively 

address the adjacent land and local people issues affecting 

an individual park requires a understanding of the external 

situation specific to that park. Methodologies are needed 

for rapid collection of this information for use in 

developing short and long term management strategies. 

Assessment of Social and Biological 
Issues External to National Parks 

A methodology for systematic assessment of adjacent 

land and local people issues for national parks can be 

adapted from a multi-disciplinary rapid appraisal technique 

developed for farming-system research, the "sondeo" 

(Hildebrand 1981). The primary purpose of the sondeo is to 

acquaint project staff with the area in which they are going 

to work. Since quantitative data are not necessary, the 

sondeo can be done rapidly (6 to 10 days) and lengthy 

analysis of data is not necessary (Hildebrand 1981). A 

sondeo for assessing the external situation of national 

parks should: 1) summarize key biological conservation 

issues related to' the park and adjacent lands; 2) describe 

most important aspects of the relationship between the 

national park and local people; and 3) describe the most 

important existing land and natural resources use patterns 

--------



adjacent to the national park. An outline of topics to be 

covered in a national park sondeo is presented below. 

Several sources have been drawn from in developing the 

outline, in particular, MacKinnon et al. (1986), 

Atmosoedarjo et al. (1984), and Zube and Busch (1988) for 

the section on relationship between the national park and 

local people, and Netting (1988) and Hildebrand (1981) for 

the section on land and natural resource use patterns and 

socio-economic factors influencing these choices. 
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Collection of the information in the outline can be 

done through structured interviews, conversational 

interviews, and observation. In collecting the information, 

special attention should be paid to gaining an understanding 

of ongoing processes and changes. Information about past 

land use practices and the reasons changes are taking place 

should be sought. Changes such as increases in population 

and changing consumption goals should be identified as well. 

This information is important in developing management 

strategies that anticipate future changes. 

Sondeo for Analyzing National Park and Local People 

Relationships 

I. Biological conservation issues related to the park: 

A. 

1. 

Park size and shape issues. 

Is the park big enough? 

.-.- . - . __ ._-------
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2. Are there edge related problems due to shape, such 

as park animals ranging out of the park where they 

are persecuted, or domesticated or disturbance 

related species entering the park from adjacent 

lands? 

B. species and ecosystem considerations. 

1. Are key habitats included, such as seasonal or 

migratory habitats? 

2. What endangered species are present? 

3. What critical ecosystems are present? 

II. Relationship between the park and local people. 

A. Impact of local people on the park. 

1. Is hunting present in the park and what species 

are taken? 

2. Are gathering and collecting ongoing in the park 

and what species are taken? 

3. Are people entering the park for agriculture? 

4. Are park watersheds being affected through 

flooding, erosion, silting, or water pollution by 

upstream land uses? 

5. Are pesticides drifting into park from adjacent 

lands? 

B. Impact of the park on local people. 

1. Are crop damage or livestock losses occurring from 

park wildlife? 

---- ---- ----
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2. Has access to lands of traditional use for hunting 

or gathering, agriculture (including fallow 

lands), and religious or ceremonial purposes been 

lost? 

3. Have opportunities for settlement of new lands 

been lost? 

C. Benefits received by local people from the park. 

1. Do park neighbors receive watershed benefits from 

the park, such as supplies of clean water for 

household and agricultural use, flood control, and 

erosion avoidance? 

2. Do park neighbors receive agricultural benefits, 

such as pollination of crops and control of pests 

by wild animals originating in the park (for 

example, bats and birds controlling insect pests, 

and predators controlling rodents or other pests)? 

3. Do local people realize employment benefits 

related to the park, such as direct employment by 

the park, or indirect employment in tourism? 

4. Does the park or tourism provide product marketing 

opportunities, such as sale of food to tourists 

and tourism establishments, or sale of 

handicrafts? 

5. Do park neighbors use the park for recreation or 

education? 

----------



6. Does the park provide any services to the 

community, such as health care, infrastructure 

development, or assistance with community or 

cultural events? 
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D. Presence of park programs related to local people. 

1. What is the level and effectiveness of park 

protection activities, how are these activities 

viewed by local people? 

2. Does the park provide environmental education 

programs. If so, how frequently and what is their 

impact on local people? 

3. Is the park involved in extension programs to 

encourage cUltivation of items that can sUbstitute 

for natural resources previously or currently 

collected from park lands or to promote economic 

development? 

E. What are local people's attitudes towards the 

park? 

III. Socio-economic situation of park neighbors. 

A. Are local people indigenous to the area or more 

recent migrants: and what is the strength of their 

ties to the region? 

B. Briefly describe the major land uses, including 

crops and the purposes for which they are 

produced, the relative importance of different 
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agricultural activities towards meeting 

subsistence or cash needs, seasonal scheduling of 

activities, and constraints to adoption of other 

land uses (including land, cash, and labor 

constraints and bottlenecks). 

c. What forest products are gathered, and what are 

they used for? 

D. What non-agricultural activities are engaged in, 

such as artisanal activities, businesses and 

trade, and wage labor? What is the relative 

importance of these activities to the household 

economy? 

E. Do local people engage in seasonal migrations for 

agriculture or wage labor? 

F. What different social strata are present, based on 

productive activities (agriculture, grazing, wage 

laborers, artisans, merchants) and different sized 

landholdings: and what are the relationships 

between different groups? 

F. What are the most important community needs and 

development objectives, such as roads, schools, 

health care, marketing opportunities for 

agricultural and other products, and need for 

loans and capital? 

---------~--------------- -- ----------------
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Results of the Sondeo 

The remainder of this chapter presents the results of 

the application of the above sondeo to the northern sector 

of Braulio Carrillo National Park. Socio-economic 

information was collected only on the western side of the 

northern sector. The information collected in the sondeo, 

which was administered over a three week period in April of 

1989, is supplemented in several places by data from a 

questionnaire on park-local people relationships that was 

administered in the community of San Ramon in october of 

1989. I deferred collecting this data until later in order 

not to damage my relationship with local people by being too 

closely associated with the park. 

Biological Diversity Issues 

Park Size and shape issues: Size: The overall size of 

the park, 44,901 hectares, makes it one of the largest parks 

in Costa Rica. Only one Costa Rican park is larger, the 

207,298 hectare La Amistad National Park. The size of the 

park thus appear adequate. 

Shape and edge effects: The main part of the park, the 

southern sector, has a shape that is well suited to 

protecting the park's resources, aside from some minor 

twists and turns in the boundary in several places. The 

northern sector is 18 km long and averages 3 to 4 km in 

width. This long, thin shape is among the worst shapes :;;or 

- -----------
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conservation purposes. The high edge to area ratio 

resulting from this shape means that virtually the entire 

norther sector is subject to ecological influences from 

adjacent lands. Human incursions across park boundaries are 

also difficult to control because of the edge to area ratio. 

Species and ecosystem considerations: Presence of key 

habitats: Braulio Carrillo National Park's most unique 

feature is the protection of an altitudinal range of 

habitats. A 35 km long transect runs from Barva Volcano, 

the park's highpoint with an elevation of 2906 meters, to 

the La Selva Biological Station, with an elevation of 36 

meters (Araya et ale 1988). Sufficient upland habitat is 

protected in the southern sector of the park, but the 

northern, lowland sector of the park has a very small area, 

and contains insufficient habitat to adequately protect the 

lowland ecosystems and species. The elevational transect is 

important not only for providing a diverse range of 

habitats, but because many species, particularly birds, 

engage in seasonal altitudinal migrations (stiles 1985). 

Loss of either of the seasonal habitats could be devastating 

for such al ti tudinal migra.nts. 

Endangered species: The park provides habitat for a 

number of endangered Costa Rican species (Hartshorn et ale 

1982; Janzen 1983; Timm et al 1989). These species include 

the following mammals: margay (Felis wiedii), mountain lion 

---------
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(F. concelor), ocelot (F. pardalis), jaguar (F. onca) , 

Baird's tapir (Tapirus bairdii), howler monkey (Alouatta 

palliata), spider monkey (Ateles geoffroyi), and white-faced 

monkey (Cebus capucinus). The park also provides habitat 

for the following endangered birds: black-and-white hawk

eagle (Spizastur melanoleucus), ornate hawk-eagle (Spizaetus 

ornatus), black hawk-eagle (S. tyrannus), great curassow 

(Crax rubra), and quetzal (Pharomachrus mocinno). 

Threatened bird and mammal found in the park include many 

diurnal birds of prey, the great green macaw (Ara ambigua), 

paca (Agouti paca) , silky anteater (Cyclopes didactylus), 

river otter (Lutra longicaudis annectens), and a number of 

songbirds (Hartshorn et ale 1982). 

Critical ecosystems: Braulio Carrillo National Park is 

one of the few places in the tropics where a continuous 

forest tract is protected fr~m lowland wet to montane rain 

forests (Loiselle and Blake 1988). As an example of the 

significance of the habitat protected, over 70% of Costa 

Rica's land birds are found in the park, and the park 

provides critical habitat for many of these species 

(Loiselle and Blake 1988). 

Relationship Between the Park and Local People 

Impact of local people on the park. Hunting: Game has 

largely been depleted outside the park. Prior to 

establishment of the park, when colonization was active in 
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what is now the park, both market and subsistence hunting 

were common in the region. Selling of meat appears to have 

been largely confined to the local market. Since the 

purchase of the protection zone, which closed the frontier 

in the region and stopped large scale land clearing of 

primary forest for farm development, the number of people 

working at the forest edge has been significantly reduced. 

This, combined with park protection activities, has ended 

most market hunting in the region. Wild game is now 

consumed only infrequently, if at all, by most people living 

adjacent to the park. Some market hunting is still 

practiced, not out of necessity, because ample wage labor 

opportunities exist in the region, but by a few individuals 

who prefer a more independent lifestyle. Some wage laborers 

will occasionally mount hunting expeditions on their days 

off, but these seem to be as much for sport as for 

subsistence or sale. Fishing is also an important sunday 

recreational activity. People who live closer to the park 

probably include more wild animals in their diet, both due 

to their greater presence and due to increased difficulty of 

keeping small domestic animals because of predation by wild 

animals. While incursions into the park for hunting occur, 

they probably do not seriously threaten many species in the 

area. The most vulnerable species are the white-lipped 

peccary ("chancho de monte," Tavussu pecari), already 

---------
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believed to be extinct and the tapir ("danta," Tapirus 

bairdii), already rare in the region. A large variety of 

species are hunted, but the most sought after species are 

the paca ("tepescuintle," Agouti paca) , collared peccary 

("saino", Tayussu tajacu), and large birds such as tinamous 

("gongolona" or "gallina de monte"; Tinamidae), and guans 

and chachalacas ("pavas"; Cracidae). 

Gathering and collecting: The principal collected 

forest product is heart of palm, which may come from any of 

several palm species. The entire palm is killed in the 

collection process. Collection of vines for baskets exists 

at a low level, generally for the weaving of baskets for 

sale by a few landless people in the region. until 

recently, buyers of vines came regularly to the region, and 

vine collection was more widespread. Many people, 

particularly those in more remote regions, collect birds 

(generally parrots or songbirds) and ornamental plants for 

decorative use outside their houses. No trade in wild birds 

or wild plants was observed or heard about during the study. 

Some medicinal plants are used by residents in the region, 

but most are maintained in gardens and not collected from 

wild sources. 

Agricultural incursions: There is no problem with 

agricultural invasions on national park lands in the San 

Ramon region. 

---._------
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watershed effects: The fact that the boundaries of the 

park are rivers makes boundary definition simple without 

marking. The disadvantage is that half the watersheds of 

these rivers lies outside the park, and thus the rivers are 

influenced by forest clearing and agriculture on these 

lands, including changes in water run-off patterns, chemical 

pollution, and siltation. 

Agro-chemical drift: Since most land immediately 

adjacent to the park is in forest or extensive pasture on 

which agrochemicals are not used, airborne agrochemical 

drift is not a problem. It is likely that herbicides are 

carried into the park by streams, impacting aquatic 

organisms. 

Impact of the park on local people. Crop damage or 

livestock loss from park wildlife: The most commonly 

reported problem animals are generally disturbance-adapted 
" 

animals rather than animals that range outward from the 

park. The principal animal pests include pocket gophers 

(Utaltusa,u Orthogeomys spp.), which eat root crops; and 

certain birds--parrots (especially UChucuyosU), doves, and 

finches, which eat seeds. Other reported problems are 

vampire bats parasitizing horses and cows; snakes, 

principally the boa (Ubequer,u Boa constrictor) and the fer

de-lance (Uterciopelo,u Bothrops asper), killing young 

calves; birds of prey and small mammals, such as the opossum 

. - -_. - ----------
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("zorrilla," Didelphis marasupalis) preying on chickens; 

oropendulas and toucans eating peach palm ("pejibaje") and 

other fruits; and rodents eating young agricultural plants. 

In spite of the presence of jaguars ("tigre," Felis onca) 

and mountain lions ("le6n" Felis concolor), residents could 

remember only one incident of livestock loss in recent years 

in the San Ram6n region, which occurred on a large, 

absentee-owned cattle ranch bordering the park. Many people 

have sighted large cats on their land, and a few reported 

losing dogs. 

Loss of lands of traditional use: While the people 

pre~ent are relatively recent migrants, the purchase of the 

protection zone withdrew lands from local uses, which 

included hunting, agriculture, and wage labor. Agricultural 

lands were purchased, but wage laborers on these farms 

received no compensation. Eighty percent of San Ram6n 

households had one or more members who had visited park 

lands prior to their inclusion in the park. The most common 

reasons for these visits were for hunting or working (see 

Table 1). Only 16.3% of San Ram6n households have a member 

who has visited these lands since the park was established, 

and these are generally school children in environmental 

education programs, but also include a few people who 

admitted hunting in the park. These figures show that park 

lands have been largely withdrawn from use by local people. 
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Table 1. Reasons given by San Ram6n residents for going to 
park lands prior to park establishment. 

Hunt only 
Hunt and Work 
Owned land 
Work only 
Buy or sell animals 

N 

8 
8 
4 
3 

_3_ 
26 

% 

30.8 
30.8 
15.4 
11.5 
11.5 

100 

Loss of opportunities to settle new lands: Purchase 

of the protection zone effectively closed the frontier in 

San Ram6n. Colonization of new agricultural lands can now 

only be done by purchase, which is difficult, or by 

migrating elsewhere. 

Benefits received by local people from the park;;.' 

Ninety percent of San Ram6n residents said they received 

some benefits from Braulio Carrillo National Park. The 

benefits given reflected the themes of park service 

environmental education programs. Benefits (see Table 2) 

included watershed benefits and the heritage value of, 

wildlife. They also included protecting trees and animals, 

which for many people seemed to mean for later consumption. 

Since the park is unlikely to ever be open to extractive 

uses, there may be some false expectations present. Several 

people did note that conservation of wildlife in the park 

will increase huntable wildlife outside the park. 



Table 2. Benefits San Ramon households feel that they 
receive from Braulio Carrillo National Park. 

Conserves animals 
Conserves trees 
will benefit their children 
Protects water 

N 

21 
14 

9 
7 

% 

72.4 
48.3 
31.0 
24.1 

Multiple responses were possible. N = 29. 
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watershed benefits: Although many people in San Ramon 

mentioned watershed benefits coming from the park, because 

of the topography in the region, the watersheds of the 

streams protected by the park actually do not flow through 

the study areac The principal beneficiaries of the park's 

watershed protection are areas north of the park. 

Agricultural benefits: Since there is little 

agriculture in the region, pollination benefits from the 

park are not clearly evident. The presence of many raptors 

in the region should have some effect on the rodent 

population, though rodent problems are still widespread. 

Raptors also have a negative aspect, since they may kill 

small domestic animals. 

Employment benefits: The park provides very few 

employment benefits in relation to the number of people in 

the area. only one local person was employed as a park 

----------



ranger during 1989, and that person has since resigned. 

While the tourism industry is developing in the region, 

including the La Selva Biological Station, Selva Verde 

Lodge, and whitewater rafting on the Sarapiqui River, the 

few local people that are employed generally come from the 

larger towns along the highway. Only one person was 

encountered in the study area who worked in the tourism 

industry. That person worked as a gardener at a tourist 

lodge. 
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Product marketing opportunities: While La Selva 

Biological station and the tourist establishments in the 

region make efforts to purchase food locally, this primarily 

benefits merchants in the larger towns of the region. 

Activities related to the park generate very few 

opportunities to market products for landholders in the 

study area. 

Recreational and educational uses of the park: The 

park affords few recreational opportunities due to the 

rugged terrain and lack of public use facilities. The park 

environmental education program visits schools and 

occasionally takes students to the park; these visits are 

highpoints of the school year to those who are able to 

participate. 

community services provided by the park: The park has 

sponsored and assisted with a variety of community 
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development activities in San Ram6n, including a yearly 

cultural week with sporting events, children's games, 

presentations, movies, contests, and other activities. The 

park occasionally shows nature movies in the town. Park 

rangers are active on local sports teams. 

Presence of park programs related to local people. 

Braulio Carrillo National Park has a relatively strong 

management presence. The annual budget in 1988 from all 

sources totaled US$ 156,998, although most of this was for 

personnel. In 1988 the park had 36 employees, 19 of which 

had their salaries paid by the Costa Rican National Park 

Service, and 17 of which had their salaries paid by the 

private National Parks Foundation. These employees were 

distributed between 5 ranger stations, two of which border 

the north sector of the park (Magsasay and EI Ceibo, 

although Magsasay was closed during 1989 for 

reconstruction). Operating funds are very limited, and in 

1988 totaled $17,300, of which $7,300 were park service 

funds and $10,000 were park foundation funds. (Araya et al. 

1988). 

Protection: Park rangers perform regular anti-poaching 

patrols in the region, operating out of the El ceibo ranger 

station near San Ram6n. While poachers are sometimes 

apprehended, and some resentment may exist on the part of a 

few community members, in general there is not a 
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confrontational relationship between San Ram6n residents and 

park rangers. 

Environmental education: The north sector of the park 

has two rangers who specialize in environmental education 

working out of the El Ceibo ranger station. These rangers 

visit the region's schools regularly to present programs and 

also engage in other community relation activities. 

Extension activities: The park has no involvement in 

agricultural or economic development extension activities. 

Park rangers in the region are interested in extension 

activities, but lack the necessary resources. The proposed 

USAID-sponsored FORESTA project has the objective of 

establishing a buffer zone of forest lands managed for 

timber production around the park. 

Attitudes of local people towards the park. The 

community of San Ram6n has been generally supportive of the 

park. Disappearing wildlife and rapid deforestation support 

the park environmental education program's message that, 

without the park, wildlife and forest will disappear in the 

region. There is less understanding of why the park is 

absolutely protected. One resident questioned why people 

weren't allowed to harvest trees when leaf-cutter ants kill 

hundreds of trees, and the park does nothing to control the 

ants. Protection efforts on park lands are generally 

accepted as fair, although enforcement of laws against 

.---------
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forest clearing in the protection zone that extends 300 

meters into private land from the park boundary is objected 

to by owners and managers of the affected farms. Of the 

people affected by purchase of lands for the 1983 park 

extension, former landholders, who were compensated, seemed 

to have few objections to the purchase. Many wage laborers 

lost employment but received no compensation; these people 

generally expressed greater resentment towards the 

establishment of the park. 

socio-Economic situation of Local People 

Description of productive activities adjacent to the 

park: Indigenous inhabitants or more recent migrants: 

There are no indigenous inhabitants in the region. Most 

residents have migrated to the area within the past two 

decades. 

Agricultural production: Cattle grazing is by far the 

dominant land use. Large landholdings have beef cattle, 

either for sale of mature or young animals; small 

landholders have a mixed dairy breed for cheese production. 

Permanent cash crops, such as coffee and black pepper, are 

being planted by some people. While most households plant 

root crops, and some households plant grains, for home 

consumption, these items are not planted for sale. Reasons 

given for not engaging in crop agriculture are heavy 

rainfall and poor soils. Most food is purchased. 
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Forest products: Hunted and gathered products have 

been discussed above. Non-timber species are readily 

available for firewood and can generally be obtained either 

from a household's own land or from a neighbor or relative 

at no cost except transportation. Timber for house 

construction, like firewood, is generally obtainable for 

little or no cost, although occasionally it is purchased. 

The lumber used for house construction is generally milled 

locally with a chain-saw mill. While many people mention 

their desire to keep a woodlot to meet future fuelwood and 

timber needs, this is generally only a very small percentage 

of their land. Most people feel they have a surplus of 

trees, and not a shortage. 

Non-agricultural activities: Artisanal activities are 

rare; only a few people weave baskets from vines to 

supplement their income. Some people process agricultural 

items for sale, such as boiling sugar cane into sugar or 

processing annatto (liachiote ll , Bixa orellana), but this is 

engaged in only by a few people with small or underdeveloped 

farms who choose not to engage in wage labor. In San Ramon 

and other communities, there are abundant wage labor 

opportunities on plantations that pay the national minimum 

wage plus benefits, and offer an economically attractive 

alternative to farming. Some employment also exists on 

large cattle ranches, both as laborers and as managers of 



landholdings with absentee holders. The ornamental plant 

farm in San Ram6n provides employment to about 75 people, 

including a number of women in the packing plant. 
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Seasonal migrations: While a few people may migrate to 

higher coffee regions seasonally to earn cash, for the most 

part there are sufficient wage labor opportunities available 

in the study area year around. There are no large scale 

seasonal migrations. 

Social strata present: Land distribution is widely 

skewed, including landless and near landless wage laborers, 

small (10 to 20 hectare) landholders (many of whom have land 

parcels awarded by the government), medium landholders (20 

to 60 has.), and large absentee farms. 

Community needs: Local schools are present. Health 

care is available in nearby towns but requires a full day 

for travel and doctor visit. A doctor is scheduled to visit 

San Ram6n every month, but actually only visits several 

times a year. A dentist comes for the school children twice 

a year. The road to San Ram6n has recently been improved to 

the point it is nearly always passable without 4-wheel 

drive: but there is no public transportation over this 5 kID 

stretch of road. Roads beyond San Ram6n require 4-wheel 

drive much of the year. Agricultural produce is generally 

sold to middlemen who visit the area periodically. Poor 

access to markets, due to the remote location and 

-- - _.- ----------------
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unavailability of local transport, is exacerbated by the 

poor roads. 

Conclusions 

The information collected in the sondeo provides an 

overview of the relationship between Braulio carrillo 

National Park and adjacent lands and people1
• The park is 

relatively well accepted by its neighbors, although it 

provides few material benefits to them. This seems to be 

primarily a result of the efforts the park rangers have made 

to integrate themselves into local communities, both through 

The sondeo enabled rapid collection of information 
about the relationship between the park, adjacent lands, and 
local people. This information enabled the identification of 
key issues for in-depth exploration with a household survey. 
It also provided summary information useful in management 
planning. Because of limited funding and time, information 
collecting for projects involving national park buffer zones 
or other conservation and development strategies will often be 
limited to rapid appraisal techniques such as the sondeo. 

Although the sondeo is an important tool for rapid 
assessment, full understanding of the relationships between 
different socio-economic factors and land use choices will 
often require careful collection of data such as labor inputs, 
cash expenditures, and retllrns from products sold from 
representative samples of the population. This data can only 
be collected by in-depth household surveys. Honest and 
accurate responses to questions of this nature often require 
several months of living among respondents in order to build 
trust. Several households included in this study claimed to 
have more land or cattle than they actually had when 
interviewed for the sondeo, admitting later during in-depth 
interviews that they had exaggerated. Furthermore, collecting 
accurate economic and labor investment data from people who 
keep no written records--and may see no reason to do so-
requires either long interviews to reconstruct activities over 
the past year, recording of this data in journals by 
households, or frequent and repeated visits to households to 
track labor and cash inputs. 

--------------
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involvement in community activities and through the 

environmental education program. It is also a result of the 

availability of wage labor opportunities that reduce local 

reliance on park resources. If wage labor opportunities are 

reduced for any reason, park resources could be more 

seriously threatened by boundary incursions. At the present 

time, park boundaries are relatively secure; while some 

incursions occur, park rangers conduct regular patrols and 

the incursions are not a major threat to the park ecosystem. 

The greatest threat to the park ecosystem results from 

the small size and narrow shape of the northern part of the 

park, which protects critical lowland habitats. The problem 

will soon be critical due to the rapid rate at which forests 

outside of the northern sector of the park, whose presence 

has up to now masked the park size and shape problem, are 

being converted to pasture. This conversion is being 

carried out by recent migrants from other parts of costa 

Rica, and includes a wide range of social strata and 

different sized landholdings. 

Protection of the park's biological resources depends 

on both stemming the tide of colonists and maintaining 

habitats with conservation value on private lands outside 

the park. The remaining chapters of the dissertation will 

explore in depth several topics that underlie these needs: 

1) understanding the colonization process on lands adjacent 

--_ .. -.-------



57 

to the park; 2) understanding the rationales behind existing 

land uses; 3) development of more sustainable land uses 

based on existing land use patterns; and 4) the value of 

different adjacent land uses for the conservation of the 

park's biological resources. 



BIOLOGICAL ASPECTS OF LAND USE 
ADJACENT TO BRAULIO CARRILLO NATIONAL PARK 
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Recent research and theoretical developments in 

conservation biology suggest that many national parks and 

reserves may be too small for adequate long term protection 

of the species and ecosystems contained within them (Soule 

1987; Newmark 1987). In many cases, reserves with absolute 

protection cannot be made any larger due to the social, 

economic, and political constraints imposed by human use of 

surrounding lands (Oldfield 1988). A variety of ideas, 

including biosphere reserves (UNESCO 1984), buffer zones 

(Oldfield 1988), and less strictly protective management 

categories for reserves (McNeely 1984), have been proposed 

to expand the amount of natural habitat available beyond 

that in national parks and other strictly protected reserves 

while still permitting some human use to meet sUbsistence 

and economic needs. These ideas to date exist more in 

theory than in practice; there are few fully working 

examples of buffer zones or biosphere reserves (Oldfield 

1988; Janzen 1989). One requirement for successful 

implementation of these strategies is careful analysis of 

the biological and socio-economic aspects of conservation 

and development for each individual protected area. This 

chapter reports the results of an analysis of the biological 

aspects of adjacent land uses for the Braulio Carrillo 



National Park/La Selva Biological station complex in costa 

Rica. 

Key Elements for Protecting the Biological 
Diversity of Parks and Reserves 
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A review of the literature reveals five groups of 

factors that must be considered when protecting biological 

diversity in national parks and other reserves: 1) habitat 

and ecological considerations; 2) adequate population size 

and area requirements; 3) edge effects; 4) 

interconnectedness of ecosystem elements; and 5) human-

related external threats. These factors are complex and 

their influence varies with ecosystem type. They have 

received detailed coverage in the literature in recent 

years. A brief summary of the key points discussed in the 

literature, with special attention to tropical forests, will 

be presented here. 

Habitat 

Perhaps the most basic factor for protecting an 

ecosystem in a park or preserve is the inclusion of all of 

the necessary habitats required by the different component 

species. Special attention must be paid to breeding habitat 

(Zimmerman and Bierregaard 1986), areas of seasonal use and 

migration routes (Janzen 1986), and the presence of specific 

environmental features required by some species, for example 

running water (Zimmerman and Bierregaard 1986). Inclusion 

----------
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of all of the necessary habitats is made difficult by 

patchiness in the environment (Lovejoy and Oren 1981), which 

increases the overall area that must be protected in order 

to ensure that all different habitats are included. 

Population Size and Area Requirements. 

In addition to the presence of the necessary habitats, 

the population of a species in a reserve must include a 

minimum number of individuals to ensure long-term survival 

of the species. A minimum viable population (MVP) of a 

species must be large enough to withstand two categories of 

threatening factors: 1) intrinsic factors, such as 

demographic stochasticity, genetic deterioration, and social 

dysfunction; and 2) extrinsic factors, such as disturbance 

or patch dynamics, disease, environmental stochasticity, and 

catastrophe (Soule 1984). For short and long term survival 

of populations, MVPs have been estimated to be about 50 and 

500, respectively (Soule 1984). These numbers are very 

rough, and should not be regarded as magic numbe~s or rules 

of thumb (Soule 1987: Woodruff 1989). But MVP numbers, 

combined with area requirements for a given species, give 

some indication of the size of the reserve necessary for 

successful long term conservation of that species, assuming 

no management intervention. The area requirements for the 

MVPs of some species may be so large that they cannot be met 



61 

by any but the largest parks and reserves (Soul~ 1987). But 

it should be noted that viable populations smaller than 

these minimum viable population numbers may be able to be 

maintained through active management of populations. 

Edge Effects. 

Patches of natural habitat in the midst of disturbed 

habitat will suffer from edge-related effects that extend 

into the natural habitat. One edge effect is a change in 

microclimate; tropical forest edges receive more sunlight 

and wind, reducing humidity and resulting in vegetational 

changes (Lovejoy et al. 1986). Another edge effect is 

invasion of disturbance-adapted generalists or exotic 

species into the reserve that either consume or displace 

primary forest species (Lovejoy et al. 1986; Janzen 1986). 

Estimates of the distance for which edge effects will be 

present varies for different types of organisms. Most 

vegetative changes and predations will be confined to less 

than 1 kilometer into the reserve (Hubbel and Foster 1986; 

Wilcove et ale 1986; Lovejoy et al. 1986), but some may be 

expected up to 5 kilometers into a reserve and further in 

the case of wide ranging vertebrates and the seeds they 

carry (Janzen 1986). 
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Interconnectedness of Ecosystem Elements. 

The diversity and complexity of tropical forest 

ecosystems means that changes in population or the loss of 

species in the ecosystems can have second order effects on 

other species. One example is the dependence of many rare 

and widely dispersed trees on specialized animal pollinators 

or dispersal agents for successful reproduction. Pollinator 

and disperser species must depend on additional species 

between blooms and seed production, for which they may need 

to range widely (Hubbe1 and Foster 1986). Elimination or 

reduction of the numbers of one species can result in the 

absence of po11inat~rs or seed dispersers for other species. 

Other examples of interrelationships include the dependence 

of some amphibians in the Amazon on white-lipped peccary 

wallows, and the dependence of ant-following birds on the 

presence of several colonies of widely-ranging army ants 

(Lovejoy et al. 1984). 

Human-related External Threats. 

In addition to biological and ecological factors, there 

are a number of human-related external influences on plant 

and animal populations in parks and reserves. Pesticide 

drift can be especially damaging to insects and arthropods. 

streams that are not entirely included in a protected area 

can bring in agrochemica1s, or be subject to silting, 

flooding, and modified water flows as a result of 

--------
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deforestation, agriculture, or upstream erosion (Janzen 

1986). Fires set on agricultural lands can spread into 

parks (Janzen 1986); and hunting and gathering pressures can 

eliminate or reduce numbers of some species. 

Braulio Carrillo National Park and Adjacent Lands 

One of the most significant aspects of the Braulio 

Carrillo National Park/La Selva Biological station complex 

(hereafter referred to simply as the park) is the protection 

of a continuous altitudinal gradient of habitats ranging 

from Barva Volcano (2,906 meters elevation) to La Selva 

Biological station (36 meters). The higher (southern) 

portions of the park are well protected by the size of the 

park and the adjacent forest reserve. The southern sector 

of the park contains 18,634 hectares of premontane rain 

forest' (800 to 1,450 meters) and 15,132 hectares of lower 

montane rain forest (1,450 to 2,500 meters), along with a 

small amount of montane rain forest at the top of Barva 

Volcano (2,500-2,906 meters). The northern and narrowest 

sector of the park protects much less habitat--2,604 

hectares tropical wet forest (35-250 meters); 3,412 hectares 

of tropical wet, cool transition forest (250-600 meters); 

and 4,355 hectares of premontane, perhumid transition (600 

to 800 meters elevation), and is not buffered by the forest 

Based on Holdridge Life Zones (Holdridge 1967; Tossi 
1969). 
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reserve. Protection of the small area of lower elevation 

life zones is complicated by the long, narrow shape of the 

northern sector. This sector is 18 km long and has an 

average width of 3-4 km, meaning that virtually the entire 

sector will be subject to strong edge effects if it is 

completely isolated. In addition, some of this land was 

previously colonized: only 73% of the corridor between the 

larger, southern sector of the park and La Selva Biological 

station is primary forest. (Figures are from Hartshorn and 

Perralta 1988: and Pringle 1988.) 

The northern sector, the lower elevation zones, is 

clearly the least protected part of the park. Large amounts 

of the private land to the west have been cleared of forest 

and converted to pasture. While considerable forest remains 

on private land to the east, forest clearing is on-going 

(Hartshorn 1986). 

Research Methods 

The northern section of the park was selected for this 

study of the biological and socio-economic aspects of land 

use adjacent to the protected land. The presence of La 

Selva Biological Station, a tropical research station of 

global significance (Clark 1988), provided a unique 

opportunity to assess biological diversity issues related to 

changing land use adjacent to the protected areas. A sample 

of 75 biologists was selected from a list of researchers who 



65 

had worked at La Selva during 1988 and 1989, selecting only 

those whose research had an ecological focus. A 

questionnaire (Appendix A) was sent to each of these 

biologists asking them to: 1) identify species or groups 

that might be particularly threatened by land uses changes 

outside the protected area, and 2) to evaluate the impact of 

13 different adjacent land uses on the biological resources 

of the protected area. The questionnaires were administered 

according to the Total Design Method (Dillman 1978). 

Fifteen questionnaires were either undeliverable or could 

not be completed due to lack of knowledge. Of the remaining 

60 questionnaires, 54 completed questionnaires were received 

for a response rate of 90%. Of the individuals completing 

questionnaires, 35.8% rated themselves as very familiar with 

the park and adjacent lands, 30.2% as moderately famili(~r, 

30.2% as slightly familiar, and 3.8% as not familiar. The 

two questionnaires filled out by people who said they were 

not familiar with the region were discarded. For the 

remaining questionnaires, no significant differences in 

responses were found for different degrees of familiarity. 

Elements of the Braulio Carrillo National Park Biota 
likely to be Endangered by Adjacent Land Uses 

At present, the only mammalian species known to have 

been eliminated from the region are the harpy eagle (Harpia 

harpyja) (Greene 1988), the white-lipped peccary (Tayussa 
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pecari) (Greene 1988), and the giant anteater (Myrmecophaga 

tridactyla) (Timm et a1. 1989). But the relatively recent 

and increasing insularization of the park threatens many 

more. Information provided by respondents to the 

questionnaire, along with that available in scientific 

publications, suggests eight types of threats that are 

likely to endanger or drastically reduce species in the 

park. It should be stressed that the following discussion 

is organized primarily around ecological factors, and while 

individual species or broader taxonomic groups will be 

mentioned where possible, the listing can in no way be 

regarded as complete. Little studied groups such as 

insects, reptiles, and amphibians are under-represented in 

the listings due to lack of knowledge. 

Large Home Ranges 

The park is unlikely to be able to adequately protect 

animals with large home ranges, either because it cannot 

contain sufficient numbers of individuals or because these 

animals tend to stray out of the park, where many are 

persecuted by humans. Threatened animals in this category 

include large predators [especially the jaguar (Felis onca) 

and the mountain lion (Felis conco1or)], raptors (especially 

eagles and hawk eagles), and parrots and macaws. 
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Species Requiring Primary Forest 

Some species are only found in the interior of primary 

forest, and thus will be strongly affected by increasing 

disturbed and second growth habitats. Threatened animals in 

this category include the bushmaster (Lachesis muta) , 

brocket deer (Mazama americana), some song birds2
, tapir 

(Tapirus bairdii), some primates, tree frogs, and other 

reptiles. 

Rare and Widely-dispersed Plant species 

These species are threatened because of their reliance 

on birds and mammals for pollination and seed dispersal. 

Plant species may be functionally extinct long before the 

disappearance of the last individuals if pollinators and 

seed dispersers are no longer available to facilitate their 

reproduction and establishment (Lovejoy et ale 1983). 

Threatened plants in this category include some tree species 

and some orchids. 

Altitudinal Migrants 

Recent research in the park by Loiselle and Blake (in 

press) and stiles (1988) suggests that a significant number 

of bird species (20 to 30 percent) (Loiselle and Blake (in 

press) and stiles (1988» are altitudinal migrants. These 

2 stiles (1984) reports that of 400 bird species at La 
Selva, 125 are restricted to interior primary forest. 
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species are mostly nectarivorous or frugivorous, and follow 

the flowering and fruiting of trees and other plants as they 

occur in different altitudinal zones (see Loiselle and 

Blake, In Press). stiles has stated that "on the Caribbean 

slope of Costa Rica, any preserve that fails to include a 

very wide band of elevations, regardless of size, cannot 

maintain viable populations of many nectarivorous and 

frugivorous birds" (stiles 1988:255-256). Forty-nine 

percent of the tree species of La Selva have fruits 

primarily or exclusively dispersed by birds (Hartshorn 

1979), and the role of altitudinal migrants in the forest 

ecosystem of the park is extremely important (stiles 1983). 

Edge effects 

Impacts on forest species caused by disturbance of 

adjacent lands include increased competition for food and 

nesting sites and direct predation, as disturbance species 

invade the forest. Two examples cited by respondents are 

nest predation on birds of the interior forest by cowbirds; 

and displacement of some native bat species by vampire bats 

(Desmodus rotundus). Vampire bats may increase in number 

near forest edges due to the presence of cattle on adjacent 

pasture lands. As their number increases they displace 

other bats from roost sites in hollow trees. 



Dependent Species 

Understory species, including plants, insects, and 

reptiles, may be extremely susceptible to disturbance or 

changes in the forest canopy. Little is known about these 

impacts. 

Indirect Human Effects 
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Indirect impacts on protected area resources from human 

activities on adjacent lands include contamination of 

streams with agrochemicals, silting, and flooding, which are 

especially damaging to aquatic insects and fish. 

Direct Human Predation 

Several categories of species are directly persecuted 

by humans: 1) agricultural pests, 2) species presenting a 

danger to humans, 3) economically valuable species, 4) food 

species. Among the animal species most persecuted by humans 

in the region are the cats, crocodilians, snakes, macaws and 

parrots, peccaries, paca (Agouti paca) , brocket deer, and 

several large birds, including tinamous (Tinimidae), and 

guans and chachalacas (Cracidae). Orchids and palms are 

among the plants collected for food or sale. 

Impact of Adjacent Land Uses on Park Resources 

Land use on both sides of the northern sector of the 

park has been changing rapidly in recent years, with the 

most notable change being increased conversion of forest to 
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pasture (Butterfield in press). The east side of the park 

still has considerable forest cover. A recent survey of 

actual land use found 61% of the land in a 19,860 hectare 

block on the east side was still in forest, with most of the 

forest being in a 6 to 8 kilometer band immediately adjacent 

to the park (Tropical Science center 1988d). The vegetation 

on the west side has undergone considerably more 

modification. My survey of landholders, which covered 6,959 

of the 14,569 hectares on the west side, found 65% of the 

land in pasture and only 29% in forest; 3% of the land was 

in permanent crops and another 3% was in weedy second 

growth. 

The loss of forest cover, the limitations (small 

overall size and narrowness) of the northern sector of the 

park, and the potential impacts to the park's biological 

diversity outlined above suggest that efforts should be 

undertaken to encourage land uses outside the park that 

would be more compatible with conservation of the park's 

biological resources. The biologists surveyed were asked to 

evaluate 13 different land uses that were occurring or could 

be promoted outside the park in terms of their likely impact 

on the park's biological resources. The limitations of this 

approach were well understood in advance. No consideration 

could be made for different spatial patterns of land uses 

and environmental features that would occur in an actual 
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situation, and little research on the ecological value of 

modified habitats has been undertaken to date. Responses 

are thus necessarily general and somewhat speculative. But 

it was believed that, in the absence of detailed biological 

research, the expert opinions of biologists familiar with 

the region would provide some guidelines for the management 

decisions that need to be made immediately due to the rapid 

rate of forest conversion and the slowness with which land 

uses changes can be brought about. 

Natural Forest 

The responses to the survey are summarized in Table 1. 

There are several patterns in the responses that should be 

highlighted. The first is the fact that only the various 

forms of forest management involving native species had 

positive value for the conservation of the park's biological 

resources. Not surprisingly, completely protected fore~t 

(1) had the highest value; such forest is basically the 

equivalent of national park status. The relatively high 

value of forest management with natural regeneration (2) 

should be noted, since this method involves harvesting of 

trees in patches or strips. This forest management system 

is designed to simulate natural gaps in the forest, an 

important element in the diversity and dynamics of tropical 

forests, and to provide economic returns from tropical 

forest without destroying their biological habitats 



72 

Table 3. Ranking of land uses or conditions that could 
occur outside Braulio Carrillo National Park and La Selva 
Biological station in terms of potential impact on park 
resources. 

1. Natural forest with no tree cutting, 
hunting, or gathering permitted. 

2. Forest management with natural 
regeneration. 

3. Natural forest with no tree cutting 
permitted, but with hunting and 
other harvesting permitted. 

4. Plantation forestry with 
native species. 

5. Second growth bushes and 
small trees (licharral ll ). 

6. Mix of secondary forest, 
tree and perennial crops, 
pasture, and annual crops. 

7. Agroforestry systems: Annual 
crops mixed with trees. 

8. Silvo-pastoral systems: 
Pasture combined with trees. 

9. Fruit trees. 

10. Perennial crops 

11. Plantation forestry with 
non-native species. 

12. Annual crops. 

13. Cattle pasture with scattered 
native trees in the pasture 
and natural forest along streams. 

4.73 .75 

3.74 1.15 

3.22 1.33 

3.10 1.25 

2.64 1.12 

2.54 1.07 

2.43 1.17 

2.35 1.03 

2.16 1.05 

1.82 .85 

1.66 .85 

1.52 .81 

1.45 .92 

Scale: 1 = great harm to park resources. 2 = slight harm 
to park resources. 3 = no impact on park resources. 4 = 
slight benefit to park resources. 5 = great benefit to park 
resources. N = 52. 
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(Hartshorn 1989). The lower ranking of protection forest 

with hunting and other harvesting permitted (3) appears to 

reflect fears that such hunting and other harvesting cannot 

be adequately controlled at sustainable levels, and would 

thus result in over-harvesting of key species with far

reaching second order effects on the ecosystem. 

Plantation Forestry 

Plantation forestry with non-native species had a much 

lower rank (11) than plantation forestry with native species 

(4). Lovejoy and Oyens (n.d.:31) suggested that there may 

be little difference in value between native and non-native 

plantations, since few animals of the primary forest--those 

of greatest concern--will make use of plantations of any 

type. But Lovejoy and Oyens (n.d) also pointed out that 

fruit-producing species in plantations may be of value as a 

supplementary food source for frugivorous animals. In the 

case of Braulio Carrillo, forest plantations with native, 

fruit producing species may help to sustain important 

disperser species that might otherwise disappear. 

Other Tree-based Land Uses 

The relatively low ranks of agroforestry (7) and silvo

pastoral systems (8), fruit trees (9), and non-native 

plantations (11) suggests that clear distinctions must be 

drawn between different tree-based land uses. As 



modification of the natural environment increases in tree

based land use systems, much of their value for the 

conservation of biological diversity is lost. 

Annual Crops and Pasture 
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Annual crops (12) and pasture (13) ranked at the bottom 

of all land uses. Pasture ranked the lowest even when it 

included some trees left standing in pasture and natural 

forest retained along water courses, the condition commonly 

found in the region. There have been several suggestions 

that these factors may mitigate the impact of pasture. 

Nadkarni (1988) found that isolated trees in pastures are of 

value for a large number of tropical bird species, and 

Pringle (1988) suggested that forested river gorges can 

serve as corridors for the movement of forest birds. The 

results of this survey, however, suggest that widespread 

conversion of forest to annual crops or pasture is 

devastating to biological diversity. 

Mixed Land Uses 

The relatively high rank of a mix of land uses (6) is 

important. This option was different than other options on 

the list, because it incorporates many of the other land 

uses. Land uses such as annual and permanent crops are 

unlikely to occur as the only land use over large land 

areas. The mixed option also is important because a mosaic 



of annual cropping, virgin forests, pastures, and tree 

plantations may be an ideal goal for sustainable land uses 

for the tropics (Sanchez et ale 1982). The higher ranking 

of this option reflects the fact that a diversity of 

disturbed habitats will be more beneficial than any single 

disturbed habitat. 

Sharply Contrasting Land Uses 
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It is important to mention one argument that runs 

contrary to the conventional wisdom that the land uses that 

least modify the natural forest are th~ most preferable for 

conserving biological diversity. Janzen (1983) has raised 

the possibility that the opposite might be the case for 

small reserves in some circumstances. surrounding a reserve 

with "species-poor vegetation of non-invasive species of low 

food value (e.g. grain fields, closely cropped pastures, 

cotton fields, sugar cane)" may be preferable to surrounding 

with "an extensive area of secondary succession rich in 

plants and animals that will invade the pristine forest," 

because it may reduce edge effects (Janzen 1983:410). While 

this argument raises an important consideration, it was not 

supported by the respondents to this questionnaire. In 

another argument in favor of highly modified land uses, 

MacKinnon et ale (1986) and Greene (personal communication) 

suggest that land uses that are unattractive to wildlife may 

reduce human/wildlife conflicts by preventing wildlife from 
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straying off park lands and onto human occupied lands where 

they cause damage or are shot. The possibility that land 

uses that discourage biotic interchanges between national 

parks and adjacent lands can be useful in some circumstances 

should be kept in mind. 

Conclusion 

The biologists' assessment of the impact of the 

different land uses that may occur adjacent to Braulio 

Carrillo National Park and La Selva Biological station favor 

forest-based land uses and diversified farming systems that 

include forest. Annual crop agriculture and pasture will 

have the greatest impact on park resources. In the 

following chapters, the land use choices of landholders in 

the study area will be evaluated, in order to understand the 

rationale behind these choices. Bringing together the 

biological and socio-economic studies of land use adjacent 

to the park will provide insight into land use strategies 

that can meet both conservation and development needs in the 

region. 



HISTORY AN~ PATTERN OF COLONIZATION 
IN SOUTHWESTERN SARAPIQUI 

Settlement of Costa Rica began in the highland region 

in the center of the country known as the "meseta central" 
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and along the Gulf of Nicoya in the northwest part of the 

country in what is now Guanacaste and Puriscal (Hall 1985). 

After the "meseta central" filled up, colonists spread in 

all directions, but in areas of remote access there was 

often a considerable lag between claiming of land and 

clearing it (Hall 1985). While colonization often preceded 

the development of the transportation network, deforestation 

and agricultural development were generally delayed until 

after the transportation network provided access to markets 

(Hall 1985). Forest clearing prior to 1940 was concentrated 

in the tropical dry and moist life zones in the northwest 

Pacific region, the area most suitable for agriculture and 

pasture due to the presence of a distinct dry season (Sader 

and Joyce 1988). Settlement then spread from cartago down 

to the southern Caribbean coast. The lowland tropics of 

north central and northeastern Costa Rica were among the 

last zones settled and cleared (Hall 1985). (See Figure 4.) 

Driving forces behind Colonization in costa Rica 

Population growth is clearly one factor driving 

expansion of settled land in Costa Rica. From 1900 to 1984, 

the popUlation of costa Rica grew from 303,000 (Hartshorn et 
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Figure 4. Map of the historic pattern of colonization of 
costa Rica (after Hall 1985). 
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al 1982) to 2,416,808 (DGEC 1987), an eight-fold increase. 

The current annual population growth rate is 2.6% (Leonard 

1986). Yet while the role that population ~rowth has played 

cannot be denied, it is not the only causal factor. 

Seligson (1984) identifies two other factors that drove 

people to settle new lands: One was the concentration of 

land in the hands of the aristocracy, which began in the 

central valley as coffee became a major export crop. The 

second was rising inflation, which eroded earnings from wage 

labor and forced people to return to their pre-capitalistic 

roots and rely on sUbsistence food production. 

. The rise in cUltivation of coffee for export to Europe, 

beginning about 1820, promoted the aggregation of small 

sUbsistence farms into larger coffee plantations (Seligson 

1984). The expansion of coffee resulted in the availability 

of relatively well-paid wage labor opportunities and 

increased the price of land, both of which encouraged the 

proletarianization of small farmers in costa Rica. Heirs 

who had inherited too little land with which to make a 

living, and others with debt problems aggravated by crop 

failure, frequently sold their land to pursue wage labor 

(Seligson 1984). 

In addition, beginning in 1840, a series of laws were 

promulgated that permitted homesteading of "vacant" lands 

("tierras baldias"). Colonization, along with wage labor, 
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served as a safety valve for people displaced by the 

expansion of agrarian capitalism (Seligson 1984). Under the 

laws pertaining to colonization, people could acquire title 

to land after ten years of continuous use. Under the early 

laws, title could not be acquired by the original colonists, 

who were viewed as squatters who had acquired land by 

illegal means. Since they were unable to acquire title, 

most eventually sold their land. Only a purchaser of land, 

who could claim to have purchased the land in good faith, 

had legal rights to acquire title for the land (Hartshorn 

1982). Under later changes in the colonization laws, the 

original squatter has rights to any improvements he has made 

after one year of occupancy and rights to acquire title 

after ten years of occupancy (Hartshorn 1982). 

In all cases, acquiring title for land has been 

extremely difficult for the small, poor landholder due to 

the administrative requirements of the titling process, 

which include: 1) a survey plot of the land by a civil 

engineer, 2) preparation of legal documents by a lawyer, 3) 

testimony in support of one's claim at the seat of 

government by neighbors, 4) publication on three separate 

occasions of one's intention to claim title for the land, 

and 5) a visual inspection of the land by a representative 

of the local judge (Seligson 1984:67-68). The cost of all 

of these procedures must be borne by the claimant, with the 

... ~ ----- ----
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result that few small landholders have been able to , 

successfully acquire title to land (Seligson 1984). 

The expansion of coffee plantations ~.;as a dl:iving force 

behind early colonization, but it provided substantial wage 

labor opportunities as well. The expansion of cattle 

ranching over the past three decades concentrated land into 

even larger holdings but provided very little employment. 

The expansion of cattle ranching resulted in both increased 

social stratification and out-migration in the regions where 

it occurred (Meehan and Whiteford 1985). Guanacaste 

province, where consolidation of land into cattle ranches 

has been extreme, has had the greatest out-migration in 

costa Rica (Meehan and Whiteford 1985). 

The increase in cattle production was not driven by 

internal forces in costa Rica. In fact, per capita beef 

consumption in costa Rica dropped while exports were rising 

dramatically during the period between 1957 and 1972 (Meehan 

and Whiteford 1985). Expansion of cattle pasture was driven 

by the increased u.S. demand for low grade beef (often 

referred to as the "hamburger connection") and by the 

financing of cattle expansion by the international 

development banks in an effort to diversify costa Rican 

exports beyond coffee and bananas (Meehan and Whiteford 

1985; Budowski 1988). Easy availability of loans for cattle 

grazing enterprises, combined with the speculative gains 
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that could be rea~ized by _~ggregating land into larg~ 

holdings, encouraged the development of large cattle ranches 

in newly colonized areas. This drove the front line 

colonists, the poor campesinos, to the remaining forested 

areas to begin the process anew. 

This process has continued until all the vacant lands 

available for colonization have been used up (Seligson 

1984). In recent years, colonization has focused on 

organized invasions of privately owned but under-utilized 

lands. IDA (the Agrarian Development Institute) mediates 

between squatters and landowners, and often purchases 

invaded lands and assigns parcels to the squatters. There 

have been several pulses of colonization following layoffs 

in the banana industry due to disease outbreaks and 

plantation failures. The invasion of Corcovado National 

Park by gold miners was partially spurred by the closing of 

the region's banana plantations; and many of the invasions 

of lands surrounding Braulio carrillo National Park in 

Sarapiqui came after layoffs at a nearby banana plantation. 

History of Colonization in 
Sarapigui--A Regional Perspective 

Large scale colonization in Sarapiqui began in 1942 

when the government gave land to "La Acci6n Nacional del 

Trabajo" for division into 100 hectare plots for settlement. 

The lands comprised 20,000 hectares in a triangle defined on 
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two sides by the Rio Sucio and the Rio Sarapiqui, and on the 

third by a line running from where the Carrillo highway to 

the Atlantic crossed the Rio Sucio to Vara Blanca (Tropical 

Science Center 1988e). Because many recipients of land did 

not actually occupy their land, invasion of parcels by 

,squatters was heavy (Tropical Science Center 1988e). 

Most colonization in Sarapiqui has taken place in the 

past 30 years. Butterfield (in press) has provided a brief 

summary of the recent colonization history of Sarapiqui. In 

the 1950's the first dirt road was constructed from San Jose 

to Puerto Viejo, which connected with the river 

transportation corridor from Barro Colorado, on the 

Caribbean coast. While some rice production was engaged in 

on the better lands along the river floodplains, the real 

boom in Sarapiqui came with the establishment of Standard 

Fruit's banana plantations at Rio Frio and accompanying 

improvements in infrastructure. At this time, ITCO 

(Institute of Land and Colonization, the precursor of IDA, 

the present land redistribution agency) claimed land for 

colonization projects, and built roads and bridges that 

opened up new lands for development. 

The improvement of access to Sarapiqui led to a wave of 

spontaneous colonization. Many colonists were landless 

people from Guanacaste, San Carlos, and the west side of the 

"meseta central." Others were wealthier individuals from 

--------------------



the "meseta central" who purchased land from the original 

colonists for speculative purposes and/or cattle ranches. 

Cattle ranches, as in other parts of Costa Rica, expanded 

during this period; 57% of the land in Sarapiqui is 
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currently under absentee ownership, predominantly in cattle 

pasture (Butterfield in press). From 1963 to 1983, 

population in Sarapiqui increased from 4,856 to 18,909 

people (Butterfield in press). Sarapiqui has been one of 

the most active squatter zones in the country, and IDA 

parcels now comprise 38% of the land in Sarapiqui, with 

about 50% of the population residing in IDA settlements 

(Butterfield in press). 

The Process of Colonization 
in Southwestern Sarapigui 

The details of colonization in southwestern Sarapiqui 

have not been described in the literature. Due to the high 

turnover of colonists, it is difficult today to piece 

together what actually happened. Interviews were conducted 

with most of the earlier colonists still present in the 

region, in an effort to better understand the processes that 

have affected the region and resulted in the current 

situation. The process of colonization will be described 

here as well as possible, based on these interviews and the 

responses to several questions from the household survey. 
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Two separate areas will be discussed, San Ramon and El 

Roble. San Ramon is an example of an area that was 

colonized spontaneously several decades ago and has 

progressed beyond the early stages of colonization. 

Although San Ramon includes some "Accion National" lands, it 

was not part of the heavily colonized area. Most of the 

remaining "accionistas" and their descendants reside in Los 

Angeles. San Ramon does include one IDA settlement 

(established in 1983) of 21 parcels, of which 10 are still 

held by the original recipients. The other area to be 

discussed is the community of EI Roble, which is comprised 

of four IDA settlements. El Roble is an example of a recent 

squatter settlement where the government mediated between 

the original landholders, assigned parcels, and continues to 

administer the area. 

In San Ramon, many early colonists claimed unoccupied 

land. This was generally done by clearing a swath 

("carril") through the forest around the parcel of land that 

was to be claimed, and then clearing a small area, one or 

two hectares, within the parcel to begin a farm. 

Subsistence crops were generally planted immediately 

following cutting of the forest to take advantage of the 

fertility of the virgin soil and nutrient input from any 

burning that was possible; but some pasture was needed 

immediately for horses, oxen, and milk cows. Creating a 
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productive farm from virgin forest was a long and difficult 

process. Many of the early colonists arrived with less than 

ten dollars in their pocket and perhaps a cow or an ox. 

Subsistence crops CQuld be grown with little cash input, but 

cash expenditures were necessary for fencing, housing 

materials, and purchase of animals, as well for as 

sUbsistence items that could not be produced on the farm. 

Many colonists went into debt to the nearest "pulperia" 

(general store) for these items. Cash was generally 

obtained by sale of basic grains, particularly rice, and 

sale of high value timber species logged with oxen. Cattle 

raising was a principal objective of most colonists. Grains 

could only be grown for a few years before it was necessary 

to leave fields fallow. Instead of fallowing they were 

generally converted to pasture for cattle raising. As the 

number of colonists increased, disturbance-adapted birds 

such as doves, parrots, and finches became serious pests on 

grain crops, leading many colonists to discontinue grain 

cultivation, at least for sale, and convert directly from 

forest to pasture. The conversion process is accomplished 

by first cutting the undergrowth, followed by planting 

vegetative cuttings of the desired grass species. In the 

final step, the trees of lesser value are felled~ valuable 

timber trees are left standing for later harvest. 

---------
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Not all the people to arrive on the frontier in 

Sarapiqui were poor, landless farmers. The frontier was 

seen as an opportunity for advancement by people of all 

economic levels. Some sold land or businesses before 

migrating, with the intention of using this money to acquire 

a larger piece of land on the frontier. Many of the 

original colonists, faced with difficulties in raising 

sufficient cash to fully develop their farm and debts to the 

local pulperia, sold their land to these willing buyers in 

spite of their intention of establishing a permanent 

homesite. Getting out from under their debts, some would go 

on to a new parcel of land and start again. others, weary 

of the isolation and lack of schools and health care of the 

frontier, would return to centers of population to work as 

wage laborers. While wage labor in costa Rica pays well 

enough to meet immediate needs without relying on farming to 

meet sUbsistence needs, it enables little accumulation of 

cash or other assets for long-term security or as an 

inheritance for one's children. The wage laborer must rely 

on his children for support once he becomes too old or 

otherwise physically unable to work. Thus many who gave up 

the frontier for wage labor later began again to desire 

their own land, and often returned to the frontier. 

Some purchasers of farms on the frontier put together 

cattle ranches they still operate. Others purchased land 
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for speculation. Purchasing cleared land was probably 

cheaper than claiming forested land and paying laborers to 

clear it. Furthermore, purchased land was both easier to 

hold, because clearing made use obvious, and easier to 

acquire title for, due to the possession of a bill of sale. 

Significant increases in land value could be realized by 

acquiring title and improving access, both of which could be 

more easily done by wealthier individuals. But it is likely 

that speculation existed on all levels; at least some 

families in the poorer first wave of colonists specialized 

in claiming, clearing, and selling land. 

Colonization of vacant and under-utilized lands by 

squatting was spreading east from San Ram6n across the Peje 

River when the lands east of the Peje River were purchased 

for inclusion in Braulio carrillo National Park in 1983, 

effectively closing the frontier. While people who had land 

claims in this area were compensated relatively quickly and 

fairly, the impact of the closing of the frontier affected 

many other people who received no compensation. Many of the 

residents of San Ram6n worked for wages converting forest to 

pasture on the frontier, and these jobs were no longer 

available. The establishment of a large ornamental plant 

farm in San Ram6n coincided with the closing of the 

frontier, and met a critical need for wage labor 

opportunities. 
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Colonists arrived in San Ramon from various parts of 

Costa Rica, but primarily from the "meseta cen.tral" and San 

Carlos. In recent years there has also been an influx of 

Nicaraguan refugees into the region (see Table 4). San 

Ramon has been settled long enough that there are many. 

second generation residents present. People from a variety 

of different backgrounds have come to San Ramon. Although 

the previous occupation of 50% of the present household 

heads was agricultural laborer and an additional 17% were 

non-farm laborers, residents also include people who farmed 

their own land in other parts of Costa Rica, former 

professionals, and people who previously managed farms (see 

Table 5). San Ramon residents have lived an average of 1.8 

other places prior to coming to San Ramon (Table 6). While 

few residents are landless, many have only a housesite of 

less than 1 hectare (see Table 7). The median landholding 

size is 13 hectares. Land has been obtained by San Ramon 

residents in a variety of ways, including purchase, 

squatting, inheritance, and from IDA (see Table 8). 

Considering only landholdings larger than 25 hectares 

reveals purchase to be by far the most common way of 

obtaining a large farm (Table 9). The low number of people 

who acquired their land through squatting reflects the 

difficulty of using this method to obtain and hold land. In 

addition, most of those who acquired land through squatting 
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Table 4. Region of birth of heads of households, San Ramon. 

Region of Birth 

Meseta Central 
(Alajuela, Heredia, 
San Jose, cartago). 

San Carlos (etc.) 
San Ramon 
Nicaragua 
Guanacaste and 

Puntarenas 

N 

43 
33 
20 

4 

_2_ 
102 

% 

42.2 
32.4 
19.6 
3.9 

-hQ. 
100.1 

Table 5. Previous occupation of male heads of household, 
San Ramon. 

Previous occupation 

Agricultural Laborer 
Non-farm Laborer 
Owned farm 
Professional 
Farm Manager 
Other 
(Too young to have previous 

employment history) 

Table 6. Numbers of other 
households prior to living 

Number of Places Lived 

0 
1 
2 
3 
4 
5 
9 
11 

N 

44 
15 
12 

4 
4 
1 

_8_ 
88 

places 
in San 

N 

16 
25 
36 
10 

4 
1 
1 

_1_ 
94 

lived for 
Ramon. 

% 

50.0 
17.0 
13.6 
4.5 
4.5 
1.1 

~ 
99.8 

heads 

% 

17.0 
26.6 
38.3 
10.6 
4.3 
1.1 
1.1 
~ 

100.1 

of 
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Table 7. Size of landholding (in hectares), San Ramon. 

Landholding Size N % households % of total 
land 

0 5 4.7 0 
.01 through 1 28 26.2 .1 
1.01 through 5 8 7.5 .3 
5.01 through 10 6 5.6 .8 
10.01 through 25 241 22.4 7.0 
25.01 through 50 14 13.1 9.6 
50.01 through 100 9 8.4 13.0 
100.01 through 250 8 7.5 20.5 
250.01 through 850 -1L ....L.2 48.7 

107 100.1 100 

1 12 of which are IDA parcels. 

Table 8. Method by which land currently held was acquired, 
San Ramon. 

Method N % 

Purchase 60 63.8 
Inheritance 14 14.9 
IDA Parcel Only 10 10.6 
IDA Parcel and'Purchased 

Land 2 2.2 
Squatter's Rights 7 7.4 
Other _1_ --1..:..l 

94 100 

Table 9. Method of obtaining existing landholdings greater 
than 25 hectares, San Ramon. 

Method 
Purchase 
Squatter's Rights 
IDA Parcel and Purchased 

Land 
Inheritance 
Other 

N 
27 

4 

2 
2 

_1_ 
36 

% 
75.0 
11.1 

5.5 
5.5 
~ 
99.9 
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are now middle-aged, and many of these farms will be divided 

up among sons and daughters or sold in the next five years. 

Inherited lands are often too small for full-time farming; 

the median size of inherited landholdings was 2.3 hectares. 

The IDA settlements at EI Roble provide an example of 

more recent colonization, with an average number of years of 

land holding of 5.8 years, compared to 12.1 years in San 

Ramon. Many of the original settlers in EI Roble came in an 

organized invasion. Later colonists have bought rights to 

improvements or been awarded parcels by IDA (Table 10). 

While the colonists came from a mix of Costa Rican regions 

similar to that of San Ramon residents (Table 11), most were 

living in San Carlos immediately prior to invading. EI 

Roble residents had lived an average of 2.7 other places 

prior to coming to EI Roble (Table 12). Almost all the 

colonists in EI Roble were agricultural or non-agricultural 

laborers (Table 13) prior to coming to Sarapiqui. The 

presence of a homogenous population of poor people with no 

experience farming their own land has made the early years 

more difficult for the colonists. One common complaint 

among the parcel holders is that wage labor is essential to 

support a family during the early years of farm 

establishment, and there is no one among them who can afford 

to hire anybody. Sixty-two percent of the households in EI 

Roble earn more than half their annual income from non-farm 
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sources (principally wage labor, but also including some 

small business dealings) (Table 14), in spite of having held 

their lands for an average of 5.9 years and relatively large 

landholdings for at least some of the colonists1
• While 

the high percentage of people who rely on wage labor for the 

majority of their income raises questions about the 

viability of the IDA system as a method of providing 

economic opportunities to the landless poor, wage labor is 

often essential in the early stages of colonization in spite 

of long term goals of farming. Painter (1984:282) notes 

several reasons why households may engage in wage labor in 

spite of holding sufficient land on which to make a living: 

1) to earn cash to finance farm development, 2) to meet 

sUbsistence expenses while waiting for permanent crops to 

begin to produce, and 3) because it offers more reliable 

short-term returns. While the first squatters invaded the 

EI Roble lands 7 years before my data were collected, it was 

not until three years later that IDA officially awarded the 

parcels. Thus most people have only known exactly which, if 

size of parcels assigned by IDA correspond roughly 
with land use capability. The larger parcels were not 
considered appropriate for agriculture. since holders of 
these parcels would have to rely on cattle grazing or timber 
production, which provide lower returns, parcels were 
larger. The smaller parcels lie on the flat lands of the 
floodplain of the Sarapiqui River, which are more 
appropriate for crop agriculture. (Table 15) • 

.. _------
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Table 10. Method of acquiring land in El Roble. 

Method N % 

Invasion (Organized squatting) 28 66.7 
Purchase 9 21.4 
IDA parcel -1L 11.9 

42 100.0 

Table 11. Region of birth of heads of households, El Roble. 

Region N % 

San Carlos 18 40.0 
Meseta Central 18 40.0 
Guanacaste, Puntarenas 7 15.5 
Nicaragua 1 2.2 
Limon _1_ ~ 

45 99.9 

Table 12. Number of other places lived for household heads 
prior to living in El Roble. 

Number of Places 

1 
2 
3 
4 
5 
6 
8 

N 

6 
23 

6 
4 
4 
1 

_1_ 
45 

13.3 
51.1 
13.3 
8.9 
8.9 
2.2 
~ 
99.9 
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Table 13. Previous occupation of male·heads of households, 
EI Roble. 

Previous occupation N % 

Agricultural Labor 27 61.4 
Non-Farm Labor 16 36.4 
Owned farm _1_ ~ 

44 100.1 

Table 14. Percent of income earned from wage labor, EI 
Roble. 

Percent of Income N % 

0 9 21.4 
25 - 49 7 16.7 
50 - 74 9 21.4 
75 - 99 5 11.0 
100 l.L 28.6 

42 100 

Table 15. Land holding sizes (in hectares), EI Roble. 

Landholding Size N % of households % of total land 

0 1 2.3 0 
.01 - 1 1 2.3 .1 
1.01 - 5 1 2.3 .2 
5.01 - 10 16 36.4 17.8 
10.01 - 25 11 25.0 25.4 
25.01 - 50 14 31.8 56.4 

44 100.1 99.9 
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any, land would ultimately be in their parcels for 4 years. 

The most common land uses in the region require time and/or 

capital to reach full productivity. Cattle operations 

require either a large initial cash investment or a long 

period of gradual expansion to reach a full stocking rate, 

and permanent crops such as black pepper, coffee, or fruit 

trees take three to five years to mature as well as 

considerable initial cash expenditure. 

Similarities to other Frontier Areas 

The abandonment of subsistence cropping, involvement in 

wage labor, and high turnover of land holdings are often 

cited as evidence of the inappropriateness of the lowland 

tropics of Sarapiqui for colonization. But the pattern of 

colonization in Sarapiqui is very similar to that of other 

frontier areas as diverse as the 20th century Brazilian 

Amazon, and the 18th century northeastern and 19th century 

midwestern united states (Moran 1988). Moran (1988) 

compares four diverse, partially capitalized frontier areas 

(two areas in 20th century Amazonia; 18th century Lancaster 

County, Pennsylvania; and 19th century Trempealeau County, 

Wisconsin) and finds four common elements. 1) Many 

colonists emphasize sUbsistence production early on. This 

is not due to a preference for a sUbsistence agricultural 

lifestyle, but because of lack of capital, shortage of 

labor, and lack of infrastructure for marketing. 2) Many 
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colonists are involved in off-farm wage labor due to a 

relative scarcity of labor and high wages. 3) A majority of 

colonists emphasize land uses that require low labor and 

capital investment and serve to claim large amounts of land 

rather than emphasizing higher productivity of land. These 

extensive land uses are the result of cheap land, expensive 

labor, and uncertain returns due to poor infrastructure, 

poor market access, and cUltivation techniques not yet 

adapted to new soil and environmental conditions. 4) Due to 

the speculative goals of the majority of colonists, 

including petty speculators, there is a high population 

turnover rate. This rate exceeded 30% per decade even on 

the fertile soils of Lancaster county, Pennsylvania. 

Moran (1984; 1988) found that a diversity of people 

come to the frontier, including previous small farmers, 

previous agricultural laborers, previous urban laborers, and 

professionals with higher education levels and managerial 

experience. Frontiers tend to reproduce the inequities 

present in the original social system. Colonists with small 

amounts of capital and some managerial experience are able 

to invest in land, cattle, and agriculture earlier and more 

effectively than those without these benefits, and can 

quickly multiply that capital and get ahead (Moran 1984). 

Poor colonists with neither capital nor experience find it 

difficult to develop their farms and tend to return to their 
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previous occupations as agricultural laborers or artisans 

(Moran 1984). The advantages of having slightly more 

capital than one's fellow colonists, if this capital is 

invested in productive activities, is such that Moran (1984) 

suggests that frontiers actually magnify the differences 

between individuals. On the frontier, the poor often remain 

poor while people who have moderate amounts of cash become 

wealthier. 

Viewed in light of Moran's research on frontiers, the 

settlement patterns that have resulted from the colonization 

of sarapiqui are not surprising. The fact that similar 

patterns occur on the lowland tropical frontiers of the 

Amazon and costa Rica and in the temperate climate and good 

soils of the northeastern and midwestern united states casts 

doubt on the notion that the colonization pattern in 

Sarapiqui is primarily the result of the tropical climate 

and poor soils. Moran (1988) does find that poor soils can 

playa role in economic failure of colonists. Colonists 

often pay more attention to water supply, access to markets, 

and nearness to towns than to soil quality, and frequently 

fail to appropriately adapt their agricultural techniques to 

their new environment. On the poor soils of the lowland 

tropics, this can be disastrous (Moran 1988). But the fact 

that Costa Rican campesinos who were displaced by expanding 

capitalized agriculture are being displaced from the new 



99 

lands they have settled by capitalized agriculture seems to 

have its roots as much in the country's socio-economic 

situation as in the tropical environment. Solutions are 

required that address the socio-economic roots as well as 

the environmental consequences of colonization in the 

lowland tropics of costa Rica. 

Changing the Pattern of 
Colonization and Deforestation 

Deforestation in costa Rica has been largely the result 

of the colonization process described in this chapter. The 

poor, landless people who are responsible for much of the 

forest clearing are as much vi~tims in this process as is 

the forest. Lacking both land and capital, they must rely 

on wage labor for SUbsistence. But the wage labor sector 

cannot provide a sufficient number of jobs or sufficient 

returns to those that have jobs, and many of these people 

resort to squatting on land not being actively farmed or 

ranched--usually forested lands--in an attempt to improve 

their economic situation. Yet few are able to achieve 

productive use of these lands, and many sell their new lands 

only to repeat the process elsewhere. stopping this process 

will require eliminating the incentives for aggregation of 

land into large holdings of extensive land uses that provide 

few wage labor opportunities, and increasing the success 

rate of colonization. 
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Eliminating the Incentives for Large Extensive Landholdings 

Eliminating the incentives for aggregation of land into 

large holdings of extensive use requires policy changes at 

the national and international level. Many of the 

incentives that have previously encouraged the expansion of 

cattle ranching have now been eliminated, but further 

efforts to discourage extensive, non-forest land uses and 

land speculation need to be undertaken. In depth 

understanding of the motives for large extensive land uses 

and for land speculation was beyond the scope of this study. 

But further research and discussion on disincentives to 

extensive cattle ranching and incentives for more intensive 

land uses such as export crops should be explored. These 

policy changes may be incorporated into tax policies or be 

part of programs sponsored by the international development 

banks and aid agencies. 

Increasing Colonization Success 

Increasing the success rate of colonization will 

require changes in government-run colonization programs. 

The IDA parcel system currently prevents the aggregation of 

parcels into large landholdings by restricting their sale to 

people who meet certain income requirements and own no other 

land, and by not awarding outright title for ten years. 

While the objective is appropriate, the lack of title has 

the disadvantage of restricting access to bank loans, since 
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titled land is required for collateral. IDA has its own 

agricultural loan system, which releases money gradually to 

prevent mis-spending and is often used in conjunction with 

extension programs, but it is not adequate to meet the need 

for agricultural credit among small farmers. 

One of the greatest problems with the IDA system is its 

frequent reliance on after-the-fact mediation of land 

invasions. Squatters choose land for invasion based on 

their perception of the likelihood of a successful invasion. 

Lands chosen generally have absentee owners, often foreign, 

who spend little time on their land and thus are perhaps 

more likely to sell their land to IDA in a mediated 

settlement rather than forcing eviction of the squatters. 

In the case of El Roble, the colonists chose lands which had 

poor access to the highway for transportation of 

agricultural crops. Although many of the El Roble parcels 

are only several hundred yards from the paved highway, they 

are cut off from it by the Sarapiqui River, hindering 

development of market agriculture even on the relatively 

good soils of the floodplain. Establishment of settlements 

on lands with good access to markets and wage labor 

opportunities would almost certainly increase settlement 

success, as measured by parcel turnover, and in the long run 

probably result in a higher percentage of productive farms. 

While the initial costs of purchase of such lands would be 

---------
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higher, other costs associated with settlements, including 

infrastructure development and provision of services, would 

be reduced. Since settlements would then be established in 

regions of the country that are already developed and are 

more suitable for agriculture, this would also slow the 

expansion of agricultural clearing into the country's 

remaining wildlands. 

--~------
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Costa Rica exhibits the paradoxical situation of one of 

the highest rates of deforestation in the tropics and one of 

the best institutional systems to protect its remaining 

forests. Costa Rica has the second highest deforestation 

rate in tropical Latin America and the fifth highest in the 

tropical world (Office of Technology Assessment 1984). This 

high rate of deforestation exists in spite of Costa Rica's 

prominent leadership in the tropical world in establishment 

and effective management of national parks (Gamez and Ugalde 

1988; Budowski and MacFarland 1982; MacFarland, Morales, and 

Barborak 1982). 

The preceding chapter has shown how the use of forested 

lands as an escape valve for growing population and people 

displaced by expanding export agriculture lies behind much 

of the deforestation in Costa Rica. This issue must be 

addressed at the national level if tropical forests are to 

be protected in Costa Rica, and if the insularization of 

Costa Rican national parks is to be avoided. But there is 

little likelihood of reversing the colonization that has 

already taken place, and the amount of tropical forest 

absolutely protected in the Costa Rican national park system 

is unlikely to be significantly expanded. Therefore 

increased attention must be directed at integrating 

- - ... - - --.---- -----



104 

conservation and development in order to: 1) develop land 

use systems appropriate for small-scale agriculturalists 

that can provide long term sustainable returns in the 

tropics, reducing the need to sell land and colonize new 

land, 2) provide increased returns from existing 

agricultural lands in order that colonization of new lands 

is unnecessary, and 3) develop sustainable, economically 

attractive uses of tropical forest in order that development 

may proceed without destruction of tropical forests. 

Dimensions of sustainable Land Use 

sustainable land use, in spite of its frequent usage in 

recent years, remains a vague and imprecise concept. 

Invoked frequently to advocate the importance of ensuring 

that long term needs and values are not compromised in the 

immediate rush for development, there is no consensus about 

what these needs and values are. While virtually everyone 

is in favor ·of sustainable development, considerable 

disagreement exists about what is and is not sustainable. 

Four interpretations, or dimensions, of sustainable land use 

can be identified in the literature: 1) avoiding land 

degradation, 2) providing sustained economic returns, 3) 

conserving biological diversity, and 4) minimizing 

agrochemical and fossil fuel inputs. 

Avoiding land degradation deals with deterioration of 

the capability of land to be productive, and includes 

.. _._------
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fertility degradation (chemical changes such as reduction in 

nutrient status) and soil degradation (physical changes such 

as compaction, erosion, etc) (Moran 1987). Land degradation 

is empirically measurable and therefore can be compared for 

different ecosystems and geographic areas. As Moran (1987) 

has noted, if continuous cUltivation is to take place on any 

soils, some fertility augmentation, either organic or 

chemical, will be necessary. Thus land degradation will be 

closely related to the management system chosen. 

Socio-economic sustainability goes beyond physical, 

chemical, and biological factors, bringing in the ability of 

land uses to provide sufficient sustained economic returns 

for people are able to engage in them as productive options. 

socio-economic sustainability asks whether a land use can 

provide continued support to people in the situation in 

which they live, seeking an optimum balance between 

different biological, economic, and social goals (Barbier 

1987). It is not easy to objectively measure, and may vary 

among different situations or even change through time 

(Barbier 1987). 

Conservina biological diversity pertains to the long 

term conservation of the full diversity of species and 

natural ecosystems on earth. Proponents of this dimension 

of sustainability may see the only successful examples of 

sustainable development as "tribal and local people with low 
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PQPulation densities and almost no growth," and the 

sustainability of some of these is in doubt (Dourojeanni 

1989:13; see also Goodland 1980:9). Only groups extracting 

relatively small amounts of game and forest products, or 

practicing shifting cUltivation at very low densities in 

very large ecosystems, can avoid harm to biological 

diversity. What balances may have existed between such 

groups and the environment have rarely continued after 

contact with the modern world. Over-exploitation of 

resources, for example market hunting, in order to engage in 

exchange for modern goods may quickly overwhelm traditional 

mechanisms that have historically kept groups in better 

balance with their environment (Nietschmann 1972). In spite 

of this, carefully regulated extraction of forest products 

is now being widely advocated as a method for providing some 

economic returns from tropical forests while leaving them 

basically intact (Reid 1989; Fearnside 1989). 

A final dimension of sustainability involves 

minimization of agrochemical and fossil fuel inputs. 

Disowned by some in the sustainable agriculture movement 

(Mellor 1988), agricultural systems involving low 

agrochemical inputs have some strong advocates both because 

of feared environmental and human danger from these 

chemicals and due to the drain that purchase of these 
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chemical from foreign sources imposes on economies of many 

lesser developed countries (Reid 1989). 

This dissertation deals primarily with socio-economic 

sustainability and conservation of biological diversity, as 

the two dimensions of sustainabi1:tty of greatest concern in 

conserving tropical forests. These two dimensions are 

important for different reasons. Socio-economic 

sustainability relates to the need to stop cycles of 

environmental destruction and migration, and provide 

adequate returns to support people on existing cultivated 

lands over an indefinite period of time. socio-economic 

sustainability can be realized by agricultural systems 

involving low agrochemical inputs, but it can also include 

agricultural intensification as a means of providing 

increased returns. Conservation of biological diversity 

relates to the need to retain tropical forests relatively 

intact in sufficient area that extinctions do not occur. 

Low intensity, forest-based land uses can retain the 

biological diversity values of existing forested lands while 

providing some economic returns. But agricultural 

intensification on existing cleared land can play an 

important role in reducing the need for further clearing of 

forest and thus aid in the conservation of biological 

diversity. 
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It is important to realize that these two dimensions, 

socio-economic sustainability and the conservation of 

biological diversity, can be in conflict. An agricultural 

land use that avoids land degradation and provides 

sustainable economic returns can replace natural forest to 

the detriment of conservation of biological diversity (see, 

for example, Fabienne and Michon 1987). It may be extremely 

difficult to simultaneously maximize all the different 

dimensions of sustainability in a region. But priorities 

can be set for the different dimensions of sustainability in 

order to meet the most pressing needs at a particular place 

and time. 

The sustainability of Agriculture in the Tropics 

Soils of the humid tropics are frequently characterized 

as infertile and acidic and therefore unsuitable for 

intensive agricultural development (Gradwohl and Greenberg 

1988). This is more true for the humid tropics of Latin 

America, where Oxisols and Ultisols with these 

characteristics comprise 82% of the soils, than it is for 

Africa or Asia, where they comprise 56% and 38% respectively 

(National Research Council 1982). But even within Latin 

America, considerable variation in soils exists. While many 

of the better alluvial and volcanic soils were the first to 

be settled (Gradwohl and Greenberg 1988), not all the land 

remaining under forest cover is poor land. Moran (1984) 

-----------
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called attention to the patchiness of soils in the Amazon, 

where significant differences in soil quality may exist at a 

smaller scale than soil maps used by planners, and 

experienced cultivators have developed skills at identifying 

and utilizing these patches of better land. But the failure 

of grazing and agricultural schemes in the humid tropics is 

often associated with low fertility, and the question of 

whether these failures are the result of the inability of 

land to support these activities or whether they have other 

causes must be addressed. 

Moran (1987) found that the success of agriculture on 

tropical soils in the Amazon was related to more than soil 

quality. Choice of land clearing metho'd, different 

cUltivation practices (tillage practices, types of crops, 

manuring, mulching, etc.), commitment to continued residence 

on a particular piece of land, (Moran 1987), road quality, 

availability and timing of credit, and extension of 

appropriate technologies for CUltivation (Moran 1982) all 

influence the success of agricultural efforts. Sanchez et 

al. (1982) found that, for nearly level soils in the Amazon, 

continuous production of a rice, corn, soybean rotation 

could be achieved with fertilization levels not 

substantially different than those used to grow corn, 

soybeans, and peanuts on Ultisols in the Southeastern United 

States. They suggested that continuous cropping may also be 
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possible on steeper land with greater erosion potential if 

proper landscape adaptations, such as terracing, are 

implemented (Sanchez et ale 1982). Collins (1986) suggested 

that the social, economic, and political situations 

agriculturalists operate under may result in labor shortages 

that prevent implementation of technologies that elsewhere 

permit sustainable cropping. 

Pasture has often been described as a particularly 

inappropriate land use for the humid tropics (Goodland 1980; 

Nations and Komer 1987; Reid 1989; Fearnside 1990). Falesi 

(1976, cited in Hecht 1983) found that pasture actually 

improves tropical soil conditions. Hecht (1983) found that 

soil changes after conversion of forest to pasture were 

neither as catastrophic nor as beneficial as has sometimes 

been suggested. Soil nutrients during the first five years 

after conversion were adequate for annual stocking rates of 

about one animal unit per hectare, and then declined. The 

decline reflected not only soil chemical changes, but also 

compaction and weed invasion (Hecht 1983). It seems likely 

that weed invasion reflects inadequate pasture maintenance 

or overgrazing more than changing soil chemistry. In fact, 

Hecht (1983) argued that high inflation, subsidized credit, 

the role of ranching as a means to capture enormous fiscal 

incentives, and the seemingly endless availability of land 

have resulted in Amazon ranching being used more to increase 

---------
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the exchange value of land than for production. Under these 

circumstances, even degraded lands have increased in value 

(Hecht 1981), and simply controlling large amounts of land 

for later sale has been of primary importance, offering 

little incentive for careful land management. 

Budowski (1988) stated that the rise of cattle ranching 

in costa Rica was linked to the availability of favorable 

loans and implementation of better marketing devices to 

promote beef production for export. These incentives were 

provided mainly through loans from the Inter-American 

Development Bank in the 1960's and 1970's to diversify 

export commodities. As a result, beef became the third 

largest costa Rican export, after coffee and bananas. In 

addition, costa Rican laws benefit those who occupy land if 

certain "improvements" are made, the most common being 

clearing the forest. Cattle ranching is a relatively 

inexpensive way to "improve" land and thus hold it for 

speculation or future development. 

In summary, even though agriculture on tropical soils 

is indisputably constrained by low fertility and other soil 

factors; social, economic, and political factors have 

contributed significantly to many of the dramatic failures 

of agricultural and grazing systems on tropical soils. It 

follows that by modifying the policies, development 

programs, and socio-economic conditions under which 



development occurs, the sustainability of land use in the 

lowland tropics could be greatly improved. 

Land Use Choice 
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An understanding of how the land use choices of 

landholders vary under different circumstances is essential 

to any effort to change land use or to promote certain land 

uses and discourage others. Vayda (1983:266) has 

recommended use of the rationality principle, which assumes 

"that those who are engaging in the activities or 

interactions [with the environment] of concern to us are 

rationally using their knowledge and available resources to 

achieve whatever their aims are in the situations in which 

they find themselves." Individual landholders often operate 

under vastly different circumstances, and even those 

engaging in some of the most destructive and seemingly 

irrational practices may be exercising the best options open 

to them for survival or improvement of their economic 

status. 

There is a significant body of anthropological research 

that seeks to understand how land use and other productive 

activities vary under different circumstances, including: 1) 

availability of land, labor, and capital; 2) returns to 

land, labor, and capital; 3) risk; 4) market factors; and 5) 

non-farm production or employment options. Barlett (1980) 

cautioned against the use of a laundry list of important 
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factors and the belief that a simple model can hold up in 

diverse cultural, environmental, and political situations, 

but notes that diverse studies have revealed the same 

variables playing important roles in influencing 

agricultural decisions. Among the research on agricultural 

decision-making are two broad theoretical treatments, 

Boserup (1965) and Chayanov (1966), as well as a number of 

ethnographic studies that highlight specific factors that 

are not considered in detail by Boserup or Chayanov. 

Boserup, in The Conditions of Agricultural Growth: The 

Economics of Agrarian Change under Population Pressure 

(1965), hypothesized that with agricultural intensification

-defined as increased frequency of cropping--returns to land 

increase but returns to labor decrease. Since more 

intensive agriculturalists must work harder than extensive 

agriculturalists, a law of least effort is followed and 

intensification only occurs when it is made necessary by 

increasing population pressure. For example, shifting 

CUltivation under low population densities gives low returns 

to land but high returns to labor. Intensifying agriculture 

would give a higher return to land but decreasing returns to 

labor, and thus will only take place when made necessary by 

increasing population density (Boserup 1965). Barlett 

(1982) applied Boserup's principles at the household level 

in a costa Rican community by suggesting that farmers with 
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small landholdings feel population pressure sooner than 

those with large landholdings, and thus are more likely to 

intensify. Boserup's hypothesis highlights the importance 

of land availability, returns to land, and returns to labor 

in determining choice of agricultural methods. 

Chayanov's (1966) theory of peasant economy considered 

the balancing of consumption needs with labor invested in 

production. The amount of production is determined by the 

intersection of two curves, one representing the degree of 

satisfaction of consumption needs, which is determined by 

the size of the household, and the other representing the 

drudgery of labor, which can be measured by agricultural 

workers available (Barlett 1982). Households with a higher 

consumer to worker ratio have a need to increase production 

to meet household consumption needs. Chayanov (1966) 

recognized that the individual household, faced with a need 

to increase production to meet consumption needs, had three 

options. The household could intensify agriculture on 

existing land; could expand the amount of land cultivated by 

extensive methods; or could enter into non-agricultural 

activities. The household chooses among these different 

options based on comparative returns to labor. When 

constrained in the choices available, for example land area 

cultivated can not be expanded and returns from crafts are 

low, the household will accept declining returns to labor 



and engage in agricultural intensification. Chayanov's 

theory calls attention to the importance of labor 

availability and household characteristics (age and sex 

composition), and the existence of agricultural and 

nonagricultural options. 

115 

Barlett (1982) considered land use choice in a costa 

Rican community in light of the Boserup hypothesis and found 

a correlation between landholding size and land use 

intensity. Large landholders accepted the lower returns to 

land of cattle ranching and of corn and beans cultivated by 

slash and burn methods in exchange for the lower labor 

investment, yet were still able to make ~n adequate living 

due to the size of their landholdings. The most intensive 

land use in her study area, terraced tobacco rotated with 

corn and beans, was more likely to be engaged in by those 

with small landholdings. The heavy labor inputs and the 

declining returns to labor were accepted by these people as 

a means of increasing returns per hectare. Choice of the 

tobacco/corn and beans option was also related to having an 

adult male under 60 who could perform the hard work, 

conforming to Chayanovian (1965) expectations about drudgery 

of labor. 

Barlett (1982), working in a modern system, also looked 

at cash expenditures for agricultural options, and the role 

of cash availability, through credit, for different 
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agricultural options. Barlett (1982) found that, rather 

than using cost-benefit accounting practices used by 

capitalistic firms, a methodology that calculates annual 

return by deducting yearly cash expenditures for both fixed 

and variable costs from gross income most closely parallels 

that used by landholders. Barlett (1982) found that access 

to agricultural credit is an important factor behind cash 

investment in agriculture, since in some options, such as 

tobacco, purchased inputs were out of reach of the majority 

of landholders without credit. Cash investment requirements 

and credit availability may be particularly important 

factors to small landholders with sUbsistence or semi

sUbsistence lifestyles, who may have little cash available 

or limited access to credit. 

Risk has been clearly demonstrated to be a key factor 

in agricultural decision-making, sometimes being of even 

greater importance than productivity. wilk (1981), in 

Belize, found that while cultivating land that had been in a 

secondary forest fallow gave better returns to labor than 

cultivating primary forest, primary forest was preferred 

because of the more predictable yields. Barlett (1982) 

found that farmers gave risk as a reason they had not 

intensified even when it could have resulted in higher 

yields. In Barlett's study area in Costa Rica, tobacco 

cUltivation had the highest risk because of high capital 

._._-------



117 

investment that required borrowing. The second highest 

risks were for shifting cUltivation of corn and beans. 

Coffee was low risk and cattle grazing had the lowest of all 

risks, with no households suffering failures in it (Barlett 

1982). Risk can be related to different factors, including 

variable yields due to environmental factors, market 

factors, cash investment requirements when cash is scarce, 

and credit when a cosigner is required or land must be used 

as collateral. 

security of land tenure is often considered a prime 

factor behind the willingness of people to invest in land 

improvements or land use systems that will provide long term 

benefits and avoid land degradation (Seymore 1985). But 

legally titled land is not the only form of secure land 

tenure. Seymore (1985) noted the distinction between de 

facto and de jure tenure, suggested that the former, where 

land holding rights are recognized and respected by one's 

neighbors, may be more important than legal rights 

recognized by national governments. Seligson (1980) 

reported four different types of untitled landholdings in 

Costa Rica, with progressive degrees of security: 1) 

squatting, 2) possession of an unnotarized bill of sale, 

rarely containing accurate references to the location or 

size of land, 3) possession of a notarized bill of sale, 

still not accurately identifying the land in question, and 
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identifying the land. 
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subsistence versus cash cropping is an important 

element of land use choice. Small-landholders today require 

cash to purchase agricultural inputs, clothing, and 

household goods, as well as food items they do not produce 

themselves. Barlett (1982) found that one example of 

intensification in a costa Rican community, cash cropping of 

tobacco, was undertaken partly out of need to achieve 

greater returns per unit of land to meet sUbsistence needs 

and partly to be able to purchase modern goods and 

amenities. Much of the intensification of agricultural 

today is into cash crops, and the existence of markets, 

access to them, and their long term stability will be 

important factors in influencing decisions to cUltivate a 

crop. All-weather roads (Moran 1984) and availability of 

transport are important factors in access to markets. 

Markets for different products will have different degrees 

of stability. But while some commodities traded on world 

markets may provide returns great enough to attract small 

holders in remote regions to produce them, they may also be 

subject to sudden and wide fluctuations in price over which 

the individual farmer has no control. 

Just as market cropping is becoming an important small 

holder strategy today, non-agricultural options such as off-

.. _-------



119 

farm employment, and artisanal and commercial activities 

play a critical role in small holder household incomes in 

Latin America. Deere and Wasserstrom (1980) examined ten 

studies in Latin America and found that a majority of rural 

families obtain a substantial portion of their household 

income, from 30 to 60%, from off-farm sources, principally 

wage labor. The reasons for engaging in wage labor may be 

various, including 1) diversification to reduce risk 

(Collins 1987), 2) higher, more secure, or more rapid 

returns to wage labor than to farm work, and 3) need for 

cash. The importance of wage labor has two major 

implications for agricultural decision-making. The first is 

its influence on labor availability. Collins (1987) 

discussed how inability to produce enough to support a 

household on small landholdings can force people to engage 

in wage labor that reduces the amount of labor they are able 

invest in farm production. The result can be a simultaneous 

land and labor shortage that can result in low labor 

investment in land management, declining yields, and land 

degradation. Secondly, the existence of wage labor 

opportunities that provide better or more secure returns 

than agriculture can serve as an alternative to agricultural 

intensification. This is often the case in frontier areas 

where wages are generally high (Moran 1988). 

--------
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There are environmental and social limits to 

agricultural options. Brush (1987) found that agriculture 

in the Peruvian Andes, which has been able to support dense 

populations for millennia, may be reaching its ecological 

and social limits. Recent intensification has increased 

production, but instead of rewarding the farmer with 

increased income may only be increasing indebtedness and 

environmental degradation (Brush 1987). The increased labor 

required for intensive agriculture may be unacceptable to 

extensive land users who see large remaining areas of forest 

as desirable for colonization (Clarke 1976)0 The social 

limits of intensification, may make migration, to either 

urban areas or to colonize remote lands, an acceptable 

alternative to intensifying agriculture. 

Environmental factors, such as climate and soil 

characteristics can influence land use choice along with 

socio-economic factors. Environmental factors are summed up 

comprehensively in systems to determine land use capability. 

One such system exists for Costa Rica (Tropical Science 

Center 1988a), using climatic, edaphic, topographic, and 

drainage parameters to assign 10 different land use 

capability classes. These classes are ranked from highest 

to lowest intensity of use: Annual crops (3 yield classes), 

permanent and semi-permanent crops, pasture (2 intensities), 

tree crops, forest production (2 intensities), and 
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protection forest. Land use capability classes should not 

be viewed as absolute and immutable. Dourojeani (1984; 

cited in Little and Horowitz 1987) reported how three 

different methodologies to analyze land use capability in 

Peru produced results recommending vastly-different amounts 

of land appropriate only for forest cover for the same area, 

ranging from 5% to 65%. Collins (1986) suggested that 

constraints imposed by land characteristics are not 

absolute. She suggested that it may be possible to overcome 

these constraints by fertility augmentation or other 

improvements, such as terraces, if competing demands for 

labor do not exist. In addition, poverty and lack of other 

opportunities can make the low returns for agriculture on 

poorer lands acceptable to some people. 

Attitudes and objectives can also play a role in land 

use choice. A number of researchers have linked attitudes 

to cattle ranching. The status of cattle ranching, 

symbolized by the prestige and relatively easy working life 

of the rancher on horseback is frequently suggested as a 

motivation for cattle grazing as a land use choice (see 

Meehan and Whiteford 1985). Barlett (1982) focused instead 

on the preferability of cattle grazing in terms of labor 

efficiency and risk minimization. In addition, the 

importance of coffee as the key factor in Costa Rica's 

historical development (especially the rise of the elite 
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class) (Seligson 1980), suggests that permanent cropping can 

also be prestigious. Moran (1987) cites a historical 

tendency for Iberians to prefer to control large amounts of 

land rather than mobilize the labor required for 

intensification, choosing instead to invest capital in 

mercantile enterprises, military expenses, and conspicuous 

consumption. 

It is difficult to evaluate the role that attitudes 

playas opposed to simple rational responses to material 

factors; attitudes and responses to material factors 

simultaneously exert pressures that influence human 

decisions. But distinguishing between these two categories 

of responses is not merely of academic interest. When 

attitudes are the principal factors influencing land use and 

natural resource use choices, planned land use change 

programs should emphasize education and persuasion. When 

material factors are primary, land use change may only be 

achieved by modifying the material factors and incentives-

such as land tenure, credit availability, market factors, 

etc--to engage in different land uses. Since material 

factors have been demonstrated to be important determinants 

of agricultural behavior, it seems appropriate to first 

focus on the material factors while remaining aware of the 

role that attitudes or cultural preferences can play. 
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Land speculation as an objective, whether driven by a 

colonizing mind-set or government policies that make it 

rational, can also influence land use choice. Land 

speculation is common to frontier areas as diverse as the 

American midwest in the 1800's and the Brazilian Amazon 

today (Moran 1988). Hecht (1983) pointed out how government 

policies and national economic trends, such as inflation, 

result in increasing value of land for exchange in spite of 

land degradation and declining productivity. Land 

speculation has played an important role in recently 

colonized lands in the lowland tropics of both Brazil and 

Costa Rica (Smith 1981; Hartshorn et al. 1982). Land 

speculation generally favors controlling large amounts of 

land by demonstrating use with minimal investment, and thus 

is characterized by extensive land uses such as cattle 

grazing. 

Conclusion 

The high rate of deforestation in Costa Rica can be 

best addressed by first understanding its underlying causes. 

Although the problem has its roots in trends at the national 

level that result in migration from the better agricultural 

lands in Costa Rica to the lowland tropics in search of land 

and economic opportunity, efforts to develop solutions must 

focus on encouraging more sustainable land uses by 

landholders that have settled in the lowland tropics, since 
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migration trends are unlikely to reverse in the near future. 

A review of the literature on agriculture in the lowland 

tropics reveals that the lowland tropics are not as unsuited 

for agriculture is sometimes thought. Many of the dramatic 

failures of agriculture and ranching in the lowland tropics 

have their roots as much in socio-economic causes as in 

environmental causes. The literature related to land use 

choice provides a list of factors that have been shown to be 

important determinants of land use choice in other studies. 

This list provides a framework that will be used in 

analyzing the rationale behind different land uses present 

in the study area. 

----------
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LAND USE CHOICE IN SOUTHWESTERN SARAPIQUI 

The previous chapter reviews the literature and 

summarizes the factors that play important roles in 

individual land use and agricultural choices. In this 

chapter, land uses currently being practiced in southwestern 

sarapiqui will be discussed in light of these factors, with 

the objective of presenting the r'ationale behind existing 

land use patterns in a systematic way. To facilitate 

comparison of different land uses, a chart is presented that 

summarizes both the numerical data collected and the more 

subjectively evaluated factors for each land use (Table 16). 

Detailed descriptions of the land uses are than presented. 

Finally, the ways in which landholders mix different 

agricultural options into farming systems are discussed. 

Land Tenure 

Land tenure has often been seen as a key factor 

influencing land use choice. In particular, insecurity of 

land tenure may discourage investment in land improvements 

or land uses which do not provide immediate returns, such as 

permanent crops and forestry. Therefore it is important to 

determine the role that land tenure related factors play in 

land use choice in the study area prior to considering 

individual land uses. Seven land tenure catego~ies were 

used in the household survey: Four categories of untitled 

--------------



Table 16. Means for socio-economic factors by land use. 

Land Use: RICE BEANS COFFEE PEPPER CATTLE CATTLE C1{ITIE 

CHEESE CHEESE 1NIM\IS 
<25 Ha >25 Ha 

Factor: 

HECTARES IN .8 .48 1.6 .37 13.8 81.3 187.5 
LAND USE (X) 

RETURNS/HA ($) 314.5 128.5 678.7 3951.0 156.7 74.6 41.2 

LABOR INPUT 48.3 24.2 68.0 333.4 26.3 13.7 6.7 
(JORNALES/ 
HECTARE/YEAR) 

RETURNS TO 7.5 6.1 7.36 11.85 4.35 10.4 7.1 
LABOR ($/ 
JORNAL) 

CASH INPUT/HA 29.5 23.9 244.0 299.0 23.1 31.0 65.3 
($/HA) 

# HOUSEHOLDS 16 23 42 45 11 15 7 
(n) 

LAND HOLDING 17.6 31.7 27.5 19.2 16.1 108.2 243.2 
SIZE (HAS) 

RISK H M L/M M/H L L L 

KEY: RISK: H=Highi M=Moderatei L=Low. 
...... 
~ 
0'\ 



127 

landholdings: 1) squatters ("precaristas"), 2) squatters who 

has earned rights of occupation under costa Rican law 

("derechos de posesion"), 3) bill of sale ("carta de 

venta"), and 4) survey plot (llplano catastradoU); 5) fully 

titled land; 6) land parcels officially awarded in a land 

reform program by IDA ("parcelero"); and 7) rented or 

"borrowed land, usually applying more to a house than a 

significant amount of land. The breakdown of land tenure in 

the study area, Table 17, shows no households who see 

themselves as outright squatters (their legal status may be 

different), and one household with only rights of 

possession. The high number of households with a survey 

plot, title, or IDA parcel indicates that insecure land 

tenure is not a serious problem in the study area. During 

the research period, no instances of land disputes were 

reported in the study area. Land value does increase with 

security of tenure, presumably due to: 1) the ease of 

defending one's rights of possession of the land in the 

unlikely event that it would be contested, 2) the existence 

of multiple claims on some land, and 3) the possibility of 

counterfeit bills of sale. The most important effect of 

lack of title is unavailability of bank credit, since titled 

land must be used as collateral on loans for land 

improvement and agricultural investment (Seligson 1980:92). 

It is difficult to evaluate the effect of lack of title in 
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southwestern Sarapiqui. A strong aversion to using land to 

secure a loan was expressed by virtually all people 

interviewed. It appears that few people would use their 

land as collateral to obtain credit even if they had title, 

preferring to develop their farms more slowly on a cash 

basis rather than risk losing their land. But the 

possibility that some people might be willing to take the 

risk if the opportunity were there cannot be discounted. 

Table 17. Land tenancy in the study area. 

Tenancy N % % of total land 

Squatter 0 0 0 

Rights of Possession 1 .6 1.3 

Bill of Sale 8 4.6 .4 

Survey Plot 16 9.2 5.8 

IDA Parcel 53 30.6 12.7 

Titled Land 81 46.8 79.8 

Rent or Borrow 14 -1h.1 0.0 

N = 173 99.9 100 

Subsistence Production 

Subsistence cropping is very limited in the study area. 

Even those households earning all their income from farm 

sources purchased most of their food with money earned from 

cash crops. The median household expenditure for food was 

----------
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$21.00 per week. The minimum expenditure for food was $6.25 

per week and only 5% of the households reported spending 

less than $10.00 per week. Low food expenditures appeared 

to be related as much to poverty as to production of 

sUbsistence crops. Subsistence staples are rice and beans, 

which are generally eaten three meals a day. Corn may be 

used for tortillas, especially in more isolated areas; other 

people serve purchased bread. Root crops--"yuca" (Manihot 

esculente), "tiquisque" (Colcasia esculente), "malanga" 

(Xanthusoma spp), "nampi" (Xanthusoma spp cv), and "camote" 

(Ipomoea batatas)--are consumed frequently by some people, 

especially in "olla de carne" (a soup dish consisting of 

boiled meat and vegetables), but do not approach the 

significance of rice and beans in the diet. Plantains and 

bananas (Musa spp) are boiled (green) and used as a starch 

in addition to being consumed ripe in their more familiar 

roles. 

A wide variety of fruits are consumed and cultivated in 

home gardens, including various citrus species (Citrus spp) , 

papaya (Carica papaya), carambola or star-fruit (Averrhua 

carambola), avocado (Persea americana), "manzana de agua" 

(Eugenia jambros), pineapple (Ananas comusus), "guanabana" 

(Psidium guiava), guava (Inga spp) , bread fruit (Arctocarpus 

spp). "castana" (Castanea sativa), coconut (Cocos nucifera), 

leeche nut ("mamon chino", Nephelium spp) , peach palm 

---------------- -- ---
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("pejibaye" , Bactris gasipaes), "guayaba" and "cas" (PsidiuIn 

spp), as well as other less common fruits and nuts. Home 

gardens in Sarapiqu1 provide almost exclusively non

essential subsistence items. They are neither the source of 

subsistence staples nor items for sale. Labor investment in 

home gardens is low, since they generally consist of fruit 

trees interspersed with root crops, both of which require 

very little labor. 

Rice and beans are most commonly cultivated as 

intermediate stages during conversion from forest to 

pasture. When they are cultivated, rice is cultivated the 

first year immediately following forest clearing (felling of 

less valuable trees and cutting and burning of undergrowth). 

The following year beans may be cUltivated in what is then 

weedy to woody second growth (locally referred to as 

"charral"). The land may then be left fallow, or more 

commonly, pasture is planted (by vegetative cuttings) 

immediately following the harvest of the beans. Cultivation 

of rice and beans immediately following clearing and burning 

of the forest takes advantage of: 1) the easily worked 

conditions of the forest soil; 2) the higher nutrient status 

of the soil that has been unCUltivated in recent years; and 

3) the release of nutrients from the forest vegetation by 

burning. Once land is in pasture it is rarely returned to 

subsistence cropping due to: 1) the difficulty of 

._-- --------- - - ._-------
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eliminating grass, 2) difficulty in cUltivation due to soil 

compaction, and 3) poor yields due to low nutrient status. 

Small (.5 to 2 hectare) fallow patches are sometimes left 

for future cUltivation of beans. Landholders give three 

principal reasons for the low incidence in cUltivation of 

seed crops (rice, beans, and corn): 1) low soil fertility, 

2) lack of a distinct dry season, resulting in frequent crop 

losses to sprouting or spoilage if several consecutive days 

of rain are experienced during the harvest, 3) crop damage 

by birds, principally doves, parrots, and finches that 

thrive in the disturbed landscape. 

Rice 

Rice, when cultivated, is almost exclusively for 

SUbsistence use. It is always cultivated by slash and burn 

methods on forested land. Generally the forest is cleared, 

leaving the more valuable timber trees standing. The cut 

material is then allowed to dry and is burned. Burning is 

often difficult due to the frequent rains. Rice is planted 

with a dibble, several grains per hole, following burning. 

It must be weeded as many as three times before it is high 

enough to out-compete the weeds, and requires a heavy labor 

investment to harvest. Rice is produced cheaply on the 

mechanized farms of the Guanacaste region of Costa Rica. 

The relative scarcity of labor in southwestern sarapiqui, 

reflected in high wages and difficulty in hiring sufficient 
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people to harvest the crop rapidly, combined with the risks 

of crop loss due to rain or birds, makes rice cUltivation 

unattractive for many landholders in the study area. 

Rice is generally only cultivated in the process of 

converting forest to pasture, due to the high labor input 

involved. During conversion of forest to pasture, much of 

the labor involved in shifting rice cultivation--that of 

felling the forest and clearing the undergrowth--is already 

being performed. Thus rice is sometimes planted as an 

intermediate stage between forest and pasture. Only 16 

households (9.2%) of the 177 surveyed reported planting 

rice, and all but two of these were from the El Roble colony 

where forest clearing was common. The two exceptions from 

San Ramon were brothers and long-time residents of the 

region who said they had planted the rice mostly out of 

nostalgia. The mean size of rice field per household was 

.80 hectares. 

Labor inputs for rice averaged 41 jornales (1 jornal = 

6 hours) per hectare for one crop. To compare the returns 

from rice to other land uses in cash, the retail price was 

used, since rice grown was used as a sUbstitute for 

purchased rice (Chibnik 1978). Retail prices for basic 

grains in costa Rica are set by the government, and change 

during the year. In addition, during times of shortage, 

basic grains may be unavailable at the government-set price, 

------ -----
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and a higher black market price must be paid. This makes 

determination of an average price difficult, but after 

discussion with the local storekeeper and local residents, 

an average retail price of $.50 per kilogram was chosen. 

The mean returns per hectare of $248 and return per jornal 

of $6.86 are relatively high compared to cattle grazing and 

wage labor. Rice cUltivation is constrained by the lack of 

suitable land and the risk posed by climatic conditions, 

combined with the large overall labor investment, especially 

during harvest when large amounts of labor must be mobilized 

to harvest the crop before it is spoiled by rain. Due to 

the involvement of a large percentage of people in permanent 

or' semi-permanent wage labor, the available labor pool is 

small and wages relatively high. It is thus difficult for 

most rice producers to hire sufficient labor to harvest 

their crop. 

Beans 

Bean CUltivation is more widespread than rice 

CUltivation. 40 landholders (24.3%) of the 177 interviewed 

reported cultivating beans. The mean size of beanfields was 

.48 hectares. Beans may be cultivated in two ways; planted 

("sembrado") or broadcast ("tapado"). The broadcast method 

is by far the most common. In this system, a fallow area 

("charral") with several years of second growth is selected. 

Paths are cut through charral with a machete. Seeds are 

_._. _._-----
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then broadcast throughout the field, after which all the 

charral is felled on top of the seeds where it serves as a 

mulch. No further work is done until harvest. This system 

has both low labor inputs and lack of purchased inputs. 

Seeds are generally saved, although 30.7% of households 

cultivating beans reported purchasing seeds. Generally 

seeds are purchased because beans have not been cultivated 

the previous year. When seeds are purchased, every effort 

is made to obtained them from neighbors, since commercially 

available seeds are often not adapted to the local soil and 

climatic conditions. 

In the recently colonized El Roble settlement, beans 

are often planted as a step in conversion to pasture or in 

cleared but unutilized land. In San Ramon, where there is 

little forest clearing and underutilized land is rare, it is 

not uncommon for landholders to reserve 3/4 to 1 1/2 

hectares of land in charral for planting beans. The 

reserved area is generally divided in half, with beans being 

cultivated in each half in alternate years. Annual 

CUltivation results in grass invasion, and the two year 

system tends to result in a weedy to woody fallow, although 

grass invasion may still occur. If soil quality goes down 

or weeds invade, another area may be sought out. Several 

landholders report continuous CUltivation in alternate years 

for 10 or more years. 
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Annual labor investment per hectare in bean production 

averaged 23 jornales per hectare. As with rice, the retail 

price was used. An average retail price of $.49 per 

kilogram was chosen. Mean returns per hectare were $137, 

which, considering that the land is cultivated only every 

other year, is very low. Bean cUltivation is related to 

landholding size (Table 18), with the highest percentages of 

Table 18. Number and percentage of households in three 
landholding size classes cultivating beans in the study 
area. Chi-square; significant at .05 level. 

n 

.1 - 25 hectares 21 

25.01 - 100 has. 19 

> 100 hectares 2 

% 

19.1 

48.7 

6.3 

N 

110 

39 

-M. 
165 

landholders cultivating beans being those with between 25 

and 100 hectares. Barlett (1982) found that for large 

landholders, extensive production of corn and beans had the 

highest returns to labor. Small landowners suffered 

decreased returns to land and labor as a result of land 

degradation due to their inability to rotate cropping with 

fallow, and switched to more intensive CUltivation 

techniques--intercropping of tobacco with corn and beans on 

terraces. The tobacco/corn/beans rotation produced a 

similar amount of beans per hectare, but required greater 
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labor inputs and resulted in lower returns to labor than 

extensive methods on rotated lands (Barlett 1984). with 

only extensive land uses being practiced in Sarapiqui, it is 

not surprising that bean production was more likely for 

large landholders, since they are able to leave some land in 

fallow, not having as pressing a need for pasture. Small 

landholders (less than or equal to 25 hectares) have a mean 

annual return per hectare of pasture of $156.7, while large 

landholders (greater than 25 hectares) have a mean annual 

return per hectare of pasture of $74.6. Allowing for fallow 

periods, mean annual return per hectare of beans is only 

$68.5. Thus, in spite of the better return to labor of 

beans over cattle grazing, small and medium-sized 

landholders cannot afford the low return to land, which is 

less than half that of cattle grazing. Large landholders 

receive a return to land from beans only slightly less than 

that of pasture for their landholding size class, and, due 

to the larger size of their landholdings, are better able to 

afford dedicating the land to the bean/fallow combination. 

Large landholders, with a greater percentage of their land 

in forest, are also more likely to be able to create a new 

beanfield by clearing forest or charral if fertility drops 

or grass invasion occurs. For those converting forest to 

pasture, the one year yields from beans are competitive with 

-----------
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intermediate step. 
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Several individuals have begun to intercrop beans with 

young coffee or black pepper plants. Intercropped beans are 

planted in the same rows as the pepper or coffee plants, in 

the space in between individual plants. Seeds are planted 

with a dibble~ Since the young pepper and coffee plantings 

must be weeded anyway, planting of beans requires only 

slightly more labor. Any fertilizers used benefit both 

crops, and the nitrogen-fixing ability of the beans is 

believed to benefit the pepper or coffee. Since 

intercropping was in its first year of practice by all 

households engaging in it, detailed labor inputs and yield 

data were not collected. As more and more landholders plant 

coffee or pepper, intercropping with beans can be expected 

to become more common. 

Root Crops 

Most households have some root crops planted, ranging 

from a few plants in a dooryard garden to up to a hectare. 

Roots crops are used for household consumption and fed to 

pigs and chickens. Several people reported attempts to grow 

root crops commercially. All reported failures due to slow 

crop development in the infertile soil and difficulties 

transporting their crop to distant urban markets for sale. 

Cultivating root crops at a SUbsistence level requires very 
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little labor. Root crops are often interplanted in young 

coffee plantations or among other permanent crops, or 

planted in fallow beanfields. The only labor necessary for 

CUltivation of root crops is planting, one weeding, and 

harvesting. Harvesting, and to some extent planting, are 

done a little at a time and labor investments are small and 

sporadic. Detailed labor investment data were not gathered 

for root crops because of the difficulty in aggregating 

small labor inputs for labor performed in many short blocks 

over a long period of time, and due to the fact that root 

crops are a minor land use. 

Cattle Grazing 

Cattle grazing is the principal productive land use in 

southwestern Sarapiqui. Eighty-three percent (N=60) of all 

landholders with any reported cash income from their land 

had cattle. Cattle ranching is engaged in by medium to 

large landholders. Cattle ranching takes on several forms 

in the region (Table 19). Most resident landholders use 

"doble propositoll ("dual purposell ) cattle, generally an 

imprecise cross between a Holstein (for milk production) and 

Brahma (for disease resistance and ability to thrive in the 

tropical climate). This type of cattle produces milk in the 

lowland tropical climate, from which cheese can be made. 

Cheese is sold to middlemen who visit San Ramon once a week. 

Milk is picked up by national dairies in San Miguel, and a 
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Table 19. Types of cattle operation by product and 
landholding size, for farms with a net return of over $1000 
in the study area. 

Type of Landholding N % 

Cheese; ~ 25 ha 11 28.9 
Cheese; > 25 ha 15 39.5 
Animals; ~ 25 ha 1 2.6 
Animals; > 25 ha 7 18.4 
Milk; > 25 ha 3 7.9 
Mixed (Cheese and Beef); > 25 ha --1 ~ 

38 99.9 

few people near there sell milk instead of cheese, which 

gives better returns. Beef production with pure Brahma 

cattle is rare; more common among absentee-owned farms is 

the use of the ranches for production of young animals that 

are then taken elsewhere for fattening. Most of the 

absentee-owned ranches, other than those owned by "weekend 

ranchers", are linked in this way with ranches in flatter, 

more productive areas outside the study area. Part of the 

motivation for this system appears to be speculative. 

Untitled land can be purchased relatively cheaply and 

increases in value if title is obtained or access improved. 

Both of these ways to increase value are more accessible to 

larger, wealthier landholders than to the original squatters 

who cleared the forest and created the pasture. Small 

landholders may also focus on selling calves rather than 

cheese if they lack the time for management of a dairy 

operation due to off-farm employment. 
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Cheese production is the dominant production goal of 

resident cattle owners. The idealized operation of this 

type, as described by residents of the region, involves 

producing cheese for weekly sale to meet Subsistence 

expenses, periodic sale of calves or unproductive large 

animals for additional income (if a loan to purchase cattle 

has been taken out, this money is frequently used to make 

the payments), and raising several pigs for sale or home use 

on the whey left over from the cheese-making. 

Cheese-producing operations do not have the low labor 

inputs of beef production due to the considerable time spent 

on animal management. Cows and calves are put into separate 

pastures overnight to allow the cow to build up a store of 

milk. In the morning the cows and calves are brought 

together, and the calves are allowed to suckle for a period 

of time to encourage the cow to release its milk. The cows 

are then milked, but because they often withhold milk, the 

calf is tied near the cow but just out of reach, and 

periodically must be loosened and allowed to suckle in order 

that the cow will continue to release her milk. Following 

milking, the cows and calves are put together in a holding 

pasture for a few hours, after which they are taken out to 

separate pastures for the night. The additional work 

required by the dairy.portion of the operation--milking, 

moving the animals several times a day, making cheese, 
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transporting cheese to the pick up point--accounts for 54% 

of the total labor invested (Table 20. 

Table 20. Average daily labor investment for cheese 
producers in different activities. From labor allocation 
study, San Ramon. N=8. 

X (hours) --L 

Moving of animals between 
milking site and pasture 1.56 15.9 

Milking 2.83 28.9 

Cheese production and 
transport .97 9.9 

Weed cutting and pasture 
maintenance 2.16 22.0 

Fence repair 1.10 11.2 

Travel .45 4.6 

Misc. animal care ~ ...2d 

X = 9.80 99.9 

Comparison of Large Cheese and Animal Producers 

Absentee land ownership was the only factor 

differentiating between cheese production and beef cattle 

production (either young are mature animals) among large 

landholders. Large beef cattle ranches have similar 

stocking rates to cheese producers, but lower returns per 

hectare (Tables 21, 22, & 23). The lower returns (per 

hectare and per jornal) for absentee animal producers, 

- _. - - ------ -----
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compared to that of cheese producers, is in part due to the 

need to hire a farm manager and farm labor. 

Table 21. stocking rate for different types of cattle 
operations and land holding sizes in the study area. 

CHEESE ANIMALS 

s; 25 HA > 25 HA > 25 HA 

Animals per Hectare 1.0 

N 15 7 

1 Significant at .05 level, Mann-Whitney U Test. 

Table 22. Land holding size, returns per hectare, labor 
investment, and returns per jornal for large cattle ranches 
selling beef or animals. 

Mean land holding size (hectares) 243.2 

Return per hectare ($) 

Annual labor investment
1 per hectare (j ornales ) 

Return per j ornal 

7 1. 1 h N =. Jorna =6 ours. 

41.2 

6.7 

7.1 
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Table 23. Mean land holding size and returns per hectare 
for cheese producers in two land holding size classes, S 25 
hectares and > 25 hectares. 

CHEESE 

S 25 HA > 25 HA 

Mean Land holding size (hectares) 16 108.2 

Return per Hectare ($) (1) 156.7(2) 74.6(2) 

n 11 15 

1 Annual gross income minus annual fixed and variable costs 
(Barlett 1982) 

2 Difference in animals per hectare and returns per hectare 
for cheese producers with S 25 hectares and > 25 hectares 
significant at .05 level, Mann-Whitney U Test. 

Comparison of Large and Medium Cheese Producers 

The most striking differences were found between cheese 

producers with medium-sized landholdings (25 hectares and 

below), and those with large landholdings (more than 25 

hectares) (see Tables 22 & 23). Medium landholders had 

stocking rates and returns to land approximately two times 

those of large landholders. These results indicate that 

medium landholders are using their land much more 

intensively than large landholders. This is not unexpected 

since those with less land must often use their land more 

intensively to produce sufficient income to support their 

households, while those with more land can accept lower 

-- --- ---- ----
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support their households. 
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A brief study of labor investment by cheese producers 

with different sized land holdings was also conducted. 

Selection of landholdings for this study was not random. 

Practicality dictated that a portion of the study area be 

chosen where several farms specializing in cheese production 

were close enough together that they could all be visited in 

the same day. Eight farms were visited every day for two 

different one week periods, and all agricultural labor, to 

the ne~rest 15 minutes, for each family member from the 

preceding day was recorded. This sample differed from the 

larger study area in two ways: 1) landholdings in the over 

25 hectare group were smaller than the regional average for 

this group, and 2) returns per hectare were almost identical 

for the both groups. In spite of these differences, this 

data revealed that medium-sized landholders invest more 

labor per hectare and also receive lower returns to labor 

(Table 24). These results support the Boserup hypothesis 

that intensification increases productivity of land but 

decreases productivity of labor, and thus will only be 

undertaken by those who have higher population to land 

ratios. 

----------.-- - -- ------------------------
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Table 24. Stocking rate, returns per hectare, labor 
investment, and returns per jornal for farms in the two week 
labor allocation study. 

CHEESE 

Mean Land holding size (has) 

Animals per hectare 

Return per Hectare ($) 

Annual Labor Investment (1) 

per Hectare (jornales) 

Return per Jornal ($) 

n 

~ 25 HA 

15.3 

1.5 

114.1 

26.3(2) 

4.35(2) 

3 

1 One jornal equals six hours of work. 

> 25 HA 

66.0 

.8 

112.7 

13.7(2) 

10.40(2) 

4 

2 No test of significance performed due to non-random 
samples. 

Standard Deviations: Labor Investment: ~25: 1.1 >25: 8.7 
Returns/Jornal: ~25: 1.1 >25: 5.3 

Cattle production in general is characterized by low 

returns per hectare, even for the most intensively managed 

small landholdings. These low returns per hectare 

effectively exclude small landholders from cattle grazing. 

Cattle grazing has a relatively high cash investment 

requirement as well. On the positive side, cattle grazing 

has a very low risk. Failures in cattle operations are 

rare, especially if debt is minimized. In addition, markets 

for cattle and dairy products are relatively strong and 
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stable. The market for beef has fallen off somewhat in 

recent years, as the government and international banks have 

reduced subsidies for beef exports, but markets for milk and 

cheese for domestic consumption remain strong. 

Cattle production has several aspects that make it an 

attractive land use in spite of the low returns per hectare. 

Entry into cattle grazing, while expensive due to the need 

to purchase fencing and animals, can be done gradually and 

is made easier by the liquidity of investments in cattle. 

The two common ways of entering into cattle grazing are by 

using someone else's cattle on a share basis and by a bank 

loan. 

In the share option (referred to as "a medias"), a 

farmer persuades someone with a large cattle herd to lend a 

number of cows, perhaps 6 to 10 animals, to be pastured on 

his land. Offspring from the cattle are divided between the 

two individuals, as is any increase in value of each cow 

when it is eventually sold. The individual providing the 

pasture receives all milk produced. This method, which 

provides an opportunity to build a herd with no capital 

outlay, seems to have been more common in the past than it 

is today. The "a medias" system appears to benefit the 

borrower of animals more than the lender. Most large 

landholders do not have their land so heavily stocked that 

they cannot support the extra animals on their own pasture, 

~----------
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and loaning of animals seems to be done more out of a sense 

of familial or social obligation. More and more large 

landholders now are absentee owners and are not sufficiently 

tied into the social system to choose to enter into this 

sort of agreement. Hopeful cattle ranchers complain of 

difficulties in finding anyone who will enter into an "a 

medias" relationship with them. Bank loans for cattle 

purchases are not common or easily attained, but are 

available. Loans for cattle have a distinct advantage over 

agricultural loans in that the animals are branded by the 

bank as collateral, in place of using land as collateral. A 

final advantage of cattle is that investments in cattle can 

be reversed if a sudden need for cash appears by simply 

selling the cattle, a property not shared by other 

agricultural investments. 

Pasture is the land use of choice for land speculation 

because it demonstrates productive use of large amounts of 

land with low investment. Forest land may be considered 

under-utilized and thus subject to organized invasions by 

squatters, which are difficult and expensive to repel. 

Investments and operating costs per hectare for cattle 

grazing are considerably lower than those in permanent 

cropping, particularly if fencing is limited and stocking 

rates are low. Labor requirements for non-dairy operations 

are low, as little as one person for 250 hectares of land • 

... _.- ... - ---_.-----
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Large cattle ranches are often put together from numerous 

small holdings that are purchased without title. Wealthier 

urban people have greater access to titling procedures and 

are thus able to realize significant increases in value 

simply by titling land. Pasture is already present on 

purchased land, as is some fencing. 

It is difficult to evaluate the degree of land 

speculation present in the region. Landholders do not admit 

to land speculation, in part because they may consider 

themselves investors, not speculators. Large landholders 

also report their own problems and difficulties. These 

include possible conflicting claims on untitled land that is 

purchased; the expense and difficulty of conducting the 

bureaucratic transactions needed to title land (these 

include demonstration that the land is not claimed by any 

government agency); and the ever-present danger of invasion. 

However the fact remains that small, untitled holdings are 

increasingly being concentrated into large absentee cattle 

ranches, and that the exchange value of the land increases 

dramatically when title is acquired and access improved. 

These facts suggest that speculative motives may be 

involved. 

Permanent Crops 

Except in home gardens, permanent crops are cash crops 

produced for either the domestic or international market • 

.. __ ._-------
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As can be seen in Table 16 summarizing the data from 

different land uses, permanent crops provide the greatest 

returns to land, and thus represent the best option for 

intensifying land use in the region. In general, 

constraints to permanent crops include 1) high initial labor 

investment in planting and cUltivation combined with a 

waiting period of 3 to 5 years before production begins; 2) 

lack of familiarity with crops and CUltivation techniques; 

and 3) market factors, including lack of local buyers and 

uncertainty of world market prices. 

Coffee 

Arabica coffee is the mostly widely cultivated cash 

crop (32.4% of households interviewed). This is in spite of 

the fact that the entire study area was lower than 400 

meters elevation, and arabica coffee is not considered an 

acceptable crop below 500 meters elevation. Problems 

encountered in lowland coffee production include: 1) 

Disease problems, especially fungi, are more common cause 

losses in productivity and increase time and cash spent 

spraying plants. 2) Seed development is poor, and many of 

the double-seeded fruits are half empty. Since coffee is 

measured by volume when sold, coffee processors dislike 

purchasing lowland coffee or pay lower prices because the 

empty seeds are of no value and are removed during 

processing. 3) The lack of a distinct dry season results in 
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uneven ripening. In the highland coffee growing regions, 

coffee berries ripen more evenly with the onset of the dry 

season, and thus large quantities of coffee may be picked 

from a bush on each pass through the field. In the 

lowlands, coffee ripens unevenly, yet falls to the ground 

and is ruined when it rains. Because of the uneven ripening 

and high rainfall, coffee berries in the lowlands must be 

picked selectively and frequently, and amounts picked per 

hour are considerably less than in the highlands. The 

result of this is that coffee growers in Sarapiqui are 

paying twice the nationally recommended rate per unit of 

volume of coffee picked, and must sell their coffee for a 

lower price than highland coffee. 

In spite of these difficulties in cultivating arabica 

coffee in the lowlands, it is still the preferred permanent 

cash crop. Landholders explain their choice of coffee by 

saying that sometimes it makes a little money and sometimes 

it makes a lot, but that it always makes money. Coffee is 

the number one export crop in Costa Rica (Leonard 1986), as 

well as the crop that enabled the development of Costa Rica 

in post colonial times (Seligson 1980). The infrastructure 

for marketing coffee is well-developed and landholders have 

great confidence in the long-term coffee market. In 

addition, many of the settlers in Sarapiqui are from coffee-



growing regions and have experience cultivating their own 

coffee or working as wage laborers in coffee plantations. 
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Coffee is a relatively new crop in the study area, and 

the amount of land planted in coffee per landholder is 

small. The mean length of time coffee has been cultivated 

by current cultivators is 3.8 years, and the average size 

coffee plot is 1.6 hectares. Coffee is not always 

cultivated with high inputs; less than 60% of the households 

cultivating coffee use fertilizers, pesticides, and 

herbicides (see Table 25). Some coffee cultivators minimize 

Table 25. Percent of households using chemical inputs for 
coffee and black pepper. 

Coffee Pepper 

Herbicide 54% 40% 

Pesticide 59% 88% 

Fertilizer 59% 80% 

N = 37 N = 26 

both cash and labor inputs, which reduce yields but make a 

poor harvest less costly. The returns to land for coffee 

are over 4 times those for small holder cattle grazing, and 

the returns to labor are 1 1/2 times better. Coffee can 

thus serve as a more intensive option to cattle grazing, but 

its widespread adoption is constrained by: 1) the high 

initial investment and long wait for maturation: 2) by the 

-----------
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labor bottleneck encountered during harvest; and 3) by 

disease and production problems related to the wet, lowland 

climate. 

Black Pepper 

Black pepper is well-suited to the lowland tropics-and 

is currently a very popular choice for expatriate absentee 

agriculturalists in the region surrounding the study area. 

Preliminary inquiries about returns per hectare of black 

pepper from private agriculturalists and government 

extension agents suggested that a campesino family could 

make an adequate living from as little one hectare of black 

pepper. Black pepper was not being adopted by any 

landholders in the San Ramon area, with the reasons 

generally being given being: 1) the expense of initial 

start-up (especially the purchase of posts, which are 

generally of manu, Minguartia guianensis, a rot resistant 

wood that has been largely exhausted in the San Ramon area 

and does not grow well in plantations); 2) lack of 

familiarity with cUltivation techniques; and 3) uncertainty 

about the market, especially in the long term. 

Black pepper was being adopted by the "parceleros" 

(parcel holders) in an IDA settlement just outside the San 

Ramon area, the community of EI Roble. Because black pepper 

appeared to be an example of a potential intensive 

alternative land use for the area, the study area was 



extended to include El Roble with the objective of 

understanding the conditions under which an intensive 

perennial crop was being adopted and to collect data to 

compare it to other land use options. 
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The history of the black pepper among the parcel eros in 

El Roble is complex. They were introduced to black pepper 

when many of them began working as laborers on a black 

pepper plantation adjacent to the IDA settlement. Through 

this experience, they acquired a familiarity with the 

cUltivation techniques and a confidence in the marketability 

of black pepper. The plantation owner agreed to an 

arrangement in which he would permit them to take cuttings 

from his plants at a much lower cost than plants could be 

purchased elsewhere ($.25 as opposed to $.75 to $1.25), and 

with the cuttings being paid for with pepper once their 

plantations reached full productivity. He also agreed to 

purchase their harvest at prevailing market prices. 

The parceleros then approached IDA, which agreed to 

provide loans for pepper start-up out of the nCaja Agrarian, 

a loan program for parceleros. The financing is released 

gradually, as different stages in plantation establishment 

are reached. IDA also agreed to provide technical 

assistance in the form of an extension agent that would 

visit the farmers plantations regularly to advise them on 

cuI ti vat~.on techniques and disease control. Four hundred 
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posts are needed for one quarter hectare of black pepper. 

Because the parcel eros had invaded primary forest land which 

still contained manu, they were able to make posts from 

trees from their own land. The only monetary cost was 

hiring a chain saw operator to fell the trees and cut them 

into post-sized lengths. The parceleros then split the cut 

logs into posts with wedges themselves. The cash outlay for 

a post prepared in this way is about $.25, compared to a 

cost for a finished manu post of $1.00 or more. 

Entry into pepper cultivation was thus made possible by 

the convergence of a number of key factors. The parcel eros 

had familiarity with the crop and CUltivation techniques. 

Sources of posts and young plants enabled them to SUbstitute 

their own labor for cash, reducing the high start-up costs. 

Financing was available to purchase required chemical inputs 

and to defray living expenses during plantation 

establishment. Technical assistance was available. And a 

familiar and trusted market existed for sale of their crop. 

Under these conditions, 57.8% of the parcel eros in El Roble 

who were interviewed (N=45) have begun pepper CUltivation. 

The parceleros' pepper plantations are all very young, 

with the oldest being 3 years old and the average age being 

1.2 years. Since pepper takes 3 or more years to reach full 

productivity, it is too early to completely evaluate the 

investments and returns of black pepper and to compare them 

--------
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to other land use options. Only eight households are 

currently producing any pepper for sale, and none have 

achieved full production. However some preliminary data and 

projections can be presented. 

IDA has provided financing for planting .25 hectares of 

black pepper per household. The mean size of pepper 

plantings is .37 has (N=26), although over half of the 

people planting pepper have planted only the .25 hectares 

for which financing was provided. Annual cash investments 

per hectare (excluding start-up costs) average $299 (N=19). 

Labor investment per hectare currently averages 162.4 

jornales (N=19); but adjusting this figure to include labor 

required for harvesting an average yield gives a projected 

labor investment of 333.4 (N=19) jornales per year. 

Plantation owners, extension agents, and parcel eros are all 

operating under the assumption that they will produce at 

least 1800 kg (dry) of pepper per hectare, which is the 

national average. However small landholders are expected to 

exceed this due to increased management attention. 

Projections based on 1800 kg annual production per hectare 

and on current labor and cash investments (including 

projected loan payments), suggest that a household could 

expect an annual net return per hectare of $3951 (N=19), and 

a return per six hour jornal of $11.85 (N=19). Pepper 

CUltivation does requires the use of chemical inputs (Table 
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25), although because the amount of land per household 

involved is small, the total amount of agro-chemicals used 

is also small. Weeding of pepper is usually done with a 

shovel because of the small area involved. 

other Permanent Cash Crops 

There are other cash crops being cultivated on a small 

scale in the study area, some of which have potential for 

larger scale production. Cocoa ("cacao") is well adapted to 

the lowland tropics and has historically been an important 

export crop in costa Rica. In recent years, Costa Rican 

cocoa plantations have suffered from several diseases, and 

cocoa has decreased in importance. Cocoa plantings do not 

begin to produce for several years, and the long waiting 

period, the high initial investment requirements, and 

susceptibility to disease discourage CUltivation. In 

addition, drying of cocoa in Sarapiqui is made difficult by 

the rainy climate. 

Cardamom is a crop of some regional importance, due to 

the existence of a large plantation and processing plant in 

the region. Many people have a few cardamom plants, but 

only a few have planted significant amounts of land in 

cardamom. Those individuals in the study area who have 

invested in cardamom have been disappointed, since the 

market has not proved as strong as expected. Several 

landholders between Tirimbina and San Ram6n planted cardamom 
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after hearing about government-sponsored loan programs on 

the radio. While they did not participate in the loan 

program, they believed if the government was promoting 

cardamom it would be a good investment. However this did 

not prove to be true. Most are not harvesting due to a low 

market price that does not cover the harvesting and 

transportation costs. 

citrus is very popular with expatriate investors not 

far from the study area, near the community of La Virgen. 

Many of these people are not serious cultivators, but rather 

are investing either as a hobby or to obtain legal resident

investor status in costa Rica. But there is a local juice 

plant producing orange concentrate, which offers a market 

for citrus crops. One of the most successful citrus 

operations in the region is exporting Persian limes to the 

U.S., taking advantage of incentives offered under the 

Caribbean Basin Initiative. citrus trees do well in the 

study area and almost all households have some in their home 

gardens. citrus may have great potential as a permanent 

crop in the region. 

Annatto ("Achiote," (Bixa orellana) is a common home 

garden crop. The red dye which is extracted from around the 

seeds is widely used to color rice and tamales. A few 

people process annatto paste for sale, although it requires 

a large labor investment. Annatto is a crop with potential 
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for use as a natural food coloring in the U.S., producing a 

red dye when concentrated and a yellow dye when diluted. It 

is easily cultivated, and the principal constraint appears 

to be the labor requirement of hand processing and the low 

market price. If processing facilities could be built and 

improved varieties introduced, it has potential as a 

permanent cash crop. 

Ornamental plants for export to the u.s. and Europe, 

principally Dracaena fragrans and D. marginata are currently 

being grown very successfully on large plantations in the 

region. The ornamental plant farm in San Ramon provides an 

example, demonstrating the labor intensity of this land use. 

The farm has 48 hectares in ornamental plants, much of it 

new and not yet producing, and an adjacent packing facility. 

On this relatively small amount of land, 65 people are 

employed working from 48 to 60 hours a week. The amount of 

labor used per hectare on this farm, over one person per 

hectare, contrasts sharply with the large extensive beef 

cattle ranches in the region which employ about one person 

per 100 hectares. Ornamental plant operations in Sarapiqui 

are highly vertically integrated, controlling everything 

from cUltivation to export. The control of quality of the 

plants produced and the control of disease (principally 

fungus) in exported shipments is very important, and favors 

such vertical integration. But the land intensiveness and 
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high labor requirements suggest that ornam~ntal plants could 

also be produced by small. landholders, if technical 

assistance and credit were supplied. 

Pejibaye, or peach palm, is a native plant that 

produces an edible nut and is used for palm heart. The nut 

is a popular snack food in costa Rica and sold on the 

streets of San Jose. Palm heart, the tissue surrounding and 

including the apical meristem of the plant, is a delicacy in 

costa Rica. Harvesting palm heart requires cutting the 

entire plant, and pejibaye's ability to re-sprout (not 

characteristic of other palms used for palm heart) has 

resulted in large scale CUltivation for the national market. 

While no one in the study area was commercially producing 

palm heart, there are several plantations in Sarapiqui and a 

nearby processing plant. 

There are many other potential permanent cash crops 

being experimented with in the region, including vanilla, 

robusta coffee, nutmeg, rubber (mostly a holdover from 

earlier times), guayaba, and macadamia. Depending on market 

factors and CUltivation requirements, many of these may 

offer potential for larger scale CUltivation in the region. 

Diversification of Land Use 

The major land uses in the region are cattle grazing, 

coffee, black pepper, other permanent crops, and annual 

crops. Many landholders diversify land use into more than 
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one option. Over half the households with at least one 

agricultural or grazing land use have diversified into more 

than one land use (see Table 26). Land use is diversified 

in order to meet both subsistence and cash needs, and to 

reduce overall risk due to crop failure or market problems. 

Long term land use objectives indicate that cattle grazing 

is by far the most common land use objective, folloWE~d by 

coffee (Table 27). 

There are several generalized types of farming systems 

that can be identified in the region. Large absentee 

landholders generally engage in extensive beef cattle 

ranching. These landholders minimize labor inputs and often 

engage in speculative holding of large amounts of land. 

Large and medium-sized resident land holders generally 

choose dairy cattle for cheese production. Many of these 

landholders are also planting some permanent cash crops in 

an effort to increase cash earnings. Small landholders and 

landholders of all sizes who have not yet developed their 

farms sufficiently often engage in wage labor. Most 

resident landholders have some sUbsistence root crops, and 

may also dedicate a hectare of land to beans for sUbsistence 

use. 

Off-Farm Employment 

Off-farm employment, principally wage labor, plays a 

major role in the productive activities in southwestern 

. - ---------
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Table 26. Number of different land uses currently practiced 
by households. Five different land uses were included: 
Cattle Grazing, Coffee, Black Pepper, Other Permanent Crops, 
and Annual Crops. 

Number of land uses engaged in 

1 
2 
3 
4 

1 Number of households. 

44 
30 
17 
--L 
96 

Table 27. Number and percentage of households 
different specific land uses as long term land 
objectives. 

Land Use n % 

Cattle Grazing 101 70.1 
Coffee 61 42.4 
Pepper 25 17.4 
Annual Crops 13 9.0 
Trees 9 6.3 
Other 14 9.7 

N = 144 

45.8 
31.3 
17.7 
~ 

100 

listing 
use 
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Sarapiqui. About two-thirds of adult males performed some 

off-farm labor and about half were full-time wage laborers 

(Table 28). (Only 9.4% of adult females were involved in 

off-farm employment.) Nearly 3/4 of the households surveyed 

had at least one member of the household involved in off

farm employment (see Table 29). There are at least 5 

reasons why people may engage in off-farm employment: 1) 

they have insufficient land to support their household; 2) 

in spite of having sufficient land, they have been unable to 

develop their farm sufficiently to support the family; 3) 

they require cash for investment in their landholding 

(fences, animals, coffee or pepper plants, etc.); 4) they 

may receive better returns from wage labor than they could 

make from farm activities; and 5) wage labor may entail less 

risk, and yield more immediate and regular cash payments and 

other security benefits (such as health benefits). There is 

a significant difference in the amount of land held by 

households with a member engaging in wage labor and those 

without a member engaged in wage labor (Table 30). But the 

relatively large average landholding, 14.9 hectares, of 

those households with someone engaging in wage labor 

indicates the importance of factors 2 through 5 on the above 

list. 

~--~-.~~----~~----------
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Table 28. Involvement of adult males between the ages of 13 
and 60 in off farm employment in the study area. 

Percent of time 
working off-farm n % 

0 92 32.9 

0 < X < 25 5 1.8 

25 S X < 50 8 2.9 

50 S X < 75 18 6.4 

75 S X < 100 19 6.8 

100 138 49.3 

N = 280 100.1 

Table 29. Number of household members involved in off-farm 
employment. 

Number of household 
members n % 

0 43 27.6 

1 69 44.2 

2 19 12.2 

3 10 6.4 

4 or more -l2 ~ 

N = 156 99.9 



Table 30. Mean landholding size for households with and 
without members working off-farm. Mann-Whitney U Test; 
significant at the .01 level. 

Households with 
at least 1 person 
working off-farm 

Households with 
no persons working 
off-farm 

Table 31. Types of 

Day Laborer 

Permanent Plantation 
Worker 

Permanent, not 
Plantation Worker 

Self Employed 

Farm Manager 

Driver or Equipment 
Operator 

Other 

n 

112 

JZ 

N = 154 

off-farm work 

n 

73 

65 

21 

·18 

10 

5 

J..§. 

N = 208 

mean landholding size 

14.0 hectares 

44.8 hectares 

engaged in. 

% 

35.1 

31.3 

10.1 

8.7 

4.8 

2.4 

~ 

100 

164 
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While there are several different options for off-farm 

employment (Table 31), the two most common are work as a 

day-laborer ("jornelero") and permanent employment on a 

plantation. Day laborer is more common among those trying 

to develop a farm, because they can work on their farm 

several days a week and off- farm several days. The wage is 

generally the costa Rican minimum wage of $.63 an hour, with 

no overtime or benefits. Day labor is generally hired to 

work for six hours a day (one jornal), but many people 

contract work such as weed-cutting in pastures by hectare, 

and thus may work longer days. Day laborers may be unable 

to find as much work as they would like to, and thus the 

security of income is low. 

Plantation labor has several advantages over day labor. 

The larger plantations must adhere to costa Rican employment 

laws: These include the payment of overtime (time and a 

half), provision of health benefits, two weeks of paid 

vacation a year, and payment of the "aguinaldo," or 

christmas bonus, (equivalent to one month's wages). 

Plantation workers generally work a 48 work week, but in San 

Ramon the ornamental plant farm often has some people work 

as much as 60 or 70 hours a week, resulting in significant 

overtime earnings. Annual earnings at the ornamental plant 

farm average about $1800 per year. Since the ornamental 

plant farm employs both men and women from age 15 up, a 
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number of households have several, even as many as 5 or 6, 

family members working at the farm, resulting in significant 

household earnings. Permanent wage labor, however, must be 

engaged in on a full-time basis, and thus leaves little time 

for developing a farm on the side. 

The choice between permanent wage labor and farming is 

not entirely straightforward. Even if a household has 

sufficient land, development of the farm involves 

considerable time and sacrifice. If the household does not 

have land, purchase of sufficient land may be too costly, 

and obtaining land from IDA may entail moving to a distant 

and isolated location or participating in an organized 

invasion. Wage labor provides immediate cash returns and 

requires no cash investment or risk from crop failure or 

animal death. But while wage labor maYyprovide more 

immediate returns, it provides little long term security 

unless earnings are invested in land and farm development. 

Export crops grown on plantations frequently suffer from 

market drop-offs resulting in release of workers. without 

land and cattle with which to meet emergency expenses or to 

provide for retirement, the wage laborer can only rely on 

the benevolence of family members for assistance in times of 

crisis. 

In making the choice between wage labor and farming, a 

balance must then be sought between immediate wage returns 
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and long term security. Seligson (1980) notes that there 

are two paths to security in costa Rica, land or a steady 

well-paid job. Table 32, derived from Seligson 

(1980:90;97), compares preferences and wages for different 

options, providing further insight into the choice between 

different landholding and wage labor options in costa Rica. 

The fact that the ranking does not directly correspond with 

returns shows the role that risk and security play in 

preference. options involving steady employment or security 

of land tenure consistently outrank those that do not, even 

when returns are lower. 

Table 32. Preference and income from different landholding 
patterns and wage labor options. Adapted from Seligson 
(1980:90; 97). 

option Rank Return ($/week) 

Landowner with Title 1 45 

Landowner without Title 2 23 

Steady Plantation Laborer 3 33 

Renter 4 13 

Steady non-Plantation 
Laborer 5 11 

Sharecropper 6 21 

Day Laborer 7 9 

Squatter 8 18 

Migrant Laborer 9 9 

N = 531 N = 505 
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Land Use Capability 

Up to this point, the discussion on land use choice has 

been largely limited to social and economic factors. Yet 

environmental factors can also play an important role. Land 

use in the study area is certainly constrained to some 

extent by the heavy rainfall, the lack of a distinct dry 

season, and low soil pH and fertility. The study area falls 

within the Tropical Wet Forest Life Zone (Holdridge 1967) 

and is uniformly characterized by rolling to very broken 

topography, and ancient residual alluvial soils with heavy 

to very heavy textures. Ph's range from acid to very acid 

(5.0 to 4.2). The only exceptions to the uniformly poor 

soils are some level alluvial terraces at the northern 

extreme of the community of El Roble, along the Rio 

Sarapiqui. 

The most notable climatic factor of the area is 

extremely heavy and constant rainfall. Annual rainfall in 

the area is between 4015 and 4627 mm (Hartshorn and Perralta 

1988). There is less than one dry month per year (Tropical 

Science Center 1988a), which may arrive anywhere from 

January to April, but tends to be in March (Organization for 

Tropical Studies, unpublished data). the elevation ranges 

from 36 to 400 meters above sea level, and the mean daily 

temperature in the lower elevations (La Selva Biological 

station) is 26°. 
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A land use capability assessment for the study area 

indicates that only 3.1% of the land was appropriate for 

annual or permanent crops and 7.1% appropriate for grazing 

(Tropical Science center 1988b). The principal constraining 

factors in the region are high soil ph (an indicator soil 

infertility and high aluminum levels), the lack of a 

distinct dry season, and the steep slopes that predominate 

throughout the region. Actual land use for the landholdings 

included in the survey found 3.2% of the land in annual and 

permanent crops and 64.8% of the land in pasture. While the 

amount of land in annual and permanent crops is similar to 

the amount rated as appropriate for them, the actual plots 

of land represented by these two percentages is not the 

same. Most of the land rated appropriate for annual and 

permanent crops is on the alluvial terraces along the Rio 

Sarapiqui, and most of this land is actually in pasture. 

Annual and permanent crops are scattered throughout the 

study area. But the most significant differences between 

land use capability and actual land use are in the amount of 

pasture. The amount of pasture far exceeds the amount of 

land rated as appropriate for it. These results suggest 

that land use capability does not accurately predict actual 

land use. 

While no effort was made to systematically relate land 

use capability to actual land use and productivity for 
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individual landholdings, the IDA settlements at EI Roble 

provide an opportunity for a limited test of the influence 

of land use capability on land use choice. When the parcels 

were divided up, different size parcels were established on 

the basis of land use capability. Land that could support 

higher intensity land uses--the land along the river--was 

divided into smaller parcels, generally 6 to 8 hectares. 

The rationale behind this was that the smaller parcels of 

better land could be used for annual and permanent crops. 

Land just out of the alluvial terraces is of gently rolling 

topography, and was divided into parcels of 12 to 14 

hectares. The steep, rugged, higher portion was considered 

suitable only for forestry or extensive cattle grazing, and 

was divided into parcels of 27 to 30 hectares. When 

landholdings are grouped into three size categories 

corresponding to the three different parcel sizes (Table 

33), annual cropping, permanent cropping, and pasture appear 

equally likely on all sizes of parcels, and therefore 

independent of land use capability. 

Most households those with ~maller parcels and better 

--land, recognized that their land could be used for annual 

and permanent cropping. But the lack of vehicular access, 

market distance, cash investment and credit requirements for 

annual and permanent crops prevented all but a few 

landholders from planting these crops for market (most 
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annual cropping was for sUbsistence needs). While more 

detailed research is needed to determine the role that land 

use capability plays in land use choice, the data presented 

here does call attention to the fact that land use 

capability is but one of many factors that determine what 

land use will actually be adopted. Socio-economic factors 

can result in adoption of land uses both more intensive and 

more extensive than those recommended by land use capability 

studies. 

Table 33. Percent of households in El Roble with different 
land uses (annual crops, permanent crops, and pasture), by 
land holding size. Chi Square test revealed no significant 
relationships. 

Percent of households with land use 
Size of Landholding (has) Annual Permanent Pasture 

o to 10 (N=19) 47.4 73.7 89.5 

10 to 20 (N=10) 60.0 70.0 90.0 

20 to 30 (N=15) 46.6 86.7 93.3 

Conclusion 

The above discussion suggests that land use choices in 

the Sarapiqui lowlands are influenced by a number of 

different factors. Climatic and soil factors--high 

rainfall, no distinct dry season, and low soil fertility-

provide a constraint on agriculture that discourages high 

levels of investment, either of cash or labor, in annual 
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crop agriculture. Root crops are more appropriate to these 

environmental conditions than seed crops, and most people 

plant some for subsistence use, although rice and beans are 

the major food staple. Root crops are not attractive as 

cash crops because of the limited access to markets. 

Permanent cash crops have great potential for this climatic 

region, but entry into CUltivation is made difficult by: 1) 

high initial cash investment requirements; 2) limited access 

to credit; 3) a waiting period of several years before 

returns are realized; and 4) uncertain long-term market 

conditions. Cattle grazing is the dominant land use in the 

region because of: 1) opportunities for gradual entry; 2) 

low risk; 3) market staL.ility (for cheese); 4) cattle's 

usefulness as a store of value; and 5) the utility of 

pasture stocked with cattle for demonstrating use of land 

either to claim land or prevent invasion. The amount of 

land possessed by a household influences the stocking rate, 

the intensity of pasture management, and the returns to 

labor accepted by a household. 

The importance of diversification of income sources, 

especially for small holders is a key finding. This may 

involve diversification into several land uses at the farm 

level, or involvement in non agricultural activities. The 

availability of off-farm employment opportunities plays an 

important role in influencing land use choices by providing 
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a certain source of immediate cash income that is in many 

ways more attractive than the sacrifices and risks 

associated agriculture. These findings are consistent with 

Chayanov's (1966) theory that, based on returns to labor, a 

household will choose among intensification, acquiring more 

land, and non-agricultural options. These three different 

possibilities may be mixed in accordance with the individual 

households needs and opportunities. It is important to note 

that long term assessments of risk and non-economic factors 

(access to schools and health care, and a desire for social 

interaction) complicate the decision-making process beyond a 

simple assessment of returns to labor. 

From a theoretical standpoint, the intensification of 

cattle pasture use by small landholders is the most 

interesting result. Since land use intensification often 

involves diversification, opportunities for clear tests of 

the Boserup hypothesis based on cUltivation of the same 

product at different levels of intensity are rare. The 

comparison of households producing cheese on different sized 

landholdings is consistent with the Boserup hypothesis. 

Intensification brings increased returns to land but at a 

cost of decreased returns to labor, and thus is undertaken 

only by those operating under a higher population to land 

ratio. 



BUILDING SUSTAINABLE LAND USES 
ON EXISTING PRACTICES 
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In response to the failure of many landholders to 

successfully develop farms in the tropics, resulting in 

repeating cycles of migration and colonization, increasing 

attention,has been directed at developing new models of 

sustainable land use. These models have often been based on 

ecological ideals. Many of these models, while conceptually 

attractive, have failed in implementation because they were 

inappropriate for the social, economic, and political 

context in which they were placed (see, for example, Chapin 

1988). Future efforts to develop effective sustainable land 

use systems in the humid tropics will benefit from a better 

understanding of how land and natural resource use is 

influenced by socio-economic factors. 

The most effective route to sustainable land use in 

southwestern Sarapiqui will be to encourage existing trends 

towards sustainable land use that are already in practice. 

Land uses that are in practice have proven their ability to 

meet the needs of landholders and to fit their socio-

economic situation. By understanding the conditions that 

lead to the practice of these land uses, these conditions 

can be more widely promoted in the region in order to 

encourage their wider adoption. 
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Care must be taken to evaluate the sustainability of 

existing land uses in accordance with their role in the 

household farming system, and their viability in accordance 

with their role in household economic strategies. Fabienne 

and Michon (1987) show that an agroforestry land use in 

Sumatra which has been identified as a sustainable land use 

(Torquebiau 1984) was actually only one stage in the larger 

farming system in the region that was expanding and 

replacing natural forest. In sarapiqui, although home 

gardens (Gliessman 1988) and forest product extraction 

(Barborak 1988) have been identified as strategies whose 

potential as sustainable land uses in the region should be 

explored, I did not find them to play an important enough 

role in household sUbsistence or market production to serve 

as the basis for programs to promote sustainable land uses. 

Three trends towards sustainable land uses which play 

significant roles in household economies in southwestern 

Sarapiqui will be discussed: 1) small holder cattle 

grazing, 2) black pepper as an example of a permanent cash 

crop, 3) forest as a productive land use. Cattle grazing 

would rarely be included on lists of sustainable land uses 

in the lowland tropics, and its limitations will be 

discussed. But its success as a household economic strategy 

in the region and evidence of its sustainability under 

certain conditions suggest that it has an important role to 



play in the region's future. Black pepper and timber 

production play a role in existing diversified land use 

strategies in the region and have potential for greater 

expansion. 

Cattle Grazing on Smaller Landholdings 
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Cattle pasture is the dominant land use in southwestern 

Sarapiqui, covering 64.8% of the 6959 hectares included in 

my study. It is also the principal productive land use in 

the study area, with 83.3% (N=60) of all landholders with 

any reported gross cash income from their land having 

cattle. If current trends continue, much of the remaining 

forest in the area, which currently comprises 28.6% of the 

study area, will be converted to pasture in the near future. 

The overall annual returns per hectare for cattle grazing 

are low--$67.80 (N=104) for all people engaged in cattle 

grazing, and $95.61 (N=38) for all people making more than 

$1000 a year from cattle grazing.' Yet low productivity 

per hectare is not equivalent to unsustainability. The low 

, The lower overall figure reflects the fact that many 
people are still building up their herds. It is common for 
more recent colonists to have some under-utilized pasture, 
which is the improvement that they have made to claim the 
land, in advance of purchasing animals. Even once animals 
are purchased, it will often take several years until full 
stocking is achieved, since herds are generally built up 
gradually. This is an important point, since very low 
returns per hectare are sometimes reported from frontier 
areas as evidence of the inappropriateness of cattle 
ranching, when these operations may have speculative holding 
of land as the primary objective, not producing cattle. 
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returns may be economically acceptable to the landholder and 

be able to be sustained indefinitely. 

The discussion of cattle grazing in the previous 

chapter reveals the importance of distinguishing between 

different types of cattle ranching and different land 

holding sizes in evaluating cattle grazing as a land use. 

On larger farms for which land speculation is a primary 

goal, productivity decline may be caused by weed invasion 

due to inadequate management attention (Hecht 1983), and not 

be a direct reflection of the tropical environment. The 

comparison between small and large cheese producing cattle 

operations in the previous chapter provides some insight 

into the ability of tropical soils to sustain cattle 

production and the relation between pasture productivity and 

management intensity. Cheese producers with medium-sized 

landholdings (25 hectares or less) had twice the stocking 

rates and twice the returns per hectare as those with large 

landholdings (greater than 25 hectares). This 

intensification of pasture use was accomplished by greater 

investments in labor. More labor was invested in pasture 

maintenance, including cutting weeds from existing pasture 

and replanting pastures, and rotation of animals between 

pasture divisions. This higher intensity causes no 

immediately apparent land degradation, such as erosion, and 

residents regard pasture as a viable and productive long 



178 

term land use. The results suggest that more intensive 

pasture management can increase the carrying capacity of the 

pastures in this lowland tropical region. While the 

sustainability of pasture as a land use in the Sarapiqui 

lowlands can only be demonstrated by an in-depth study that 

would measure soil and pasture productivity along with labor 

inputs, the results presented here suggest that at the level 

of management practiced by smaller landholders it can be 

sustainable. 

Regardless of whether or not cattle production is 

sustainable from a socio-economic and land degradation 

perspective, it could be argued that the costs in terms of 

loss of biological diversity due to conversion of forest to 

pasture are greater than the low returns per hectare of 

cattle ranching. But the landholders of this region have 

few other options to make a living, and, while they 

recognize the benefits of trees, cannot make an adequate 

living from forested land. Cheese production is attractive 

to landholders because of low risks. While cattle 

production is unlikely to be eliminated as a land use in 

sarapiqui, unsustainable cattle operations could be 

eliminated by eliminating incentives, or even implementing 

disincentives, for the use of cattle pasture as a means of 

holding land for speculation. 
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Intensive Agriculture 

Cattle grazing, because of its low productivity per 

hectare, requires at least 10 to 20 hectares to support a 

household •.. This· requirement excludes smaller landholders 

and makes it virtually impossible for a poorer person to 

purchase enough land to reach self-sufficiency with cattle. 

It also requires a large amount of land per household. The 

median land holding for all landholders with cattle was 22 

hectares (N=104), and the median land holding for cattle 

producers with more than $1000 annual net cattle income was 

40 hectares (N=38). This need for large amount of land per 

household requires the conversion of considerable forest 

land to pasture to support each family. If more intensive 

land uses could be found, less forest would need to be 

converted to support the same number of households. More 

intensive land uses such as coffee, oranges, cacao, bananas, 

plantains, black pepper, ornamental plants, and other 

perennial crops are found on some farms in the region. Of 

these crops, only two, coffee and black pepper, are being 

adopted by smaller landholders. 

Coffee does not produce well below 500 meters 

elevation. Although some landholders are growing coffee at 

lower elevations, since it is the most familiar market crop 

and has a well-developed market infrastructure in Costa 

Rica, it does not appear to have great potential in this 
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lowland region. Local coffee buyers complain of the low 

quality of lowland coffee and are threatening to lower the 

price they pay for it. Many stands of coffee in the study 

area are suffering from diseases. And the uneven ripening 

of coffee in the lowlands greatly increases labor 

requirements for harvesting. 

Black pepper, on the other hand, is very well-suited 

for the lowland tropics. As discussed in the previous 

chapter, small landholders in EI Roble have begun to adopt 

black pepper on their own initiative. Widespread adoption 

has been encouraged by a number of factors, including: 1) 

experience in black pepper CUltivation while performing wage 

labor in a nearby pepper plantation; 2) a readily available 

market for selling harvested pepper; 3) the availability of 

posts on their own land; and 4) financing and technical 

assistance provided by the government. 

Projected returns per hectare for pepper at full 

production are higher than any other existing land use, and 

about 25 times those of intensive dairy cattle on medium

sized holdings in the region. One hectare can provide more 

than the median income in the region (median income = 
$1853). Yet more than one hectare of black pepper could be 

managed by most households, or other land uses could be 

practiced along with it. Households producing cheese put in 

one and a half times the annual labor, 550.3 jornales (1 
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jornal = 6 hours), as that projected for a hectare of black 

pepper. The projected returns to labor for pepper also 

compare favorably to other options, they are: 3.2 times the 

return to labor of unskilled wage laborer; 2.7 times the 

return to labor of small-holder cheese production; and 

slightly greater (1.1 times) the returns to labor than 

large-holder cheese production. 

Small-holder entry into permanent cash crops has often 

been constrained by: 1) lack of access to land titling 

procedures required for secure tenure; 2) lack of access to 

credit for investment in cash crops; 3) lack of access to 

markets; and 4) lack of familiarity with new crops and 

cUltivation techniques. Programs to meet these needs can be 

developed, and might include: 1) titling assistance 

programs accessible to small landholders; 2) community-based 

revolving loan programs that would provide small loans for 

economic development; 3) marketing assistance efforts, which 

may include cooperatives but should also include incentives 

for private sector marketing programs that benefit small 



agriculturalists2
; and 4) extension programs to provide 

technical assistance to small farmers. 

Diversification of Land Uses 
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The unique conditions that have resulted in a group of 

small landholders entering pepper CUltivation were mentioned 

above. The fact that no one outside this small area is 

planting pepper is evidence of the importance of these 

conditions. Yet the returns suggest that if there is 

confidence that the market for pepper would remain 

favorable, promoting the conditions under which black pepper 

CUltivation could take place could greatly reduce the need 

for clearing of forest in the region. The data presented 

above suggest that pepper cultivators could be concentrated 

into a much smaller area, perhaps with only 2 to 4 hectares 

each, and still make a very adequate living. 

2 The relationship between the black pepper plantation 
in Tirimbina and the El Roble settlement demonstrates how a 
mutual benefits can be realized from relationships between 
private firms and small landholders. Wage labor 
opportunities on the pepper farm supported colonists in the 
early years, and also allowed them to gain familiarity with 
a new crop. The large landholder,who also process pepper, 
will benefit by small-holder adoption of black pepper 
because he is able to increase the amount of pepper sold 
without having to invest in more planting of pepper, which 
entails a high cost in hired labor. Both the agricultural 
extension agent assisting the small landholders and the 
large pepper plantation owner contacted during my field 
research expressed certainty that small holders could 
achieve higher land productivity when growing pepper than 
large plantations. 
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There are, however, other data that should be borne in 

mind in interpreting the pepper results: Eighty-one percent 

of pepper cultivators named cattle grazing as a land use 

objective. (The mean landholding size for the parceleros 

planting pepper was 19.2 hectares, though much of it is very 

steep land). Clearly, although people have taken advantage 

of the opportunity for entering into pepper farming, they 

have not given up on cattle. Throughout the study area, many 

people (46%) include a mix of land uses in their land use 

objectives. These mixes often include an intensive cash 

crop such as pepper, which may be subject to market 

fluctuations, and a more stable land use option such as 

cattle grazing that can be counted on for SUbsistence and/or 

be partially liquidated to meet emergency expenses. The 

optimal farming system may not be concentration of intensive 

land use on small holdings, but rather larger landholdings 

diversified into both extensive and intensive land uses. 

Pasture has several disadvantages from an environmental 

perspective. Low returns per hectare for pasture require 

clearing of large forest tracts at great cost to biological 

diversity, and conversion of forest to pasture modifies 

water runoff patterns, increasing downstream erosion, 

silting, and flooding. Because of these problems, the 

potential of using forest management as an extensive option 

in place of pasture merits exploration. 
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Forestry as an Economically Productive Land Use 

Currently 28.64% of the land in the study area is in 

forest. Some of this is merely forest that landholders have 

not yet had the time or need to clear, while other tracts of 

forest have been intentionally left uncut to meet future 

household wood needs or as a store of value that can be 

harvested for cash if future needs require. In addition, 

trees are almost always left in a narrow band along 

watercourses and on very steep slopes for soil and water 

protection. There are only several hectares of planted 

forest in the area, and no managed natural forest, with the 

exception of one forest management experiment being 

conducted by CATIE (Finnegan and Sabogal 1989). There is no 

shortage of wood to meet the needs of people in the area. 

In clearing of forest land for pasture, generally the trees 

of lesser value for timber are felled and left to rot or 

burned. Wood, with the exception of the finer hardwoods, is 

almost a free good for residents of the area. If one does 

not have sufficient trees on one's own land for fuelwood or 

construction needs, it can almost always be obtained from a 

neighbor or relative for free or at a very low cost. The 

only expense for lumber and firewood is generally for 

cutting and transporting the wood. The price paid to 

landholders by commercial timber buyers is very low 

(generally about $5.78 per cubic meter, or $.014 per board 

--------------------------------------------
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foot)3, especially in more remote areas where access is 

limited by poor road conditions. Trees thus have a very low 

value to landholders, discouraging their conservation or 

planting. 

Sale of Timber 

Those with timber on their property do occasionally 

sell it, and logging is ongoing in the study area. Logging 

is selective, not clear cutting, and some is the cutting of 

trees that were left standing in pastures when they were 

cleared. Reasons given for selling wood include: 1) to 

obtain cash for developing a farm (buying fencing, animals, 

etc.), 2) to meet SUbsistence needs during early years of 

colonization instead of engaging in day labor before a farm 

becomes productive, 3) to generate cash for house or road 

construction, or 4) to raise cash needed to meet medical 

expenses, make loan payments, or meet other family needs. 

Most people recognize the need to leave some standing timber 

on their landholdings for future use, though this may be 

only a few hectares or scattered trees in pastures. 

Recognizing that wood is becoming more scarce, and that 

the price currently paid is very low and likely to rise in 

the future, most people sell wood only when necessary. In 

3 At the national level, the portion of the production 
cost of finished lumber that goes to the landholder is 4.6% 
(Flores Rodas 1985:46). 
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this way, timber use parallels one aspect of cattle: it is 

used as a store of value to cover occasional large capital 

outlays or to meet emergency needs. It is also similar in 

being an extensive land use, both in having a relatively low 

return per hectare, and in having a low labor input per 

hectare once the trees are established. Since forested land 

is much more valuable for the conservation of biological 

diversity and watershed conservation than pasture, if it 

could provide similar returns to cattle grazing it could at 

least partially take its place as a productive extensive 

land use. 

Unfortunately, under the current price structure and 

complete absence of scientific forest management, timber 

production cannot compete with cattle grazing. The only 

local timber cutter operating full time in the San Ramon 

area estimates that he can typically take about $670 worth 

(as paid to the landholder) of timber out of a hectare of 

virgin forest, and after that return every 8 to 10 years and 

take out about $180 worth. While the initial return from 

timber can be fairly high, waiting 8 or 10 years for a small 

additional return is not attractive to most landholders. 

with cattle grazing earning an average of about $100 per 

hectare per year, it is not surprising that people choose to 

convert to pasture after timber harvesting, or leave the 

more valuable trees standing when creating pasture for later 
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sale. In addition, land values for pasture land in the 

region are approximately double those of forest land due to 

the "improvements" that have been made (Oviedo 1988), 

providing a further incentive for conversion from forest to 

pasture. 

Disincentives for Timber 

start-up costs. Reestablishment of forest on existing 

pasture land has the problem of a high initial labor 

investment followed by a relatively long wait for returns. 

Typical labor investment in reforesting a hectare in an 

Organization for Tropical Studies project is 43 jornales--16 

jornales (1 jornal = 6 hours) to clear brush and plant, and 

then 5 weed cutting passes the first year that total 27 

jornales. Up to 21 jornales in weed cutting may have to be 

invested the second year, depending on the growth rate of 

the trees, until the trees are tall enough to compete with 

the grass and weeds. (R. Aguero, personal communication). 

These high initial investment costs suggest that planting of 

coffee or tree crops, which have similar planting investment 

but more immediate and higher returns may be preferable to 

planting trees for timber. Yet trees have the advantage of 

requiring little labor investment for maintenance once the 

initial investment is undertaken, and can thus be left more 

or less on their own to grow and increase in value. Trees 

also have great flexibility in harvesting, and can be cut 
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and sold when wood or money is needed. Many landholders 

expressed an interest in planting trees for timber in spite 

of the high start up costs, providing reforestation species 

guaranteeing a relatively quick and reasonable return can be 

found. But if tree planting is to be successful on a large 

scale, some method needs to be developed to make the high 

initial labor investment acceptable. 

A few people intercrop beans in new plantings of coffee 

and black pepper, since clearing weeds to plant beans also 

accomplishes the task of removing the weeds competing with 

the coffee or pepper, resulting in two benefits from the 

same work. Intercropping possibilities for young tree 

plantations need to be explored to provide more immediate 

returns for the high labor investment in weed cutting. 

Beans and other annual crops are not ideal, due to the 

climatic conditions (lack of a distinct or predictable dry 

season) that discourage their cUltivation. There are other 

crops with potential for intercropping, including root 

crops, pineapples, bananas, and plantains. The principal 

difficulty may be that since none of these crops are being 

successfully cultivated by themselves, they may not be 

attractive for intercropping either. 

Labor requirements for tree planting and maintenance 

can also be made manageable by planting only a small area 

each year. For small landholders, reforestation need not be 
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in one hectare units. Plantings can be undertaken for 

whatever fraction of a hectare that a household feels they 

can plant and maintain properly, and if repeated every year 

a substantial amount of forest can be planted over time. 

Low Returns to Land. Even if the start-up costs are 

made acceptable, the problem of low returns per hectare will 

still be an obstacle to widespread forest-based land uses, 

including both for plantations and natural forest 

management. Plantations that use fast growing species of 

known marketability may overcome this problem by having 

higher returns per hectare. Once the results are available 

from the CATIE secondary and intervened forest management 

project in the study area (Finnegan and Sabogal 1989), the 

potential of scientific natural forest management to provide 

competitive returns per hectare can be evaluated. But it is 

likely that until the price paid to landholders for timber 

increase4
, returns per hectare for forest management will 

remain lower than those of other options, including cattle 

grazing. 

4 There are two ways to increase the price paid to 
landholders. One, assuming a situation of unequal exchange, 
would increase the percentage of the current cost of timber 
that goes to the landholder at the expense of the middleman 
or the sawmill. The second is to increase the overall price 
of timber in costa Rica. There is some doubt about the 
possibility of one country to increase the price of their 
timber to promote sustainable use as long as other countries 
keep prices low by mining their timber, which can be very 
lucrative (Colchester 1990). 
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To overcome the low returns per hectare the possibility 

of extracting multiple products from forests needs further 

investigation. Some possibilities for this are being 

experimented with in Central America, one of which is to 

combine iguana raising with reforestation (Ocana et ale 

1988). Initial reports suggest that a sustainable yield of 

more than 230 kilograms per year per hectare can be 

obtained, resulting in returns easily competitive with 

cattle grazing based on existing prices for iguana meat in 

Panama (Ocana et ale 1988). There are also a number of 

economically important crops that require shade such as that 

provided by a forest canopy. Artificial shade canopies can 

be seen near the study area protecting ornamental plants 

grown for export, and cacao and other perennials are grown 

under shade trees. Research to identify economically 

important plant and animal species that can be combined with 

forest plantations, and experiments to develop successful 

and economically competitive management strategies for these 

systems needs to be undertaken. 

Conclusions 

By better understanding the rationale behind land use 

in the Sarapiqui low lands of Costa Rica, several 

conclusions can be drawn that will be useful in developing 

and promoting land uses in the lowland tropics that will be 

more sustainable than existing land uses and also have a 
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good chance of-being adopted by landholders. It is not my 

intention to argue that cattle grazing is either the most 

acceptable or the inevitable land use, but rather that it is 

engaged in for good reasons and alternative land uses must 

compete with it. Cattle grazing is the dominant land use in 

the region in spite of its low returns per hectare because: 

1) soil and climatic constraints limit annual cropping; 2) 

prohibitive cash investment and risk limit perennial 

cropping; 3) and cattle and cheese production have low risk, 

stable markets, relatively easy entry, and reversibility of 

cash investments. since these reasons are unlikely to 

change, cattle grazing is likely to persist as an important 

land use in the region. The ability of landholders with 

medium-sized holdings to intensify pasture use with 

increased labor investment suggests that cattle grazing in 

the lowland tropics need not lead to land degradation and 

abandonment. There is strong evidence that intensively 

managed dairy cattle grazing should be considered an 

economically sustainable and acceptable land use, and must 

be distinguished from large, speculative beef cattle ranches 

that have much lower returns to land, provide very little 

employment, and are managed at low levels that lead to land 

degradation. 

The sustainability of intensively managed cattle 

grazing may provide an adequate living and reduce migration 
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and further forest destruction, but the requirement of large 

landholdings still result in considerable forest 

destruction. Perennial cash crops offer the best 

opportunity for intensifying land use in the lowland tropics 

to reduce the amount of land required to support a household 

and to therefore reduce the demand for clearing more forest. 

Black pepper is not the only possibility; citrus, vanilla, 

nutmeg, annatto ("achiote"), cocoa, ornamental plants, and 

other crops all have potential for production in this 

region. The conditions under which black pepper has been 

adopted by small and medium-sized landholders indicate some 

of the requirements for widespread adoption of perennial 

cash crops, which include accessible and stable markets; 

financing on favorable terms, and familiarity with 

cUltivation techniques and technical assistance. 

Because of the instability of export crop production, 

landholders will generally wish to diversify into more than 

one perennial crop, as well as to include land use options 

that can provide a minimal stable return or a store of value 

easily convertible into cash to carry them through times of 

crisis. Cattle grazing currently represents the most 

obvious option to meet this need. Forestry does show 

potential to at least partially replace cattle grazing, 

particularly if the price paid for standing timber can be 

increased or wood production can be combined with other 
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productive land uses to make the initial expense of 

plantation establishment more manageable and to overcome the 

low returns per hectare of timber production. 

The most reasonable expectation for individually-held 

lands with resident landholders in the lowland tropics is a 

patchwork of different land uses, including cattle grazing, 

perennial crops, annual crops, and forestry. Such a 

patchwork avoids land degradation and provides sustainable 

economic returns for households with no choice other than to 

occupy lowland tropical lands and can thus break the cycle 

of land degradation and migration. By diversifying land 

uses, the amount of agricultural and pasture land required 

to a household can be reduced. And, while not ideal for 

preserving biological diversity, such a patchwork is better 

than large scale conversion of forest to pasture. 

Changing land use patterns will never be easy, because 

there are rational reasons behind existing land use choices. 

But by understanding these reasons and building sus'tainable 

land uses on trends that are already evident, programs to 

change land use can be developed that have a greater chance 

of success than models developed based only on biological or 

conservation ideals. These programs, however well

intentioned, often are destined to fail because they do not 

fit the socio-economic situations for which they are 

intended. 
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CONCLUSION 

Braulio Carrillo National Park protects an 

internationally important assemblage of tropical ecosystems 

along an altitudinal gradient from the montane forests at 

the top of the Central Volcanic Cordillera to the lowland 

forests of the Atlantic Plain, in Costa Rica. The small 

size of the lowland portion of the park reduces the park's 

ability to protect lowland species and ecosystems, and also 

will affect ecosystems at higher elevations because of the 

seasonal altitudinal migrations of many important pollinator 

and disperser species. The most important threat to the 

biological diversity of the park is the conversion of 

adjacent forested lands to human-dominated land uses. 

Lands adjacent to the lowland part of the park have 

been heavily colonized in recent years by settlers from 

other regions of Costa Rica. Part of this problem 

originates in these other regions, where population growth 

and the expansion of export agriculture create a landless 

population. Wage labor opportunities and the level of wages 

and benefits are inadequate to support the landless 

population, and many resort to spontaneous colonization of 

the remaining forested lands in Costa Rica in an effort to 

achieve a better economic status. 

One of the principal problems that needs to be 

addressed is the tendency for the original wave of poor, 
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landless colonists to sell the lands that they claim to 

wealthier people and move on to other forested areas to 

repeat the process. The land distribution program managed 

by IDA (Agrarian Development Institute, the costa Rican 

agency managing land distribution programs) plays an 

important role in preventing the accumulation of newly 

colonized lands into large landholdings. IDA permits the 

sale of parcels, recognizing that turnover of landholdings 

is inevitable in frontier areas, but purchasers must meet 

the qualification requirements for IDA parcel recipients. 

This ensures that purchasers are poor, landless people. 

But the ~uccess of the IDA program could be greatly 

increased by a more proactive stance. currently, IDA 

largely responds after-the-fact, mediating between squatters 

and original land claimants, rather than purchasing lands 

for distribution to people needing land. The result is that 

the location of many IDA settlements is determined by where 

organized land invasions have taken place. Land are chosen 

by squatters for invasion based on their perception of 

under-utilization and possibility for a successful invasion. 

Many of the areas invaded present serious obstacles to 

colonization success. These obstacles include land with a 

low capability to support agriculture and grazing, and 

remote locations where wage labor is unavailable to support 

the colonists in the early years of farm development and 
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where markets for agricultural produce are inaccessible. 

Better location of government-sponsored settlements would 

place many of them in more accessible and developed regions 

of Costa Rica, including the "meseta central", and, within 

the lowland areas, place them on better soils and near 

regional market centers. 

Policies and development efforts at the national level 

are necessary to address many of the colonization issues 

affecting Braulio Carrillo National Park. But because the 

pattern of colonization is unlikely to reverse soon, it is 

necessary to look for local solutions that can reduce the 

impact of colonization on the park's resources. Land uses 

that can provide sustained economic returns to small holders 

already exist in the region. Cattle, the dominant land use 

in the region, is frequently criticized as an unsustainable 

land use in the tropics. A closer look at cattle has 

revealed that many of failures are as much the result of 

political and socio-economic factors as of environmental 

factors. The use of cattle pasture to hold land for 

speculation, which is often accompanied by inadequate 

management inputs resulting in land degradation, must be 

distinguished from cattle pasture with true productive 

objectives. The incentives for using cattle for land 

speculation should be eliminated. On smaller landholdings 

with intensive pasture and animal management, cheese 
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production can be a productive and sustainable land use. 

Cattle for cheese production will remain an attractive land 

use because of its low risks, market stability, and 

liquidity of investments. 

Cattle do require relatively large landholdings per 

household. Perennial cash crops such as black pepper, with 

high returns to land, represent the best possibilities to 

reduce the total amount of land required to support a 

household. Successful adoption will require: 1) accessible 

markets: 2) credit: and 3) technical assistance. Most 

landholders will choose to diversify into several land use 

options to meet income and security needs. A mosaic of 

pasture, annual crops, perennial crops, and forest is a 

realistic goal for economically sustainable land use, and is 

much less destructive to biological diversity than 

monocultures of annual or perennial crops or large amounts 

of pasture. 

Forest is the most desirable land use from a 

conservation of biological diversity perspective, but there 

are great differences in conservation value for different 

types of forests. Natural forest management appears to have 

high potential as a conservation and development strategy, 

but experimental projects need to be established and 

carefully monitored to determine the biological conservation 

-------------------------- -----



198 

potential and the socio-economic conditions under which it 

will be an acceptable land use. 

Agroforesty and silvopastoral systems have potential as 

socio-economically sustainable land uses in the lowland 

tropics, but, like natural forest management, they have not 

yet proven this potential in actual practice. Agroforestry 

systems involving annual seed crops, such as rice, corn, or 

beans, are unlikely to be adopted in Sarapiqui due to the 

risk of crop loss associated with the rainy climate. 

Systems combining trees with permanent crops and pasture 

have greater potential. 

Data collected on the value of different forest and 

tree-based land uses for biological diversity shows that 

conservation value drops off very rapidly as modification of 

the natural forest increases. Agroforestry and 

silvopastoral systems, which are highly modified systems, 

ranked low in biological conservation value. While these 

land uses may avoid land degradation, if returns to land are 

low, conservation of biological diversity adjacent.to 

national parks may be better served by promoting a mosaic of 

different land uses or by a combination of agricultural 

intensification and habitat protection. Agricultural 

intensification can reduce the amount of land required to 

support a household, and permit the preservation of a 

greater amount of undisturbed forest. 



Policy and Management Recommendations for Lands 
Adjacent to Braulio Carrillo National Park 

1. The amount of lowland habitat protected must be 
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increased to avoid serious changes to park biological 

resources. This can be most effectively done by expanding 

the northern sector of the park to the east through land 

purchases. Management of unpurchased forest lands to the 

east for timber through natural forest management should 

also be attempted in an attempt to forestall conversion of 

the remaining forest to pasture, though it should be 

remembered that natural forest management in the tropics is 

a relatively untested technology in terms of socio-economic 

and conservation potential. 

2. On lands to the west of the northern sector of the 

park, a mosaic of different land uses should be promoted. 

Reforestation and forest management should be encouraged on 

large landholdings, through the use of existing or new 

government incentives for reforestation and forest 

management. Small landholders should be encouraged to 

maintain diversified land uses, including permanent crops, 

annual crops, pasture, and forest. Successful promotion of 

diversified land use systems will require: 1) improving 

access to markets: 2) improved access to credit: 3) 

technical assistance to increase knowledge of cUltivation 

techniques for permanent crops: 4) technical assistance in 

reforestation and forest management: 5) collaborative 
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research including agroecosystem specialists, social 

scientists, and local landholders to develop new sustainable 

land use system that will be appropriate for the local 

situation. 

3. The problems of insularization and incursions into 

natj.onal parks in costa Rica, including Braulio carrillo 

National Park, can ultimately only be solved by national-

level policies that resolve the spontaneous colonization 

problem. These policies will discourage non-forest, 

extensive land uses on large landholdings; provide lands 

appropriate for agriculture located near markets for 

settlement by landless people; and provide assistance to 

landholders in establishing economically sustainable land 

uses. 

National Parks and Adjacent Land Uses: 
The Role of Agricultural Intensification 

As national parks increasingly focus their management 

attention outward, many different strategies are being 

suggested to promote sustainable development on adjacent 

lands. The biological and socio-economic situation of each 

park will have to be evaluated individually in order that 

management strategies appropriate to each park's situation 

may be selected. I have provided a framework for such an 

analysis in chapter II that can, with some adaptations, be 

used in most national park situations. 
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The appropriateness of different land uses adjacent to 

national parks will vary depending on the individual 

situation. Where population densities are low, extensive 

forest-based land uses may be viable. Where densities are 

higher and development needs more critical, agricultural 

intensification may be required to reduce local people's 

need for park resources. 

Boserup's hypothesis (1966) on agricultural 

intensification and population pressure has been supported 

by my research, and its implications for national park 

management should be considered. If more intensive uses of 

land involve decreasing returns to labor, agriculturists are 

unlikely to intensify as long as unsettled lands exist. The 

establishment of national parks and protection of their 

boundaries from incursions may be necessary to bring about 

agricultural intensification outside the protected area. If 

extensive land uses are allowed to be practiced inside the 

protected area, intensification may be delayed until 

population density increases to a level where it becomes 

necessary. 

Clark (1976) has warned that while forcing 

intensification by park establishment may be logical to the 

"temperate-latitude conservationist," local people may see 

no reason they should work harder by intensifying 

agriculture when "unused" land remains. This is an 
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important point and explains some of the resentment towards 

national parks that is often felt by parle neighbors. This 

problem is somewhat eased by the fact that agricultural 

decision-making does not entirely follow Boserup's 

simplified model. As Chayanov (1966) noted, a household 

will choose between intensification, expansions of 

agricultural land (in costa Rica, this would include 

migration), and non-agricultural activities by evaluating 

returns to labor. The level of production that is 

satisfactory is will vary for different groups of people 

depending on desired levels of consumption. A desire for 

cash income (Barlett 1982), which often involves the need 

for better access to markets for agricultural products, can 

lead people to choose more intensive systems in more 

developed areas rather than expanding into unsettled areas. 

A desire to be closer to schools and health care (Wilk 

1981), and to non-farm cash earning opportunities (McMillan 

et al 1990) can also lead people to choose to remain in more 

developed areas and intensify agricul'tural production. 

Programs to increase awareness of the environmental services 

provided by national parks and to increase park-related 

benefits can increase people's willingness to respect park 

boundaries and regulations. strategies can be developed 

that build on these tendencies and thus reduce the number of 



people migrating to remaining forested lands and promote 

intensification of agriculture on existing lands. 
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APPENDIX A 

QUESTIONNAIRE ON THE IMPACT OF ADJACENT LANDS USES 
ON THE BIOLOGICAL RESOURCES OF 

Instructions: 

BRAULIO CARRILLO NATIONAL PARK 

LAND USE ADJACENT TO BRAULIO CARRILLO 
NATIONAL PARK AND LA SELVA BIOLOGICAL STATION: 

mE IMPACT OF ADJACENT LAND USES 
ON PROTECTED AREA BIOLOGICAL RESOURCES 

This questionnaire contains several questions related to the impact of adjacent land uses on the 
biological resources of Braulio Carrillo National Park and La Selva Biological Station, Costa Rica. 
Please answer the questions as best you can, based on your biological knowledge and familiarity with 
the Braulio CarrillolLa Selva region. 

Please note that this questionnaire applies to land uses adjacent to the northern sector of Braulio 
Carrillo National Park :and the La Selva Biological Station. The map provided on the next page 
illustrates this area. 

Your responses will be med in proposing conservation and development strategies for lands adjacent 
to these protected oreas. 

Your name will never be directly associated with your responses. 

School of Rencwable Natural Resources 
University of Arizona 
325 Biological Sciences East 
Tucson, AZ 85721 
U.SA 
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The map below illustrates the area of interest for this questionnaire. In responding to the 
questionnaire please bear in mind tbat the questionnaire addresses land uses adjacent to the northern 
sector of Braulio Carritlo National Park and the La Selva Biological Station, as illustrated below. 
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1. Please rate your familiarity with the biological resources of the region that includes the northern 
sector of Braulio Carrillo National Park, La Selva Biological Station. and adjacent lands. 

Very familiar 
Moderately familiar 
Slightly familiar 
Not familiar 

2. One strategy for protecting national park resources is to create "buffer zones" adjacent to 
national parks where land use is transitional between natural habitat and human-dominated land 
uses. Please rate each of the following land uses or land conditions which could occur adjacent 
to Braulio Carrillo National Park and La Selva Biological Station in terms of their potential 
impact on the biological resources of the park and the biological station. 

1 great harm to park resources 
2 slight harm to park resources 
3 no impact on park resources 
4 slight benefit to park resources 
5 great benefit to pa!k resources 

Please Circle 

1. Cattle pasture with scattered native trees in the 
pasture and natural forest along streams . . • . • . • • . • . • • . • . • • • • •• 1 2 3 4 5 

2. Plantation forestry with native species ....................... 1 2 3 4 5 

3. Fruit trees (citrus. guayaba, plantain, etc.) • . • . • • . • . • • • • • • . . . . .. 1 2 3 4 5 

4. Forest management with natural regeneration ••••.•..•••...... 1 2 3 4 5 

5. Annual crops (beans, rice, root crops) ....................... 1 2 3 4 5 

6. Plantation forestry with non-native species •••••.••••.•••.•.••. 1 2 3 4 5 

7. Mix of secondary forest, tree and perennial crops, 
pasture, and annual crops • • • • • • • • • • • • • • • • . • • . • . • • • • . . • . • •. 1 2 3 4 5 

8. Natural forest with no tree cutting, hunting, or 
gathering permitted .•••••• _ • • • . • . . • • • • . • • • • • • • • • . • • • • • •• 1 2 3 4 5 

9. Perennial crops (black pepper, coffee, etc.) .......••...•••..•• 1 2 3 4 5 

10. Second growth bushes and small trees (charml) •.•.•••.•••.•..• 1 2 3 4 5 

11. Silvo-pastoral systems: Pasture combined with trees • • • • . • • . • • . •. 1 2 3 4 5 

12. Natural forest with no tree cutting permitted, but 
with hunting and collecting permitted . . • . • . . . . . • . • • • • • . • • • • .• 1 2 3 4 5 

13. Agro·forestry systems: Annual crops mixed with trees ......••... 2 3 4 5 

206 



3. In your opinion. which if any, of tbe following biotic groups include species whose populations 
within the park may be endangered or drastically reduced by land use changes that occur on lands 
adjacent to the parle. 

1 = includes species tbat are likely to be endangered or drastically reduced due to land use 
cbange:! 

2 = uncertain/don't know 
3 = does IlQl include species tbat are likely to be endangered or drastically reduced due to 

land usc changes 

Please Circle 

Large Mammalian Predators •••••••••••..••••.•••••••.••..••..•• 1 

Otber Mammals • • . • . . . • . • . • • • • • . • . • • • • . • • • • . • • • • • • • • • • • • . • . .• 1 

Raptors •••••••.•••••.•••••.••••...••••.•.••••.•••••.•••••.• 1 

Otber Birds •••••••••••••••.••••.••••••••.•.••.••.•.••••..••• 1 

Reptiles and Amptubians •.••••••••••••••••••••••••••••••••.••.• 1 

FlSb ••••••••••••••••••••••••••••••••••••••••••••••• • • • • • • •• 1 

Insects and other Invertebrates .•••.•••••••••••.•••••••••.••...•. 1 

Woody Plants. • • • • • • . • • • • • . • • • • . • • . • • • • • • • • • • . • • • • • • • • • . • • . .• 1 

Other Plants 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4. Some species or groups of species that occur in the park are more likely to be negatively impacted 
than others by human activities adjacent to the park. Please indicate below any species or groups 
of species whose populations arc likely to be endangered or drastically reduced by activities that 
occur on lands adjaccnt to the park. Space is also provided for any comments you can provide 
about why this species or group is wlnerable and the kinds of human activities that are likely to 
be detrimental Comments about groups with which you bave had research experience would be 
especially appreciated. 

Species or group: ________________________________________________ __ 

Comments: ______________________________________________________ ____ 
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S~i~or~up: ________________________________________________ __ 

~mmeD~: ____________________________________________________ __ 

Sp~i~or~up: __________________ ~------------------------------

~mmen~: 

S~i~or~up: ________________________________________________ __ 

~mmeD~: 

S~i~or~up: ________________________________________________ __ 

~mmen~: 

S~i~or~oup: ________________________________________________ __ 

~mmen~: 

S~i~or~up: ________________________________________________ __ 

~mmen~: 



Please use the following space for any additional comments you have on land uses adjacent to Braulio 
Carrillo National Park and La Selva Biological Station and the conservation of this region's biological 
diversity. 

Also, please use this space or additional sheets for any comments you have about this questionnaire. 

Your contribution to this effort is very greatly appreciated. If you would like a summary of results, 
please print your name and address on the back of the return envelope (not on this questionnaire). 
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