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Abstract 

 

An Analysis of Forest Change:  A Case Study of the Chocó-Andean 

Conservation Corridor in the Upper Guayllabamba Watershed, 

Ecuador 

 

 

 

  

Jessica Danielle Gordon, M.A. 

The University of Texas at Austin, 2010 

 

Supervisor:  Kenneth R. Young 

 
Deforestation in the tropics is considered to be a primary cause for worldwide loss 

of biological diversity.  Future land use decisions have the potential to escalate or 

ameliorate this global problem.  The goal of this research is to present a case study of an 

analysis of forest change within the Chocó-Andean Conservation Corridor in the Upper 

Guayllabamba Watershed in Northwestern Ecuador. Fieldwork, remote sensing, and a 

Geographic Information System (GIS) were used to analyze land use/land cover changes 

within the corridor.  Change detection from 1986 to 2001 using Landsat imagery 

confirmed that forests were rapidly being converted to other land covers, but patterns of 
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deforestation rates varied dramatically for different types of forests.  The average annual 

rate of overall loss of forest was 2.7% for lower montane forest, 1.7% for mid-slope 

cloud forest 2.1% for upper montane forest, and 2.0% for riparian forests.  The patterns 

of deforestation also varied based on scales of analysis.  For example, the overall loss of 

forest within the southern portion of the Chocó-Andean Conservation Corridor occurred 

at an average rate of 1.3% per year, while the overall annual rate of forest loss within 

particular sub-watersheds varied from 0.2%-3.1% and the annual average rate of overall 

forest loss surrounding particular communities ranged from 0.3%-3.3%.  Fifty interviews 

were conducted in 2003 in seven communities within the conservation corridor to 

determine local perspectives of current land use practices, past land use trends, and future 

land use goals; regional changes in the forest; and opinions of local conservation projects.  

An intriguing finding of the study is that remote sensing in isolation of fieldwork would 

have provided incomplete or misleading results.  For example, the community that had 

the most deforestation between 1986 and 2001 was the community where the 

conservation projects were actually the most successful, based upon local resident 

opinion.  This report asserts that a holistic approach to conservation is needed to 

reconcile environmental and socio-cultural needs in order to maintain and improve forest 

habitat and hydrologic connectivity at multiple spatial scales (including community-level, 

watershed, and regional) by extending conservation efforts beyond protected areas and 

utilizing a basin-scale perspective to make land use decisions that maintain biodiversity 

and promote watershed protection. 
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Chapter 1:   

Introduction 

 
Habitat loss and fragmentation related to changes in land use and land cover in the 

tropics, for example conversion of forest to agricultural areas (i.e., deforestation), are 

considered to be the primary causes for the worldwide loss of biodiversity (Southgate 

1998, Dobson et al. 1999, Hess and Fischer 2001, Sanchez-Azofelfa et al. 2002, Rudel et 

al. 2009).  The majority of Ecuadorian montane forests have been removed by resource 

extraction, fires, and extension of agricultural lands and pastures (Young and Keating 

2001, Sarmiento and Frolich 2002, Armenteras et al. 2003, Jokisch and Lair 2003, Meisel 

and Woodward 2005).  Despite the fact that the tropical Andes are a biodiversity hotspot 

(Myers et al. 2000, Dislich et al. 2009) and the Ecuadorian Andes have the highest 

deforestation rate in South America (Dislich et al. 2009, Gunter et al. 2009), little 

research concerning land use/land cover change of the forests in this area has been 

conducted and the associated ramifications, such as habitat fragmentation and watershed 

degradation, are poorly understood (Pringle et al. 2000, Jokisch and Lair 2003).  Land use 

decisions that promote forest habitat and connectivity can simultaneously help conserve 

biodiversity and protect watershed integrity. 

Effective conservation of tropical biodiversity must extend efforts beyond 

protected areas (Schelhas and Greenberg 2006).  Parks and reserves play a large role in 

protecting remaining forests (Young 1997, Sanchez-Azofelfa et al. 2002, Jokisch and 
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Lair 2003), but they do not effectively represent all ecosystems (Sierra et al. 2002).  An 

additional shortcoming of the conservation network in Latin America is that many 

conservation projects ignore important aspects of the social component (Hecht and 

Cockburn 1991, Sundberg 1998).  Conservation efforts to date have been biased towards 

areas with limited human presence, but areas of human settlement have enormous 

implications for biodiversity conservation (Miller and Hobbs 2002).  People living within 

and surrounding protected areas make critical land use decisions that can influence the 

distribution and connectivity of habitats in a region.  Recent research (Lindenmayer and 

Franklin 2002, Miller and Hobbs 2002) has highlighted the need for conservation 

planning to link networks of large ecological reserves, small reserves, and to maintain 

and restore habitats on private lands. 

Conservation corridors have been recognized as a way to ameliorate 

fragmentation by linking existing protected areas (van der Hammen 1995, Dobson et al. 

1999, Terborgh et al. 2002).  Corridors can play an important role in local and regional 

conservation strategies (Bennett 2003) by fostering habitat connectivity, which can be 

vital to species in terms of daily ranges, dispersal, seasonal migrations, and adjustment to 

global climate change (van der Hammen 1995, Lawton et al. 2001, Hobbs 2002, With 

2002).  Most corridors simultaneously perform multiple functions.  For instance, 

conservation corridors can ameliorate the isolation effects of habitat loss and 

fragmentation by linking habitat patches (Bennett 2003), while simultaneously protecting 

forests for other purposes such as carbon sequestration (Hess and Fischer 2001).  Forest 

patches may act corridors or stepping stones for migratory species, and provide seasonal 
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resources (Schelhas and Greenberg 1996).  Land use decisions made by rural landowners 

in the tropics are major factors in determining the existence and spatial distribution of 

forest patches (Alcorn 1996, Schelhas 1996).  What can be done to encourage landowners 

in the tropics to practice land management strategies that maintain and enhance habitat 

quality and forest connectivity? 

This study focuses on forest changes and local perceptions of conservation 

projects within the southern portion of the Chocó-Andean Conservation Corridor, which 

was established by the Maquipucuna Foundation (an Ecuadorian non-governmental 

organization) in the late 1980s in order to link protected areas from the Ecuadorian Andes 

to the Pacific Coast.  This research integrates principles from landscape ecology and 

conservation biology with those of cultural ecology and political ecology in order to 

analyze forest cover change within the Chocó-Andean Conservation Corridor in relation 

to land management practices and conservation projects.  The goals of this research are to 

analyze forest change within the Chocó-Andean Conservation Corridor and to gain 

insight into local perceptions of and receptivity to conservation projects in order to 

evaluate what types of conservation strategies may be the most effective.  More 

specifically, I explore the following questions: What are the primary drivers of 

deforestation and habitat fragmentation within the Chocó-Andean Conservation Corridor 

and in the surrounding areas?  How has this changed over time and how might it change 

in the future?  What are the local perceptions of (and receptivity to) conservation projects 

within and surrounding the Chocó-Andean Conservation Corridor?  Has there been more 

or less deforestation within areas with active conservation projects compared to the rest 
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of the Chocó-Andean Conservation Corridor? What land-management practices appear to 

promote forest habitat and watershed protection?  A greater understanding of what land 

use management strategies most effectively promote forest habitat and hydrologic 

connectivity will enhance the success potential of the overall corridor project. 

Fieldwork was conducted in Summer 2003 in order to conduct interviews with 

local residents to gain insight into their past, present, and future land use decisions and 

their perceptions of and receptivity to local conservation projects and to document land 

cover in association data points collected using a Global Positioning System (GPS).  

Satellite images from 1986 and 2001 were used to classify land cover and document land 

cover change.  A Geographic Information System (GIS) enabled analysis of forest change 

in relation to different types of forest (based on elevation ranges) and other types of 

geospatial data across multiple scales (i.e., regional, watershed, and community). 

The contents of this report are divided into the following sections.  Chapter 2 

describes the biophysical and sociocultural context of the Chocó-Andean Conservation 

Corridor in Northwestern Ecuador.  Chapter 3 provides information about the research 

methods used to analyze forest cover change and assess local perceptions of conservation 

projects.  Chapters 4 and 5 present research findings on forest cover change and the social 

context of the region.  The report culminates with Chapter 6, which discusses the findings 

in relation to a corpus of literature, outlines conclusions of this report, and offers 

recommendations for future conservation strategies. 
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Chapter 2:   

Study Area 

 
The Ecuadorian Andes are a complex mosaic of interwoven land use practices and 

dramatic topographical variation.   The following sections provide a general overview of 

Ecuador and biophysical and socio-cultural contexts for conservation in northwestern 

Ecuador.   

LOCATION AND DESCRIPTION 

The country of Ecuador covers an area of approximately 280,000 square 

kilometers and the mainland is composed of three major regions - the Coast, the Andes, 

and the Amazon (Palacio 1980, Hanratty 1991, Ridgely and Greenfield 2001).  Two 

chains of the Andes Mountains run North-South through Ecuador.  This is known as the 

Andes or Sierra region.  Between the western chain, Cordillera Occidental, and the 

eastern chain, Cordillera Oriental, is an intermontane plateau (Hanratty 1991, Vanacker et 

al. 2002).  To the west of the Andes is the Coastal Region, and to the east is the Oriente 

or Amazon Region.  Figure 1 is a map of Ecuador that shows these three regions in 

relation to the National parks.  This study focuses on the southern portion of the Chocó-

Andean Conservation Corridor in the Andes Region of the Pichincha Province in 

Northwestern Ecuador.  The Pichincha Province, 16,561 km!, possesses a geographical 



 6 

location that provides it with a unique combination of Equatorial, Andean, and volcanic 

characteristics (Palacio 1980).   

HYDROLOGY 

The majority of Ecuadorian rivers are born in the Sierra region.  Their source of 

water derives from snowmelt or high elevation precipitation (Hanratty 1991).  Rivers in 

Ecuador cumulatively drain 314,500,000,000 m!/year (Palacio 1980).  The Esmeraldas 

River, 320 km long, has a drainage basin of 20,000 sq km (see Figure 2).  It is the second 

major river system of the coast.  The two main rivers of this system are the Blanco and 

Guayllabamba.  They become the Esmeraldas at the point of their confluence until they 

reach the Pacific Ocean.  The Guayllabamba River drains Quito and the surrounding 

areas (Hanratty 1991) as it flows westward through a gorge in the mountain range 

(Sumwalt 1971).  The main tributaries of the Guayllabamba River are the San Pedro, the 

Pits, and the Pisque.  These rivers drain the snowmelt from Cotopaxi, Cayambe, and 

Pasachoa and carry water from the Western chain and the Amazon Region.  This study 

focuses on the upper portion of the watershed because this area has the steepest slopes, 

and land use changes in this area can have an impact on the entire watershed.  

CLIMATE 

The climate of the study area is strongly influenced by altitudinal variation and 

winds that bring humid air from the coast (PROBONA/FM 1997, Palacio 1980).  In the 

central Andes, the majority of the western slopes experience a dry season due to the 
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tradewinds that carry moisture east to west, but in northern Ecuador, the Chocó 

Rainforests are made possible due to a maritime influence.   Due to orthographic uplift, 

these air masses rise and cool, causing condensation, formation of clouds, and 

precipitation. The rainy season prevails from December to May, and the dry season is 

prominent from June to November.  The most severe part of the dry season occurs in July 

and August, and the most intense rains occur in March and April.  Annual precipitation 

varies dramatically across the study site ranging from about 900 mm - 2455 mm and 

monthly lows and highs ranging from about 10 mm to 400 mm (PROBONA/FM 1997).  

The average annual temperature ranges from 12°C for the upper elevations and 18°C for 

the lower elevations (PROBONA/FM 1997).  The climate in the Sierra has strong 

altitudinal variation (Hanratty 1991).  Temperatures in the Sierra Region have stronger 

diurnal fluctuations than they do seasonal fluctuations.  Table 1 provides information 

about climate based on elevation ranges. 

GEOLOGY AND SOILS 

This study area is characterized by young volcanic soils called Andosols 

(Hofstede et al. 2002).  In fact, the majority of the soils of the Ecuadorian Andes are 

derived from a volcanic geologic foundation (Harden 1991).  Volcanic eruptions of 

Pichincha and Pahulahua significantly influence the study area and create layers of 

volcanic ash and debris.  Mudflows and landslides frequently occur in these areas 

(PROBONA/FM 1997, Driessesn and Duda 1989).  The soil pH is generally between 5 

and 6 (PROBONA/FM 1997).  The soil has good drainage and optimal aeration, which 
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facilitates rapid decomposition and formation of humus (PROBONA/FM 1997).  Soils of 

volcanic origin create relatively fertile conditions for agricultural production.  This 

feature of the soils helps equip farmers with the necessary means to overcome the 

challenges of high elevations and steep slopes (Knapp 1991, Ridgely and Greenfield 

2001).  However, soil fertility can be limited by the strong fixation of Phosphorous. Soils 

are subjected to strong erosional forces (due to steep slopes and tropical rains) if they are 

not protected with vegetation cover (PROBONA/FM 1997, Harden, 2001).  Soils of 

volcanic origin can have an increased vulnerability to slope failure (Hofstede et al. 2002).  

This is especially a problem where deforestation has occurred on steep slopes 

(PROBONA/FM 1997). 

BIOPHYSYCIAL AND SOCIOCULTURAL CONTEXT FOR CONSERVATION 

Northwestern Ecuador is considered to be a conservation priority of international 

significance due to its high degree of diversity and variability (Sierra et al. 2002). In 

Ecuador, much of the connectivity of montane forests has been fragmented by resource 

extraction, fires, and extension of agricultural lands and pastures (Young and Keating 

2001, Sarmiento and Frolich 2002, Jokisch and Lair 2003).  Parks and reserves play a 

large role in protecting remaining forests (Young 1997, Sanchez-Azofelfa et al. 2002, 

Jokisch and Lair 2003), but they do not effectively represent all ecosystems (Sierra et al. 

2002).  The majority of native vegetation has been cleared from the lower elevation 

slopes that face the intermontane basin.  In comparison, the outer slopes are significantly 

less altered.  Montane forest connectivity was high until roads penetrated the area.  This 
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change is most noticeable in the Western Andes of central Ecuador.  Many large tracts of 

continuous forest still exist in the more remote areas (Ridgely and Greenfield 2001).  

Sustainable management of the Andes highlands should be a priority due to their 

ecological and economic importance (Hofstede et al. 2002, Sarmiento and Hidalgo 1999, 

Knapp 2007). 

Ecuadorian Montane Forest Habitat 

There are three main types of forests in the study area: lower montane forest, 

cloud forest, and upper montane forest (all of which are evergreen forests).  The lower 

montane forest in northwestern Ecuador ranges from 1,300 m to 1,800 m and has a 

canopy of 25-30 m.  Families that characterize the lower montane forest include: 

Araceae, Arecaceae, Budlejaceae, Cecropiaceae, Cyatheaceae, Heliconiaceae, Lauraceae, 

Meliaceae, Monimiaceae, Moraceae, Onagraceae, and Piperaceae (Sierra and López 

1999).  The mid-slope cloud forest occurs from 1,800 m to 3,000 m altitude.  It is 

characterized by abundant moss, a canopy height of 20-25 m, and a high diversity of 

epiphytes, especially orchids, ferns and bromeliads (Sierra and López 1999, Meisel and 

Woodward 2005).  Prominent families include: Amaryllidaceae, Araceae, Arecaceae, 

Blechnaceae, Begoniaceae, Betulaceae, Brunelliaceae, Cecropiaceae, Cunoniaceae, 

Cyatheaceae, Dennstaedtiaceae, Escalloniaceae, Gunneraceae, Papaveraceae, Piperaceae, 

Rubiaceae, Lauraceae, Melastomataceae, Meliaceae, Monimiaceae, Myrtaceae, 

Onagraceae, Passifloraceae, Poaceae, Rubiaceae, Theaceae, and Verbenaceae (Sierra and 

López 1999).  The upper montane forest ranges from 3,000 to 3,400 m. The upper 
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montane forest includes the following families: Asteraceae, Berberidaceae, Boraginaceae, 

Chloranthaceae, Gunneraceae, Melastomataceae, Campanulaceae, Elaeocarpaceae, 

Monimiaceae, Myrtaceae, Piperaceae, Rosaceae, Santalaceae, and Theaceae (Sierra and 

López 1999).  Trees extracted for the commercial value of their wood include Ocotea 

spp., Myrcianthes spp., Dendropanax spp., Alnus jorulensis, Hedyosmum spp., and 

Juglans neotropica (PROBONA/FM 1997).   

The study area possesses an extremely high diversity of avifauna.  In fact, the 

western slopes of the Ecuadorian Andes have the highest concentration of endemic 

montane birds in the world (including at least 44 species), and all but one of these species 

relies on the forest for survival (Ridgely and Greenfield 2001).  A compilation of bird 

inventories of the Maquipucuna Reserve has documented more than 330 different species 

of birds (PROBONA/FM 1997).  Bird species important for ecotourism include quetzals, 

Andean Cock-of-the-rocks (Rupicola peruviana), Giant Antpitta (Grallaria gigantean), 

two varieties of trogons, three types of toucans, mountain tanagers, Yumbo (Semnornis 

ramphastinus), and a large variety (40 species) of hummingbirds (PROBONA/FM 1997, 

Ridgely and Greenfield 2001).  Tim Marlow’s inventory for bird diversity of Mindo 

documents 389 types of birds.  Overall, more than 500 different bird species have been 

documented within 600,000 ha area of tropical and subtropical zones between 250m and 

2000m that spanned in western portion of the Province of Pichincha 

(PROBONA/FM1997).   

The first mammal inventory of mammals in the Maquipucuna area found 45 

different species (PROBONA/FM 1997).  However, this count is likely to be low because 
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it represents less than half the species that are known to exist in the western humid 

tropical forest.  Species considered  to be endemic to the area include the raton marsupial 

(Caenolestes convelatus), ardilla chica (Microsciurus mimulus), and cuchucho andino 

(Nasuella olivacea).  Threatened species include Osos de anteojos (Andean Bear: 

Tremarctos ornatus), tigrillos (Leopardus tigrinus and L. pardalis), and pumas (Puma 

concolor).  Other important species include deer (Mazama spp.), ocelots (Leopardus 

pardalis), armadillos (Dasypus novencinctus and Cabassous centralis), marisupials 

(Caliromis derbianus), and spider monkeys (Ateles fusciceps) (PROBONA/FM 1997). 

The Maquipucuna Foundation and the Chocó -Andean Conservation Corridor 

The Maquipucuna Foundation (www.arches.uga.edu/~maqui/maquifnd.htm), an 

Ecuadorian non-governmental organization created in 1988, strives to conserve 

biodiversity by mitigating habitat loss and fragmentation in northwestern Ecuador 

through the establishment of the Chocó-Andean Conservation Corridor 

(www.gefweb.org/COUNCIL/GEF_C15/WP/Ecuador%20Choco.doc).  The vision of the 

Chocó-Andean Conservation Corridor Project is to link protected areas from the 

Ecuadorian Andes to the Pacific Coast through the establishment of a 1,000,000 ha 

corridor (the exact dimensions of the corridor are still under consideration).  The 

Maquipucuna Foundation’s approach to conservation entails both expanding and linking 

protected areas, as well as working with local communities to promote sustainable land 

use practices between and around protected areas.  Within this context, the goal of this 

research is to highlight the areas that are most essential to forested habitat connectivity 
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and determine which of those areas are under the greatest deforestation pressure within 

this conservation corridor.  The proposed research will provide a greater understanding of 

how a conservation corridor can promote forested habitat connectivity within a larger 

conservation network.   

This study focuses on the southern portion of the Chocó-Andean Conservation 

Corridor (see Figure 3).  This section, which has been in the process of establishment 

since the late 1980s (GEF 2000), links the Maquipucuna Ecological Reserve (5,500 ha), 

the Guayllabamba Watershed Protective Forest (14,000 ha), the Mindo-Nambillo Cloud 

Forest Reserve (19,000 ha), and Volcán Pichincha.  Table 2 provides information about 

the protected areas in and around the southern portion of the Chocó-Andean Conservation 

Corridor.  A greater understanding of what land use management strategies most 

effectively promote habitat connectivity will enhance the potential of the larger corridor 

project.  

The Maquipucuna Ecological Reserve and the Surrounding Areas 

In 1989, the Maquipucuna Ecological Reserve (Reserva Maquipucuna) and the 

Upper Guayllabamba Watershed Protective Forest (Cuenca Alta del Rio Guayllabamba) 

were established at the request of the Maquipucuna Foundation (Fundacion 

Maquipucuna) and the Ministry of Agriculture and Livestock (Ministerio de Agricultura 

y Ganaderia) to mitigate deforestation rates, protect biodiversity, encourage scientific 

research in the Andean cloud forests, and promote ecotourism (PROBONA/FM 1997). 

The Upper Guayllabamba Watershed Protective Forest is located approximately 45 km 
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northwest of the capital city of Quito (at latitude 00° 04’ North and longitude 78° 37’ 

West), on the western mountain range of the Andes in the northwest portion of the 

Pichincha Province.  In 1992, the Maquipucuna Foundation collaborated with the 

International Union for Nature Conservation (Union Internacional para la Conservacion 

de la Naturaleza – UICN) to increase technical and economic support in order to finalize 

a management plan for the Maquipucuna Reserve and surrounding buffer zone (1800 ha). 

According to the 1990 National Census, this area is directly influenced by a population of 

20,000 inhabitants (INEC1990).  The main population centers that surround the 

Maquipucuna Reserve include Calacali, Nanengal, Nanengalito, Santa Marianitas, 

Tandayapa Valley, and Yungilla.  The next chapter discusses the fieldwork that was 

conducted in this region and the research methods that were applied in this study. 
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Chapter 3:   

Methods 

 

Research was conducted within an interdisciplinary framework that combines 

biogeography, landscape ecology, conservation biology, and cultural ecology to offer a 

case study of an analysis of forest change within the Chocó-Andean Conservation 

Corridor in the Upper Guayllabamba Watershed in Northwestern Ecuador. Information 

was collected and evaluated at both macro- and micro-scales and integrated quantitative 

and qualitative data.  Fieldwork, remote sensing, and Geographic Information Systems 

(GIS) were used to analyze land use/land cover changes within the corridor, focusing on 

the associated implications for forest habitat connectivity.  For the purpose of this study, 

forest extent and density were used as surrogate measures of forest habitat connectivity. 

FIELDWORK 

In Summer 2003, fieldwork provided a deeper understanding of the biophysical 

and sociocultural context for conservation opportunities.  A Global Positioning System 

(GPS) was used to take over 50 data points to use as ground control points and more than 

250 GPS data points to document land cover (attribute points), which provided ground-

truth data and aided in the land cover classification using remotely sensed images.  

Fieldwork also involved conducting fifty standardized open-ended interviews (Patton 
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1990) in seven communities within the Chocó-Andean Conservation Corridor:  Yungilla, 

Santa Marianitas, Palmito Pamba, Nanegal, Pahuma, Tandayllapa Valle, and Mindo.  

Most of the interviews were conducted in Spanish.  The interviewees were selected based 

on an amalgamation of random and opportunistic or emergent sampling (Patton 1990) 

based on access, availability, and willingness to be interviewed.  During the standardized 

open-ended interviews, the interviewees were asked about current land use practices, past 

land use trends (fifteen years prior to the interviews), and future land use goals (five to 

ten years in the future); their past, present, and expected future occupations; uses of the 

forest; regional changes in the forest; and their opinions of local conservation projects 

(see Appendix C for specific interview questions).  In addition to these 50 interviews, 

numerous informal conversational interviews were conducted to gain further insights into 

interacting social and political dynamics of the study area.  The majority of the interviews 

were conducted in Spanish and I translated most of the quotations provided in the results 

section. 

Table 3 shows the number of interviews conducted in each community along with 

demographic data about the interviewees.  The interviewees were primarily males in their 

thirties or older.  This was an effect of the age and gender of the people that typically 

manage the land.  The only females interviewed, other than the ones in the larger town of 

Mindo, were involved in the Maquipucuna Foundation’s women’s cooperatives.  The 

percentages for land use represent the percentage of the interviewees who reported it as 

the primary land use (rather than the actual percent of the land that is used as that 

particular land use).  If the interview respondent owned or worked on a particular piece of 
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property, then he/she was asked the question about that particular land.  Otherwise, 

he/she was asked the question about the region in general.  If the individual listed more 

than one primary land use, then equal weight was given to each land use.  For example, if 

an interview respondent listed three primary land uses, the weight of 33.3% was given to 

each land use.  Similarly, if a person had more than one job, then the percentage was 

divided equally among the job categories.  For example, one interviewee said that he was 

a guide and a farmer, so 50% was devoted to each. The occupations of farming and 

ranching were combined as a category due to the large number of respondents that did 

both simultaneously.  Chapter 5 discusses interview results.  

REMOTE SENSING AND GIS 

Remote sensing and GIS have become valuable tools for monitoring land use/land 

cover change and studying patterns of deforestation and associated implications for 

conservation (Armenteras, Gast, and Villareal 2003, Apan and Peterson 1998).  Remote 

sensing is especially useful for detecting and analyzing the spatial distributions and 

temporal relationships of land use/land cover change (Sader et al. 2000,  Southworth and 

Tucker 2001, de Wasseige and Defourny 2002, Franklin et al. 2002, Smith et al. 2003).  It 

is important to study the land use/land cover changes in order to gain insight of the 

drivers of land use change and determine the implications of habitat modification. 

Remote sensing enables the acquisition of data for places that are inaccessible for 

fieldwork (either because they are dangerous or difficult to reach), provides a means to 

perceive information that is beyond the visible spectrum, creates a window through 
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which the past can be viewed to observe temporal changes, and allows for analysis of 

information over a larger spatial extent than would be feasible by fieldwork alone (Jensen 

2000, Southworth and Tucker 2001).   

Materials 

The data in this study were obtained from the Global Land Cover Facility: Earth 

Science Data Interface (http://glcf.umiacs.umd.edu/index.shtml) and the United States 

Geological Survey Global Visualization (http://glovis.usgs.gov/).  The two images 

downloaded, covering northwestern Ecuador including the capital city Quito, were found 

in path 10, row 60.  The first image (see Figure 4), Landsat TM (EarthSat, Orthorectified) 

was acquired March 26, 1986.  The most recent image (see Figure 5), Landsat ETM+ 

(EarthSat) was acquired November 4, 2001.  These images were chosen due to their 

relative lack of cloud cover over the area of interest.  Both of these images consist of 7 

bands.  Bands 1-5 and 7 have a spatial resolution of 30 m and band 6 has a spatial 

resolution of 120m.  The 2001 Landsat ETM+ also had a panchromatic band 8 with high 

resolution.  The 1986 image had 7236 rows, 7801 columns, and an image record length of 

7801.  The 2001 image had 6000 rows, 6600 columns, and an image record length of 

6600.  Many files were created from these two satellite images.  ERDAS Imagine 8.5 and 

8.6, ArcView 3.2, and ArcGIS (ArcMap, ArcScene, and ArcToolbox) were all used to 

analyze and manipulate data.   

The information for both images was imported as Generic Binary Band 

Sequential data in order to have the option to merge bands 1-5 and band 7 into one file.  
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Band 6, the Thermal Infrared band, was not imported because it was obtained at a 

different spatial resolution than the other bands.  The 1986 image, initially projected in 

Space Oblique Mercator, was re-projected in UTM-S WGS 84 Zone 17 (10 million was 

added to the number provided in the header file in order to properly project it in UTM-

South).   

There were several steps involved in making the 1986 and 2001 images 

compatible.  First, a subset was created from the 1986 image to eliminate extraneous 

cloud cover outside the area of interest (ULX: 741855, URY: 10042208.5, LRX: 

839239.5, and LRY: 991415.5).  Then, a subset covering approximately the same area 

was created for the unprojected (still in map space) 2001 image by referring to major 

landmarks and other details in the landscape.  The 2001 image was geometrically 

rectified by aligning it with the orthorectified 1986 image by image-to-image referencing 

using 50 ground control points.  The 2001 image was obtained as zero level data and it 

has strips or misaligned data throughout the entire image.  In an attempt to ameliorate this 

problem, 1st, 3rd, and 4th order polynomials – nearest neighbor and cubic convolution 

sampling methods were experimented with.  Image Geometric Correction 4th order 

polynomial (nearest neighbor and cubic convolution) provided the best match.  This 

provided a RMS error of 0.8756 (however, the visual error of alignment in the worst 

places is 2.5 pixels).  Nearest neighbor distance was chosen to maintain quality of 

spectral signatures. 
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Finally, the images were re-subsetted (ULX: 741930, ULY: 10042142.5, LRX: 

835666.5, and LRY: 9915944.5) to eliminate edges that did not have overlap with the 

other image.   

Classification 

An unsupervised classification was performed on the 1986 and 2001 subsets 

within the classification box of the Imagine Interface.  There are two stages in an 

unsupervised classification.  In Stage 1, the computer statistically separates classes based 

on spectral information.  In Stage 2, the analyst attributes the classes based on spectral 

signatures, spatial and textural patterns, and physical and cultural knowledge of the study 

area.  In the clustering options, 255 classes were identified based on 100 Maximum 

Iterations and a Convergence Threshold of 0.98.  All other factors were left on default.  

After completion of the ISODATA cluster and either the maximum threshold or 

maximum number of iterations was reached, a grayscale image was created.   

The attributes of the unsupervised classification were viewed by selecting Raster 

Attributes-Column Icon.  A new column, Class ID, was selected as a select integer, then 

moved between Class_names and Color.  Mutually exclusive and exhaustive classes were 

incorporated in the creation of a land cover classification.  A color chart was obtained and 

unique colors were assigned to indicate the land cover type and ID.  The probable land 

cover types were identified by viewing the original image subset in various band 

combinations, analyzing the spectral signatures, and using personal knowledge and best 

judgment.  A specific Class ID was assigned to each class name.  Each class was grouped 
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into a particular land cover type: (1) Forest; (2) Scrubland; (3) Herbaceous; (4) Soil; (5) 

Rock; (6) Water; (7) Glacier; (8) Clouds; and (9) Shadow. 

Areas of Interest were selected in order to improve land cover classification where 

there was spectral confusion.  For example, water and shadow were difficult to 

distinguish spectrally, so an area of interest was created around water bodies to classify 

them separately.  This was also done where the reflectance of cloud was mixed with other 

classifications.  The Model Maker of Imagine was used to replace the misclassifications 

with the proper class 

Finally, recoding procedures were performed to classify same types into same 

categories.  This was accomplished by selecting GIS Analysis – Recode from the 

Interpreter of the ERDAS IMAGINE menu bar.  Clicking on Setup Recode and entering 

values from Class ID to New Value aggregated classes into one group or cover type to 

reduce the thirty classes down to eleven.  The new recoded file, 

ecu86unsupclassrecode.img and ecu2001unsupclassrecode.img, were opened and the 

classes were re-colored in order to be congruent with the original file and the labels to the 

new classification scheme were matched with the original unsupervised classification.        

Change Detection 

In order to perform a change detection without introducing error caused by cloud 

cover and shadow, a model was created to add Cloud and Shadow classes from both the 

1986 and 2001 images and then mask the summed area out of each image.  

Ecu01clear.img was recoded to assign the Cloud and Shadow classes a value of 0.  The 



 21 

same procedure was performed for ecu86clear.img.  This recoding process created 

ecu86csmask.img and ecu01csmask.img.  These new files were used as inputs for the 

Cloud/Shadow Mask Models for 1986 and 2001.  The 1986 model (ecu86csmask.gmd) 

performed the following Conditional Either Function: 

 

EITHER 0 IF ( $n2_ecu01csmask==0 ) OR $n1_ecu86csmask OTHERWISE 

 

The 2001 Cloud/Shadow Mask Model (ecu01csmask.gmd) also performed a Conditional 

Either Function: 

 

EITHER 0 IF ( $n1_ecu86csmask==0 ) OR $n2_ecu01csmask OTHERWISE 

 

Running these models created ecu86csmasked.img and ecu01csmasked.img. 

The recoded classification 1986 and 2001 subsets were used as inputs in a model 

(ecu8601changedetect.gmd) created in ERDAS Imagine Spatial Model Maker to produce 

the output raster (ecu8601changedetect.img) that represented change detection of the 

northwestern Ecuador from 1986 to 2001.  This image corresponds to an attribute table 

that has 64 categories of possible change.  This number of categories was reduced back to 

eight by using the change detect image as input to create a recoded raster image 

(ecu8601changedetectrecode.img) that aggregated all of the changed classes using GIS 

Analysis.  Although the categories in the Attributes Table were reduced, information was 
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not lost.  Changes in land use/land cover can be detected by analyzing the Summary 

Matrix. 

The first step involved creating a table of all of the possible classification 

changes.  For example, Forest could stay as Forest, change to Scrubland, change to 

Herbaceous, change to Exposed Soil, change to Exposed Rock, …etc.  There were eight 

possibilities for all eight categories.  Therefore, there were sixty-four categories.  The 

information in the table includes the number of the original class, the possible change, 

and the renumbered class change. 

After the table was created, a model to detect change needed to be built.  This was 

achieved using ERDAS Spatial Modeler Model Maker.  The 1986 and 2001 recoded 

classification subsets (ecu86maskedcwsrecode.img and ecu01maskedrecode.img) were 

used as raster inputs.  Nearest Neighbor was the type of interpolation performed.  These 

inputs were connected to a function to create a raster output (unsigned 8-bit, thematic 

data) of change detection of northwestern Ecuador from 1986 to 2001 

(ecu8601changedetect.img).  The function was defined by a conditional statement that 

described the possible ways the classes could change and what their new class_id would 

be.   

GIS Analysis was used to recode the change detection image to reduce the sixty-

four classes down to ten. The new values were renumbered in accordance with the 

ChangedNewClass_Id.  Viewing the changed detection class enables observation of 

classes that experienced the most change.  The Summary Function was used to obtain 

statistics and enhance analysis of land use land cover change between the two time 
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periods.  The 1986 masked classification subset (ecu86csmasked.img) was used as input 

for the Zone and the 2001 masked classification subset (ecu01csmasked.img) was used as 

input for the Class.  Cell Array was selected in order to view the summary statistics.   

The Summary Function was used to obtain statistics and enhance analysis of land 

use land cover change between the two time periods.  The 1986 masked classification 

subset of the forest corridor (ecu01csmasked2subset.img) was used as input for the Zone 

and the 2001 masked classification subset of the forest corridor 

(eco01csmasked2subset.img) was used as input for the Class.  Cell Array was selected in 

order to view the summary statistics. 

GIS enabled analyzing the forest change at multiple scales: the overall southern 

portion of the Chocó-Andean Conservation Corridor, specific sub-watersheds, a 5 km 

radius surrounding particular communities (which corresponded well with the main area 

of land used by local community members), and within 500 m riparian corridors, which is 

the comparable to the 400 m – 600 m minimum width recommended for a corridor to 

maintain tropical forest linkages (Bennett 2003) and a 1 km riparian corridor, which 

would more effectively buffer and protect core vegetation.   

The next chapter provides information about the Accuracy Assessment and 

describes forest cover change within the study area based on the Remote sensing and GIS 

results. 
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Chapter 4:   

Forest Cover Change:  Remote sensing and GIS Results 

 
This chapter provides the results of the Accuracy Assessment of the land cover 

classification for the 2001 remotely sensed satellite image and a description of regional 

forest cover change within the southern portion of the Chocó-Andean Conservation 

Corridor region, forest cover change for specific sub-watersheds, forest cover change 

surrounding particular communities, and forest cover change within riparian corridors. 

ACCURACY ASSESSMENT 

Congalton (1991) emphasizes the importance of performing an accuracy 

assessment after classifying the land cover of remotely sensed imagery.  Tables 4 and 5 

show the Accuracy Assessment Error Matrix for the 2001 Landsat ETM+ Image and 

provide information about Producer’s, User’s, and Overall Classification Accuracy and 

Overall Kappa Statistic.  Producer’s Accuracy for forest was 83%, User’s Accuracy for 

forest was 92%, and Overall Classification Accuracy was 87%, with an Overall Kappa 

Statistic of 0.835.   

REGIONAL FOREST COVER CHANGE IN THE SOUTHERN CHOCÓ-ANDEAN 

CONSERVATION CORRIDOR 

In 1986, 67% of the Southern Chocó-Andean Conservation Corridor was covered 

by forest, but in 2001 only 47% of the corridor had forest cover.  From 1986 to 2001, 
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24% of the region was deforested at an average rate of 1.6% per year (or 3,035 ha/year).  

During this 15 year time period, only 3.1% of the region had forest re-growth, so there 

was an overall reduction of 20% of the forest that occurred at an average rate of 1.3% per 

year.  Tables 6 and 7 provide detailed information about the forest cover change within 

the corridor.  An analysis of the spatial patterns of the deforestation reveal that most of 

the forest loss occurred in the southeastern portion of the corridor, which also 

corresponds to the portion of the corridor closest to Quito (see Figure 6).  There was also 

considerable deforestation in the northern half of the corridor along the Guayllabamba 

River. 

Did different types of forest undergo the similar or different trends in land use 

land cover change?  The following paragraphs describe forest change for lower montane 

forests, mid-slope cloud forests, and upper montane forests. 

In 1986, 73% of the land between the elevations of 1300-1800m within the 

Southern Chocó-Andean Conservation Corridor was classified as lower montane forest.  

In 2001, only 43% of this land was still classified as lower montane forest.  Nearly half of 

the lower montane evergreen forest in this region was transformed to other land covers 

between 1986-2001.  This corresponds with an annual deforestation rate of 3.2%.  There 

was a 7% re-growth of lower montane forest in 2001, but there was still a net loss of 41% 

of lower montane forest, which declined at an average rate of 2.7% per year in this 

region.  Table 8 provides more detailed information about change of the lower montane 

forest.  

Mid-slope cloud forests of this region were also transformed to other land covers.  

In 1986, 81% of the land within the elevation range of 1800-3000m was cloud forest, but 
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in 2001 only 61% remained forest.  Nearly one-third of the cloud forest was deforested 

between 1986-2001, which averages out to a deforestation rate of 1.9% per year.  

Although 3.5% of the cloud forests experienced re-growth during this time, there was an 

overall net loss of more than one-quarter of the cloud forests in this region in a period of 

15 years, which is an overall reduction of cloud forest at an average rate of 1.7% per year. 

See Table 9 for more information about cloud forest change within the conservation 

corridor. 

In 1986, 76% of the land between 3000-3400m was covered by upper montane 

forest, but in 2001 only 53% of this region was covered by forest.  More than one-third of 

the upper montane forest was deforested in 15 years at an average rate of 2.3% per year.  

Accounting for the nearly 4% of upper montane forest re-growth during this time, the 

overall loss of upper montane forest was 31%, which corresponds with an average rate of 

2.1% loss of upper montane forest per year. Table 10 provides more information about 

change of upper montane forest within the conservation corridor. 

Are these deforestation rates evenly distributed across the study site or do patterns 

of land use/land cover change vary across the landscape?  The following section 

compares four different sub-watersheds within the corridor. 

FOREST COVER CHANGE WITHIN SPECIFIC SUB-WATERSHEDS 

The next scale of analysis involved comparing forest change within four 

contiguous sub-watersheds between the Maquipucuna Ecological Reserve and the 

Mindo-Nambillo Protected Forest (see Table 11 and Figure 7).  Together these four sub-
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watersheds makeup the Upper Guayllabamba Watershed, which is nested within the 

Esmeraldas Basin, which extends from the Andes to the Pacific Ocean.   

The Saguanel Sub-Watershed drains 6,900 ha of land, including the village of 

Santa Marianitas and most of the Maquipucuna Ecological Reserve (see Figure 8).  In 

1986, 98% of this sub-watershed was covered with forest, and in 2001 94% of the sub-

watershed was still covered in forest.  In 15 years, the Sauguanel Sub-Watershed only 

experienced a 4% overall loss of forest (a loss 0.3% per year), which is dramatically less 

than the overall loss of forest across the corridor as a whole.  The spatial pattern of 

deforestation shows that most of the forest loss occurred in the southeast corner of the 

watershed.  The forest inside the Maquipucuna Ecological Reserve appeared to remain 

intact.   

The Pichán Sub-Watershed covers an area of 16,524 ha, including the village of 

Yungilla and the southern portion of the Maquipucuna Ecological Reserve (see Figure 9).  

In 1986, 76% of the area was covered by forest, but in 2001 only 40% of the area was 

forested.  Overall, nearly half of the forest was transformed to other land covers within 15 

years (a loss of 3.1% per year).  The percentage of forest loss in the Pichán Sub-

Watershed was twice as much the percentage of loss of forest within the overall corridor 

region.  The spatial patterns of the Pichán Sub-Watershed reveal that the southeastern 

half of the watershed had the most deforestation.  The rate of deforestation in this area is 

likely accelerated due to its proximity to Quito. 

The Alambi Sub-Watershed spans 6,919 ha between the Pichán Sub-Watershed 

and the Mindo-Nambillo Protected Forest and includes Pahuma and Tandayllapa Valley 

(see Figure 10).  In 1986, 91% of this sub-watershed was covered in forest, but in 2001 
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only 75% of the area was covered in forest.  Within 15 years, there was an overall 

reduction in forest by 18% (a loss of 1.2% per year).  This rate of forest loss is close to 

the rate of forest loss within the overall corridor.  Most of the deforestation occurred near 

Quito in the southeast corner of the watershed and along the major road. 

The Mindo Sub-Watershed begins on the top of the Pichincha Volcano and ends 

near the town of Mindo, draining an area of 8,905 ha (see Figure 11).  In 1986, 90% of 

the sub-watershed was covered in forest, and in 2001 88% of the area was still covered in 

forest.  Hence, during this 15 year time period, the Mindo Sub-Watershed experienced an 

overall forest loss of 3% (0.2% per year).  Analysis of the spatial patterns of the 

deforestation document that most of the forest loss has been in the northeast portion of 

the watershed near Mindo.  There was also some deforestation that occurred within the 

Mindo-Nambillo Protected Forest near the headwaters of the Mindo River.  More field 

work could facilitate a deeper understanding of land use changes  within the protected 

forest.   

Out of these four sub-watersheds, the Mindo and Saguanel Sub-Watersheds 

experienced the least amount of deforestation.  How do the deforestation rates of these 

particular sub-watersheds compare to the deforestation rates surrounding the main 

villages of these sub-watersheds?   

FOREST COVER CHANGE WITHIN SPECIFIC COMMUNITIES 

Forest change was also analyzed within a 5 km buffer (which corresponded well 

with the main area of land used by local community members) around the following 

communities:  Santa Marianitas and Nanegal; Yungilla; Tandayllapa Valley; and Mindo 
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(see Figure 12).  Table 12 shows the percentage of lower montane forest, cloud forest, 

and upper montane forest within 5 km of each community.  

In 1986, 84% of the 5 km buffer surrounding Santa Marianitas and Nanegal was 

covered by forest.  In 2001, 75% of the area was covered by forest.  During the 15 years 

between 1986-2001, 21% of the area was deforested and 6% of the area experienced 

forest re-growth so the net loss was 16% of the forest (at an average rate of 1.1% of forest 

loss per year).  Tables 13, 14, 15, and 16 provide more detailed information about forest 

change surrounding Santa Marianitas and Nanegal. 

In 1986, 70% of the 5 km buffer surrounding the center of Yungilla was covered 

by forest.  In 2001, only 35% of this area had forest cover.  More than half of the forest 

from 1986 (51%) had been deforested by 2001.  During this time, only 2% of the area 

had forest re-growth, so there was an overall 49% loss of forest (at an average rate of 

3.3% per year). Tables 13, 14, 15, and 17 give additional information about forest change 

surrounding Yungilla. 

In 1986, 87% of the 5 km buffer surrounding Tandayllapa Valley and Pahuma 

was covered by forest.  In 2001, 84% of this area was still covered by forest.  The 11.3% 

deforestation from 1986 to 2001 was partially counterbalanced by 8% forest re-growth.  

Therefore, overall forest loss during these 15 years was 3.8% (at an average rate of 0.3 % 

per year). Tables 13, 14, and 15 show data related to forest change surrounding 

Tandayllapa Valley and Pahuma. 

In 1986, 89% of the 5 km buffer surrounding the center of Mindo was covered by 

forest.  Over the next 15 years, 21% of the area was deforested while 6% experienced 

forest re-growth.  During this time period there was an overall loss of 15.8% of the forest 
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(at an average rate of 1.1% of forest loss per year). Tables 13, 14, and 15 provide 

additional information about forest change surrounding Mindo. 

Out of the communities in this study, the 5 km surrounding Tandayllapa Valley 

experienced the least amount of deforestation and the most forest re-growth.  At the 

opposite end of the spectrum, the 5 km buffer around Yungilla had significantly more 

deforestation and less forest re-growth than any of the other communities in this study.  

The final section of this chapter discusses forest change along riparian corridors. 

FOREST COVER CHANGE WITHIN RIPARIAN CORRIDORS 

In 1986, 89% of the land within a 500 m buffer along major (4
th

 order) streams in 

the Southern Chocó-Andean Conservation Corridor was covered with forest.  Similarly, 

90% of the land within a 1 km buffer along major streams was forested.  In 2001, 61% of 

the land within the 500 m riparian buffer was covered in forest and 64% of the 1 km 

riparian buffer was forested.  Within the 15 year time period, 32% of 500 m riparian 

buffer zone was deforested (at an average rate of 2.1% per year) and 28% of the 1 km 

riparian buffer zone was deforested (at an average rate of 1.9% per year).  Table 18 

provides information about forest change within the 500 m and 1 km buffer around 

riparian corridors and Figure 13 shows the land cover classifications for 500 m and 1 km 

riparian buffers and Figure 14 provides alternative future scenarios of potential 

conservation opportunities within riparian corridors. 

The next chapter discusses the socio-cultural context of the region (and specific 

localities) based on interview results from communities within the Southern Chocó-

Andean Conservation Corridor. 
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Chapter 5:   

Interview Results 

 
This chapter provides the results of 50 interviews conducted in Summer 2003. 

YUNGILLA 

Yungilla (see Figure 15) is a small town of about 50 families (approximately 300 

people).  According to local residents, all but three families have lived there for their 

entire lives, and the three “new” families have lived there for nearly twenty years.  A 

small dirt road goes through the community, and the nearest paved road is a one to two 

hour walk away.  Only a couple of community members have vehicles, but several have 

horses or donkeys for transportation.  Most community members had gardens 

surrounding their homes and a larger farm further away (on average about a two hour 

walk from town). 

According to local residents, there used to be a huge hacienda (a large estate or 

plantation) in the Yungilla area (approx. 10,000 ha).  The government forced the 

hacienda to break up and give some of the land to the workers in the mid-1940s.  In order 

to claim title to the land, a worker had to clear 50% of the land.  This policy encouraged 

people to clear more land than they could manage and caused a significant amount of 

deforestation.  A local guide estimated that 30% of the land in the area is primary forest 
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and 70% is pasture, agriculture, and secondary forest.  How have primary land uses 

changed over time and how will they change in the future? 

According to the interview responses, the primary land use in Yungilla has shifted 

from resource extraction to pasture and an increase of conservation, ecotourism, and 

forest regeneration (see Table 19 and Figure 16).  The primary land use described for the 

late 1980s was cutting down trees to make charcoal.  This was no longer considered a 

land use in the present, and it was not mentioned as a planned land use for the future.  

Although agriculture increased from 29% to 42% as a primary land use, it was expected 

to decrease to less than 10% in the next 5-10 years.  Having pastures for cattle ranching 

increased as a primary land use from 1988 to 2003 (from 14% to 48%) and was expected 

to continue to increase in the future (to 64%).  Ecotourism, organic gardens, and forest 

regeneration were not listed as primary land uses in the past, but were listed as present 

land uses that were expected to grow in the future.    

While describing the uses of the forest, many of the interviewees said that in the 

past the forest was primarily used to extract resources (i.e., wood for charcoal, firewood, 

and construction materials) and the forest was cleared and transformed to pastures.  Most 

of the interviewees emphasized present uses of the forest for animal habitat and 

ecotourism. The general consensus from the interviews was that there was less forest than 

there was in the mid-1980s, but more forest than there was in the mid-1990s, and they 

expect forest regeneration to continue in the future. 

Occupational changes in Yungilla correspond with the changes in land use.  

Based on the interviews in Yungilla, the percentage of farmers and ranchers is 
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decreasing, while the percentage of conservation related work is increasing (see Table 20 

and Figure 17).  Nearly 70 % of the respondents were farmers and/or ranchers in the late 

1980s, whereas just over half of them were farmers and/or ranchers at the time of the 

interview in 2003.  Many people that worked as farmers or ranchers in the late 1980s had 

occupations related to conservation in 2003.  The percentage of interviewees involved in 

conservation-related work increased from zero in the late 1980s to almost 50% in 2003.  

Conservation-related occupations that the interview respondents were involved in include 

being an accountant for an ecotourism project, a guide, organic farming (see Figure 18), 

and working in the women’s cooperative.  Work at the women’s cooperative involves 

organic gardening and making cheese, jam, and recycled paper products. One of the 

women involved in the women’s cooperative stated that if the cooperative did not exist, 

she would have to travel to Quito to clean houses (as she did in prior to the establishment 

of the women’s cooperative).  Will this trend in occupational changes continue into the 

future? 

There were only minimal changes in future work plans.  The most significant 

change involved farmers planning to retire.  The only other change was nearly half of the 

remaining farmers planning on farming and ranching in the future.  Farmers spoke 

positively about reforestation and about the benefits of shade trees in pastures (see Figure 

19).  The majority of the farmers also talked about improving pastures with better pasture 

grass and better cows rather than just expressing plans for expansion.  In fact, many of 

the farmers described future land use goals to involve more organic gardens and good 

management plans to have minimum impact on the forest.   
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The conservation projects appeared to be extremely successful in the small 

community of Yungilla.  In fact, all of the interviewees reported positive individual and 

regional changes due the conservation projects in the area.  The respondents said that the 

conservation projects “increased impulse for the community to conserve” and “changed 

the way people live.”  They discussed the importance of reforesting the area to protect 

biodiversity, water quality, and other natural resources.  One interviewee stated that 

thanks to the conservation projects and environmental education programs, the “people 

know more...the people were destroying the forests, but the people depend on them and 

need to take care of them.”  They were also thankful that the conservation projects 

provided jobs, environmental education, organic gardens, volunteers, and viable 

alternatives to cutting down the forest.  Overall, every respondent reported positive 

personal changes, 88% described a job opportunity or an improved financial situation as a 

result of the conservation projects, and 50% stated that they had better health and/or a 

better life.  One reason the conservation projects may be working well in Yungilla is 

because “Yungilla has always been organized and has had good leaders”.   This interview 

respondent also said “Good changes have happened due to Maquipucuna's influence in 

the area such as ecotourism and getting to meet people from all over the world.  Before 

Maquipucuna, most children did not go to high school, but now they do, which is a good 

sign that the community is developing.”  Are the positive changes due to conservation 

projects in Yungilla seen in other communities in and around the Chocó-Andean 

Corridor? 



 35 

SANTA MARIANITAS 

Santa Marianitas (see Figure 20) has approximately the same population as 

Yungilla.  It is about a 30-minute walk from Santa Marianitas to the entrance of the 

Maquipucuna Ecological Reserve.  Similar to Yungilla, Maquipucuna is about an hour 

walk from the nearest paved road and only a few residents have vehicles.  Santa 

Marianitas is on the opposite side of Maquipucuna Ecological Reserve from Yungilla.  It 

is a full day to hike between the two communities and a significant change in elevation, 

with Santa Marianitas around 1300 m and Yungilla around 2300 m.      

Primary land uses in Santa Marianitas are shifting (see Table 21 and Figure 21).  

Agriculture was the primary land use in the past (nearly 90%).  The other main past land 

use described was cutting wood to make charcoal.  According to the interviews, the 

amount of agriculture has nearly halved, while reporting of pastures as a primary land use 

has risen from 0% to almost 40%.  Conservation and ecotourism were not reported as 

primary land uses of the past, but currently were reported to be little over 11%, with plans 

for growing to nearly 40% in the future.  Many of the interviewees identified 

conservation, reforestation, and ecotourism as future land use goals.   

Based on the interviews, Santa Marianitas also demonstrates a similar trend of a 

reduction of farm work and growth of conservation related work (see Table 22 and Figure 

22).  Half of the respondents were farmers and/or ranchers in the past, but only one fourth 

of them were farmers and/or ranchers in the present.  While the percentage of farmers 

decreased, the percentage of conservation work doubled from almost 40% to almost 80%.  

Conservation related work described in the interviews in Santa Marianitas included 
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technical assistant in Maquipucuna’s Orchid Lab; administrator of the Maquipucuna 

Ecological Reserve; administrative assistant, guide, and maintenance man for the 

Maquipucuna Ecological Reserve; cook and guardian of the ecotourist house for 

volunteers at Maquipucuna Ecological Reserve; nature guide (see Figure 23); assistant 

administrator/coordinator of Santa Lucia; and artisan in the women’s cooperative.  The 

women’s cooperative is similar to the one in Yungilla, but at this cooperative, the main 

emphasis is on making jewelry and other products using tagua and other seeds and 

resources from the forest (see Figure 24). 

Uses of the forest described by the community members included extraction of 

resources (i.e., wood for fire or construction) as well as environmental services such as 

shade, watershed protection, habitat for birds and other animals, and its ability to attract 

tourists.  An interviewee reported that:  “In the past people cut most of the forest, but not 

anymore.  The foundation has taught people about resources and reforestation.  In the 

past, a rancher would clearcut an entire pasture, but now he leaves half of the trees to 

provide shade for the animals, to help the soil, and maintain more water.”  There were 

mixed opinions about whether there was more or less forest in 2003 than there was in the 

late 1980s:  some said there were more trees while others said less or the same, but 

respondents agreed that the rate of deforestation had decreased and the land is in the 

process of forest regeneration. 

One of the community members described how the people initially reacted 

negatively to the conservation efforts in the region: “At first the people were bothered by 

the presence of Maquipucuna because people were use to being able to use the forest and 
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the animals there however the wanted.  Some people continued to enter the reserve 

without permission.”  An interview respondent said: “People relied on the forest's 

resources and were frustrated by access limitations caused by the creation of the 

Maquipucuna reserve....only people working for Maquipucuna benefited.”  However, 

with time, local perceptions of the conservation projects became more positive. 

The interview respondents described many positive personal changes due to the 

proximity of the reserve and local conservation projects, including job opportunities, 

intellectual change; gained knowledge; new relations/connections; improved social 

skills/personal relations, opportunities to meet people from other cultures, increased 

knowledge of nature; and easier work.  A local resident said: “before the Maquipucuna 

Foundation's influence in the area, there was a lot of deforestation, but now the area is in 

the process of reforestation.”  Furthermore, it was expressed that “life is easier … there 

are ways of living other than growing sugarcane, but there still needs to be more 

help/more business.” Some of the women's co-operative projects, such as recycled paper 

products, were not successful at first, but they have gotten better and there is potential for 

additional groups to form. 

Over half of the interviewees reported that they have positive opinions about the 

local conservation projects, but one third of the people said that they felt that it would be 

better if the projects provided more jobs and more help with land-management.  An 

interview respondent felt that “the projects are important to conserve natural resources for 

survival and for future generations.  Ecotourism, agroforestry, organic gardens, keeping 

trees in pastures, the women's co-op…all provide options to not cutting the trees.  All 
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projects have the same vision.”  However, another respondent said: the projects are 

“good, but they lack something.  Projects should not just be for conservation, they should 

provide jobs.  Then, people can help reforest an area.”  Another community member 

concurred: “Reforestation is the answer, but people have to have alternatives.  Currently, 

there are not many work options other than farming and ranching.”  A farmer and rancher 

emphasized the importance of conservation projects providing assistance with land-

management: “It would be better if the projects helped more with land-management for 

agricultural lands and pastures.  Private conservation may work in a reserve, but due to 

lack of help on agricultural fields or pastures, people continue to cut trees.”  Many of the 

residents of Santa Mariantias would be interested in pursuing occupations that did not 

involve deforestation (or at least minimize deforestation) as long as there were 

opportunities for more conservation-related work or more training in conservative land-

management techniques. 

As pointed out by one of the community members, success of the conservation 

projects depend on whether or not “the people of Santa Marianitas can organize into 

groups and work towards a similar vision.”  Some members of the community expressed 

that “the people of Santa Marianitas do not work well together, so it is difficult for the 

conservation projects to go well.”  An interview respondent expressed that the projects 

“are good for the people when the people are receptive to them.   Before going along with 

projects, people must first understand how they can benefit from it.  There needs to be 

more ecotourism and more organization in order for more people to benefit.  There also 
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needs to be more promotion for the government to increase prospects of ecotourism.”  

Hopefully, these insights can lead to more successful projects.   

Did the impact of conservation projects in Santa Marianitas extend to the 

surrounding communities? 

NANEGAL AND PALMITO PAMBA 

Residents of Nanegal and Palmito Pamba (see Figure 25), two communities 

located close to Santa Marianitas, reported that the Maquipucuna Biological Reserve and 

Mindo-Nambillo Ecological Reserve were located too far away to have significant 

changes that extended to their area.  All of the interviewees stated that there were not any 

conservation projects in their communities, but many felt like they were greatly needed.  

Agriculture and/or pastures were described as the primary land uses of the past, 

present, and future (see Table 23 and Figure 26).  Agriculture as a primary land use 

decreased over time, from 73% in the late 1980s, to 43% in 2003, to 0% in the future five 

to ten years.  Inversely, having pastureland as a primary land use grew overtime, from 

27% in the late 1980s, to 57% in 2003, to 60% in the next five to ten years.  Although 

none of the interviewees listed resource extraction as a primary land use (in the past, 

present, or future), all of the interviewees described the primary use of the forest to be the 

extraction of wood for construction and export.  The majority of the interviewees 

expressed that there was little forest left, and they did not have high hopes of there being 

more forest in the future.  These were the only communities interviewed where no one 

listed conservation or ecotourism as one of the primary land uses.   
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Occupational trends in Nanegal and Palmito Pamba are undergoing significant 

changes (see Table 24 and Figure 27).  The percentage of farming and ranching 

occupations decreased overtime from 83% in the late 1980s to 50% in 2003 to an 

estimated 40% in the future. None of the interview respondents had occupations related 

to conservation (in the past, present, or predicted in the future).  Some community 

members described the struggles of finding work.  In fact, 17% of the respondents 

complained that they were not able to find work.  Jobs other than farming and ranching 

included being a carpenter, working at a store, or being a lawyer.  This category of 

“other” work increased over time from 17% in the past to 33% in the present, to an 

estimated 60% in the future.  Many of the residents are longing for new work 

opportunities. 

None of the farmers or ranchers who were in these two communities owned their 

own land and some interviewees reported that they would not continue being a farmer 

because they could not make enough money.  Although the land 15 years ago was 

described as “good for cultivation,” many of the interviewees were concerned about the 

land’s current and future fertility.  They made comments such as the “mountain 

vegetation has been exploited, has been overworked,” “the land doesn’t have time to 

recuperate,” and “the land is too tired to produce yucca.”  Furthermore, a Nanegal 

resident complained that the forest lacks protection, but that it “needs to be protected so it 

is not exterminated.”  He further elaborated that the area needed a reforestation plan 

because the forests were important for ecotourism, as well as for the health of the river, 
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trees, and people.”  What can be done to promote reforestation and create job 

opportunities where so much forest has already been lost?  

PAHUMA AND TANDAYLLAPA VALLEY 

Pahuma (see Figure 28) and Tandayllapa Valley (see Figure 9) lie between the 

protected areas of Maquipucuna Biological Reserve and Mindo-Nambillo Protected 

Forest.  The residents of the area said that a lot of the forest in the area was logged by a 

match company fifty years ago.  During this transformation, the forests were converted to 

pastures, but the cattle did not do well on the steep slopes of the region.  Much of the 

forest has re-grown and many species, including large mammals have returned to the 

area.   

Conservation and ecotourism were described as a primary land use of the past 

present and future, growing from 33% in the past to 67% in the present and future (see 

Table 25 and Figure 30). In a description of predicted future land use, an interviewee 

reported that the “whole valley is leaning towards ecotourism and small scale farming.  

There will be more forest and more animals.”  Pastures were described as a primary land 

use in the past by 17% of the respondents, but none of the respondents described pastures 

as a primary land use in the present or future.  Agriculture was not described as a primary 

land use in the past, present, or future.  Although agriculture was not described as a 

primary land use most of the residents in fact practice small-scale subsistence farming. 

Conservation-related work opportunities appeared to increase from the late 1980s 

to 2003  (see Table 26 and Figure 31).  Farming and ranching occupations described by 
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the interview respondents decreased from 33% in the past, to 17% in the present and 

future.  The primary occupations described in the present and future were related to 

conservation or ecotourism (50%).  Occupations in the other category included being a 

school teacher, selling tractors, and working on a trout farm. 

In a description of how the forest has changed over time, a local resident stated 

that there was more forest than 15 years ago, but less than 50 years ago (before the match 

company logged the area).  This change was attributed to road access.  Tandayllapa 

Valley is located along the old road to Mindo.  Although most people now take the paved 

new road to Mindo rather than the old unpaved one, residents described (and it was 

observed) that logging trucks use the old road in order to avoid a checkpoint along the 

main road.   

MINDO 

Mindo (see Figure 32), the largest village in this study, has a population of nearly 

3,000 people (according to local residents).  The elevation of the Mindo area ranges from 

around 1,400 m to 4,780 m, and the area is well known for its cloud forests and the 

biodiversity of its flora and fauna.  The Mindo-Nambillo Protected Forest, established in 

1988, protects 19,200 ha of cloud forest.  Does Mindo’s proximity to the Mindo-

Nambillo Protected Forest affect locals in Mindo?  How have land use priorities and job 

opportunities changed over time? 

Agriculture and cattle ranching have decreased as primary land uses while 

ecotourism related land uses have increased over time (see Table 27 and Figure 33).  The 
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primary land use described in the past and present was pastures for cattle ranching.  

Although nearly half of the interview respondents stated that pastures were a primary 

land use in the late 1980s and early 2000s, this percentage dropped to only 13% in the 

next five to ten years.  Agriculture was listed as a primary land use by one-quarter of the 

interview respondents in the late 1980s, increased to almost one-third in 2003, and then 

decreased to a little over one-tenth for the next five to ten years.  Using the land for 

conservation and ecotourism increased significantly from zero in 1988 to 21% in 2003 to 

an expected 32% around 2010.  Resource extraction was described as a primary land use 

by 10% of the respondents in the late 1980s but was not listed as a primary land use of 

the present or future. 

The percentage of farmers and ranchers has decreased from 35% in the late 1980s 

to 22% in 2003 (see Table 28 and Figure 34).  The interview respondents predicted that 

farming/ranching occupations would slightly increase to 27% over the next five to ten 

years.  Occupations related to conservation and ecotourism increased significantly from 

9% in the late 1980s to 35% in 2003 and was predicted to increase to 40% in the next five 

to ten years.  Occupations related to conservation and ecotourism included being a guide, 

ranger/gamekeeper, and growing orchids.  Additional occupations that were affected by 

tourism include working in a hotel/lodge/hostel, restaurant, store, or rafting club.  Other 

occupations included working as a secretary, teacher, carpenter, or working at a 

telephone company or hardware store. 

Residents of Mindo said that much of the forest was cut down prior to the mid-

1980s, but it is in the process of growing back.  A local resident explained that “people 
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do not cut down the trees because it is prohibited so people get their wood from outside 

sources.”  Another community member stated that no one sells wood from their 

properties anymore, but some said illegal logging still occurs:  “Sometimes outsiders use 

the forest for hunting and logging, but people who have lived here for many years are 

allowing the forest to re-grow.”  Some residents attribute the decrease in deforestation 

rates to the fact that “there is not any good wood left.”  Another resident said: “All of the 

good trees have already been cut.  Because of this, we have to let the trees re-grow for 

around 20 years.”   

A resident of Mindo described that: “Before the late 1980s, many of the people 

thought the only way of life involved cutting down trees, but now tourism business is 

growing along with the increased consciousness for the need of a healthy environment 

and clean water.”  During the last few years people have been planting trees in the 

pastures and there has been conversion of pastures back to forest for tourism.  A Mindo 

resident stated that: “The forests are re-growing because tourism is strong and livestock is 

weak.”  Another resident said: “People are maintaining their forests at high elevations for 

the tourists and keeping their pastures for cattle grazing at lower elevations.” 

Some residents described how being near the protected forest benefited their 

community and how maintaining the forests benefit the people and the local economy.  

Many residents expressed that conserving the forest is a central part of Mindo's economy 

because it is essential for tourism.  A Mindo resident stated: “It is because of the 

protected forest that Mindo is known as a tourist attraction.  The protected forest has 

started ecotourism here, and this has changed the town of Mindo.”  Many residents 
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described how they no longer extract timber from the forests.  They want to preserve the 

forest so they make houses out of cement and bamboo.  The primary use of the forests 

has become uses related to tourism (trails, bird watching, orchids, rivers, etc.). 

There were also several Mindo residents that said that they knew that there are 

conservation projects, but they did not know enough about them to have an opinion.  

Others expressed how they thought conservation efforts needed to be improved:  “There 

is space for forest to grow and expand, but there is not a plan for reforestation that is well 

organized.”  Another resident stated: “The conservation projects lack a lot.  Particularly 

in the education of the people.”  Other residents complained that the government is not 

doing is part (i.e. it is allowing the oil pipeline), that the management of protected forest 

is corrupt at the national and local level; or that there were not enough employment 

opportunities.  In summary, it seems as though the conservation projects in the Mindo 

area have been a balance of failures and successes. 

The following chapter offers a discussion about the findings of this study along 

with conclusions of this report. 
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Chapter 6:   

Discussion and Conclusion 

 
The findings of this research illustrate the need for a holistic approach to 

conservation of ecological and hydrologic function of the forests of the Ecuadorian 

Andes.  A comprehensive conservation plan should involve an interdisciplinary approach 

that entails: (1) Linking conservation efforts across multiple spatial scales,  (2) Extending 

conservation efforts beyond protected areas by promoting land-management strategies 

that maintain habitat quality and connectivity, (3) Understanding local needs and socio-

cultural issues related to conservation strategies (i.e., the importance of a shared vision 

and sustainable livelihoods), (4) Utilizing a watershed perspective to make land use 

decisions that maintain hydrologic connectivity (i.e., protect and restore riparian forest 

corridors); and (5) Promoting re-growth of forest patches in fragmented landscapes.  The 

following sections describe these recommendations in further detail.  Last but not least, 

this chapter ends with recommendations for future research and conclusions of this 

report. 

AN INTERDISCIPLINARY APPROACH: INTEGRATING FIELDWORK, GIS, AND 

REMOTE SENSING 

An interdisciplinary approach that combines fieldwork (including observations 

and interviews with locals), GIS, and remote sensing to understand the interactions of 
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biophysical and socio-cultural processes across temporal and spatial scales is necessary to 

gain a full picture of forest change and connectivity over time.  Remote sensing is 

especially valuable for quantifying how the forest cover has changed from past to present. 

Fieldwork is critical for understanding complex interactions of the factors driving forest 

change.  GIS facilitates analyses of spatial relationships of forest change (i.e., forest 

change within specific watersheds or surrounding particular communities).   

When using remote sensing, it is also important to perform fieldwork to become 

familiar with biophysical and socio-cultural processes that influence land use/land cover 

of the area under study (Southworth and Tucker 2001, Sanchez-Azofelfa et al. 2002).  

Understanding the social component of land use/land cover change is known as 

“socializing the pixel” (Geoghegan and Pritchard 1995, Sanchez-Azofelfa et al. 2002).     

It is important to combine these approaches because remote sensing on it’s own may 

provide misleading results.  Results of studies that only involve remote sensing or only 

involve fieldwork could lead to very different conclusions.  For example, based on the 

remote sensing work in this study, the area surrounding Yungilla has undergone the 

highest rates of deforestation.  However, fieldwork in Yungilla and interviews with the 

locals indicate that the conservation projects have been the most successful.  Therefore, it 

is expected that the land surrounding Yungilla may experience decreased deforestation 

rates and increased rates of forest re-growth in the future.  Understanding local 

receptivity to conservation approaches facilitates prediction of how the forest cover is 

likely to change in the future.  Although remote sensing and GIS are widely being 

promoted as a means to analyze spatial relationships of land use/land cover change 
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(DeFries 2002, Sader et al. 2000, Southworth and Tucker 2001), fieldwork remains 

essential to gain a full picture of factors that affect land use decisions.  The 

interdisciplinary approach used in this study to integrate fieldwork (including 

observations and interviews with locals), GIS, and remote sensing enabled insight into 

the interactions of biophysical and socio-cultural processes across multiple spatial scales. 

LINKING CONSERVATION EFFORTS ACROSS MULTIPLE SPATIAL SCALES 

 [L]arge and complex systems need to be analyzed at both the individual (micro) and 

collective (macro) levels. The ability to relate to individual and aggregate behavior is 

crucial for understanding complexity. Insight requires shifting back and forth from 

micro-level to macro-level and back again. Neither level can be reduced to or fully 

explained without the other (Chen & Stroup 1993, p. 457). 
 

Systems theory provides an excellent means to explore and conceptually integrate 

understandings of the interaction of land use/land cover changes in relation to watershed 

systems, which involve complex physical and human elements and interactions.  Chen 

and Stroup (1993) emphasize the importance of the ability to perceive and move between 

the macro- and micro-levels to understand interconnected relationships between the two. 

This spatial agility is very important for understanding the Earth as a complex system.  

The system can only be understood by contemplating the whole, not just isolated parts.  

Systems thinking provides a framework for seeing interrelationships and “patterns of 

change rather than static snapshots” (Senge 1990, p. 68).  This “shift of the mind from 

seeing parts to seeing wholes” offers the perspective of seeing people as “active 

participants in shaping their reality” (p. 69).  This systemic perspective enables an 
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understanding of how individual and collective actions can lead to local and global 

transformations. 

In order to understand earth surface processes, we need to understand complex 

system interactions at multiple scales (i.e., community, watershed, regional, and global).  

The findings of this study indicate that the scale of analysis can significantly affect the 

results of a study.  For example, there were significant differences in the rates of 

deforestation depending on the boundaries of the area analyzed (i.e., a 5 km radius 

around a specific community, a particular watershed, or the overall southern portion of 

the Chocó-Andean Conservation Corridor).  For example, at the watershed-level, the land 

surrounding Santa Marianitas (the Saguanel Sub-Watershed) and Mindo (Mindo Sub-

Watershed) have had the least percentage of net forest loss from 1986 to 2001 (3%-4%), 

but at the community-level (according to 5 km buffers around specific localities), Santa 

Marianitas and Mindo experienced four times the percentage of net forest loss (16%).  

Tandallyapa Valley showed the opposite trend.  At the community-level, Tandayllapa 

Valley has had the least amount of net forest loss (4%), but at the watershed-level, it had 

4.5 times the percent of overall forest loss (18%).  Comparing results across different 

scales can facilitate a deeper understanding of the dynamics of forest change and 

hydrologic connectivity.  Results from only one scale would have been misleading or 

incomplete. 

Overall annual rate of forest loss varied dramatically based on the scale of 

analysis.  The following summarizes the findings related to rate of forest loss within the 
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southern portion of the conservation corridor, within particular watersheds, surrounding 

specific communities, and within riparian corridors: 

• Southern portion of the Chocó-Andean Conservation Corridor: 1.3% 

o Lower Montane Forest: 2.7% 

o Mid-slope Could Forest: 1.7% 

o Upper Montane Forest: 2.1% 

• Sub-Watersheds 

o Saguanel: 0.3% 

o Pichán: 3.1% 

o Alambi: 1.2% 

o Mindo: 0.2% 

• Communities (within a 5 km radius) 

o Santa Marianitas and Nanegal: 1.1% 

o Yungilla: 3.3% 

o Tandayllapa Valley: 0.3% 

o Mindo: 1.1% 

• Riparian Corridors 

o 500 m: 2.1%  

o 1 km: 1.9%  

 

A critical component of biodiversity conservation involves maintaining spatial 

patterns across the landscape that promote connectivity for species, communities, and 
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ecological processes (Bennett 2003).  Landscape connectivity, the degree that landscape 

elements are functionally connected, is based on the scale that the organism perceives and 

moves through the environment, the distance between habitat elements, and the extend 

that matrix prevents movement of organisms (Hobbs 2002).  The two main factors that 

affect the degree of connectivity, or how the quality and spatial arrangements of elements 

in the landscape facilitate or impede the movement of organisms among patches of 

habitat, are structure of the ecosystem and behavior or particular organisms.  The spatial 

arrangement of habitat types influences structural connectivity: the contiguity of 

particular habitats, the distance between habitats, and the suitability/permeability of gaps 

(Bennett 2003).  Individuals and species respond to structural connectivity depending on 

the scale that the species perceives and moves throughout the environment, the habitat 

requirements and dispersal strategies of the species, the species’ level of habitat 

specialization vs. generalization and tolerance to disturbed habitat, and other biological 

interactions (Bennett 2003).  Therefore corridors of certain dimensions may function well 

for some species but not for others. Conservation at multiple spatial scales can involve 

linking a conservation network of protected areas by connecting large and small 

ecological reserves and extending conservation efforts beyond protected areas via stand-

level and landscape-level matrix management strategies.  The following sections will 

discuss land use strategies that help maintain and promote structural complexity and 

forest habitat connectivity.  
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EXTENDING CONSERVATION EFFORTS BEYOND PROTECTED AREAS AND 

PROMOTING FOREST RE-GROWTH IN FRAGMENTED LANDSCAPES 

Conservation efforts have typically focused on setting aside large tracts on land in 

protected areas (Schelhas and Greenberg 1996).  Large ecological reserves play a critical 

role in conservation of biological diversity, but conservation based solely on large 

reserves will not adequately represent or conserve biodiversity (Schelhas and Greenberg 

1996, Lindenmayer and Franklin 2002, Miller and Hobbs 2002).  Small reserves can 

conserve species that may not be accounted for in large reserve networks (Miller and 

Hobbs 2002), but conservation efforts need to extend beyond protected areas.  Land use 

decisions outside of protected area boundaries can influence ecosystem integrity within 

the protected area in terms of affecting species and/or habitat  (DeFries et. al 2002, 

Sanchez-Azofelfa et al. 2002, Lawton et al. 2001).  For example, deforestation in the 

lowlands can impact upland cloud forest ecosystems by altering energy budgets that 

influence cloud formation (Lawton et al. 2001) and fragmenting habitat connectivity.   

Effective conservation of tropical biodiversity must extend efforts to areas outside 

of reserves (Schelhas and Greenberg 1996, Meisel and Woodward 2005).  Conservation 

efforts have been biased towards areas with limited human presence but areas of human 

settlement have enormous implications for biodiversity conservation (Zimmer and Young 

1998, Miller and Hobbs 2002, Meisel and Woodward 2005).  In fact, most threatened 

species occur on private lands (Miller and Hobbs 2002, Meisel and Woodward 2005).  

Also, land-management decisions made outside of the protected area, such as 

deforestation, can be detrimental to mobile species that depend on resources beyond the 
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boundaries of the protected area (Schelhas and Greenberg 1996).  McNeely (2004) 

contends that effective conservation planning needs to encompass a large variety of land 

uses and management approaches with strict protection at one end of the spectrum and 

intensive use at the other.   

Land use decision made by rural landowners in the tropics is a major factor that 

determines the existence of forest patches (Alcorn 1996, Schelhas 1996).  Forest patches 

in human dominated-landscapes can be important to the livelihood of rural people.  

Forest patches can produce products for sale or subsistence, provide important ecological 

services such as watershed protection, soil conservation, and habitat for biodiversity 

(Alcorn 1996, Schelhas and Greenberg 1996).  Many small landholders express interest 

in reforestation, but are discouraged by high initial investments and long-term returns 

(15-25 years) (Schelhas 1996).  Landscape-level management strategies could improve 

the effectiveness of biodiversity conservation (Kattan and Alvarez-López 1996).  Land-

management practices that can enhance habitat value for a variety of species include 

diversification of crops, increasing forest connectivity by leaving trees in fields and 

pastures, by having forested borders, and by the incorporation of agroforestry.  Some of 

the participants of this study grew shade grown coffee bananas and citrus trees together.  

Also, it was common to have Papaya trees in pastures. 

Modern agricultural practices have led to fragmentation, reduction, and 

disappearance of natural and semi-natural habitats (Eijsackers 1988).  Converting 

forested land to agriculture destroys habitat and degrades native ecosystems for forest-

dependent species (Tilman et al. 2001). However, agroforestry and silviculture practices 
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can improve the value of forest patches, and therefore the likelihood of their conservation 

(Schelhas and Greenberg 1996).   

Agroforestry has been promoted to improve rural livelihoods concurrently with 

enhancing biodiversity conservation efforts (Fisher and Bunch 1996).  This is a critical 

component for successful biodiversity conservation (Holl 2002).  Agroforesty aims to 

minimize changes to habitat quality and ecosystem processes while still providing 

resources for consumption or profit (Holl 2002).  Noble and Dirzo (1997) point out that 

although agroforestry reduces biodiversity in comparison to interior forest, it provides 

habitat for significantly more biodiversity that forests that have been cleared or converted 

to other land uses, such as pastures and agriculture.   

Leaving trees in agricultural areas can provide habitat refuge and facilitate 

recovery of forests (Holl 2002).  Linking habitats by means of hedgerows (living fences) 

can increase resources for a large variety of animals (Mader 1988).  Planting hedgerow 

can increase species richness, influence the microclimate, and enhance the breeding 

success of birds (insect and weed predators) (Eijsackers 1988).  Hedgerows also provide 

windbreak, affects the microclimate, enhances soil moisture, prevents soil erosion, and 

stabilizes the water budget (Mader 1988).  Hedgerows can also provide wood for fuel or 

construction and shade to tree crops (Fisher and Bunch 1996).  In addition to providing 

structural complexity and habitat connectivity, the spatial distribution of hedgerows in 

relation to topography can influence the flow of water, drainage patterns, erosive force, 

and productivity of farmland (Bennet 2003).  The following sections provide examples of 
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how land use decisions with an ecological foundation can improve the quantity and 

quality wildlife habitat.   

In the tropics, tree crops cycle nutrients and maintain soil fertility more efficiently 

than annual crops (Schroth et al. 2001).  The canopy of the trees helps to increase soil 

moisture and moderate climate (Alcorn 1990).  This can often protect crops from frost or 

intense heat.  Tree crops enhance soil biological processes by providing permanent soil 

cover (Schroth et al. 2001).  The integration of trees can enhance physical and chemical 

properties of the soil.  The perennial root system of the trees helps to decrease erosion, 

improves nutrient cycling efficiency, and maintains soil organic matter.  Soil enrichment 

is found near trees and beneath canopies.  This can lead to an increase in long-term 

sustainability and productivity (Gliessman 1990).  Although shade-grown coffee is not 

always as productive as open-grown coffee, it is less expensive to grow because it does 

not require as much fertilizers and pesticides.  This allows farmers to make profits even 

when coffee prices are low (Schelhas 1996).  By keeping the forest intact, natural 

regenerative processes are incorporated into indigenous agroforestry systems (Alcorn 

1990).  More sustainable agricultural systems can involve land-management strategies 

that enhance habitat quality and connectivity.  In the study area, many of the local 

residents keeping some trees in pastures (i.e. growing papaya trees in pastures), shade 

grown coffee, and using fast-growing bamboo for construction rather than timber. 
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LOCAL NEEDS AND RECEPTIVITY TO CONSERVATION PROJECTS 

 If tropical farmers cannot be provided with sustainable land use systems, which 

address their subsistence needs and keep them gainfully employed, tropical 

forests will continue to disappear (Knoke et al. 2009, p.548). 
 

It is essential for conservation strategies to take an interdisciplinary approach in 

order to weave social considerations into an ecological framework.  A shortcoming of the 

conservation network in Latin America is that many conservation projects ignore the 

social component (Hecht and Cockburn 1991, Sundberg 1998).  Public support is critical 

to the success of biodiversity conservation (Miller and Hobbs 2002).  It is important to 

consider the human issues associated with biodiversity conservation and reserve design 

(Hecht and Cockburn 1991, Sundberg 1998).  People living within and surrounding 

protected areas make critical land use decisions that significantly influence the 

distribution and connectivity of habitats in a region.  Land use decisions outside of 

protected area boundaries can influence ecosystem integrity within the protected area in 

terms of affecting species and/or habitat.  Schelhas (1996) advocates a site-specific 

approach in order to understand current land use decisions and ways to further encourage 

conservation strategies into future land use decisions into the appropriate social, cultural, 

economic, and policy context.  Sites can learn from one another, but it is important to 

have flexible approaches in order to meet local needs. 

Local communities have the potential to play a vital role in managing linkages in 

their local environment and can have accumulative impacts at the global level (Bennett 

2003).  Landowners can protect, manage, and repair habitat at the local level. These 
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efforts can target small changes that accumulate to make differences in regional 

connectivity.  Therefore, it is important to promote environmental education and 

sustainability projects with surrounding local communities (Young 2002).  Alcorn (1996) 

emphasizes the need for conservation strategies to focus on social processes that aim to 

create ownership structures by engaging local communities as stakeholders and empower 

them with the necessary resources to enhance forest patch management. 

Policy can have a great impact on land use decision and hence, land cover change.  

For example, when the government broke up and redistributed a large hacienda in 

Yungilla, Ecuador, they deemed that individuals could be given the amount of land that 

he could “work”.  In this case, “work” was defined as ability to cut the forests.  This 

caused escalated rates of wasteful deforestation.  Many of the community members 

strongly expressed the importance of conservation efforts contributing positively to local 

livelihoods by unifying the community with a shared vision, creating job opportunities, 

and/or offering subsidies for implementing land use practices that help maintain or 

restore the forest.   

The Pahuma Botanical Reserve (see Figure 34) is located slightly northwest of 

Quito.  It is nested between the Maquipucuna Ecological Reserve and Mindo-Nambillo 

Protected Forest and has the Pichán and Alambi Rivers as its northern and southern 

borders.  This reserve protects 650 ha of montane forest between 1,800 m and 2,600 m on 

the western slopes of the Andes.  In the late 1990s the Ceiba Foundation for Tropical 

Conservation and the local landowner worked together to create a conservation easement 

for the land, which was implemented in 2000 (the first easement of its kind in Ecuador).  
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The Ceiba Foundation for Tropical Conservation offered the landowner an incentive 

package that helped provide an infrastructure for tourism, technical training, and 

promotional materials.  In return, the landowner has agreed to certain land use 

requirements (including prohibiting hunting, cutting timber, extracting resources, 

transforming the land to pasture, etc.  This reserve provides and excellent example of 

conservation on private land and may provide a model for future conservation easements 

(Meisel and Woodward 2005). 

A WATERSHED PERSPECTIVE 

In addition to this focus on maintaining and improving habitat quality and 

connectivity, hydrologic integrity should also be included as vital criteria for determining 

conservation priorities.  It is important to consider management decisions in the context 

of an entire catchment because occurrences at any given point in a watershed can have 

upstream or downstream ramifications.   Many scholars have advocated the need for 

management at the basin-scale (Allan et al. 1997, Verdin and Verdin 1999, Burt 2001, 

Pringle 2001).  Unfortunately, the scientific and policy-oriented framework for combined 

management of land and water remains relatively unarticulated (Allan et al. 1997).  

Basin-scale research is important in order to determine the relationship of connectivity 

throughout the landscape and the implications changes may have on biota (Naiman and 

Decamps 1997, Pringle et al. 2000, Zalewski 2000).  Hydrologic connectivity, the linkage 

and association of biota, energy, and matter traveling through a hydrologic system 

(Pringle 2001), can function laterally, vertically, longitudinally, and/or temporally 
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(Amorors and Bornette 2002).  This concept of connectivity needs to be taken into 

consideration if sustainable management of water is to be achieved. 

Presently, land-managers and decision-makers often focus on spatial and temporal 

scales that are limited in scope.  Watershed management would be enhanced if managers 

and policy-makers adapted a ‘geomorphological perspective’ encompassing a longer-

term perspective with recognition of dynamic spatial patterns (Kondolf, Piegay, and 

Landon 2002).  The hydrology and sensitivity of a river basin can be drastically altered 

by land use and land cover change.  For example, deforestation has enormous 

implications for watershed sensitivity and probability of slope failure.  

Soil erosion and hazardous landslides are common problems in mountainous 

regions such as in the high elevations of the Andes (Harden 2001, Espizua and 

Bengochea 2002, Hofstede et al. 2002, Vanacker et al. 2002).  Espizua and Bengochea 

(2002) define the principle factors causing instability to be geology, stream and river 

erosion, deeply cut glacial valleys, slopes created by rockfalls, snowmelt, subsidence, 

heavy precipitation, and anthropogenic influences.  Vanacker et al. (2002) found that 

slope movement susceptibility was significantly influenced by deforestation history and 

soil wetness.  Severe erosion often occurs after deforestation in the tropics due to 

vulnerability caused by intense rains of long duration (Pringle 2000).  Frequency and 

magnitude of debris flow depend on morphological characteristics, hydroclimatic events, 

and material availability and supply (Pareschi et al. 2002).  Brardinoni et al. (2002) 

concluded that catchment response to timber harvesting and land management depended 

on complex interactions among biophysical conditions of the watershed, 
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hydrometeorological variables, and human activities.  Although there is a high degree of 

variability of watershed response to logging, frequency of landslide occurrence rises 

drastically with logging activity (Guthrie 2002).  Deforestation can accelerate and 

intensify landscape vulnerability to erosion by reducing local resisting forces (Brardinoni 

et al. 2002).  Conversion of forest to agricultural lands and pasture on steep slopes could 

initiate a greater frequency and intensity of slope failure.  Slope failure can cause 

ecological hazards with high economic costs.  Slope movements can affect down-

slope/downstream areas by increasing the sediment load.  If the sediment load exceeds 

the transport capacity of the stream, the sediment will be deposited, possibly creating a 

dam that may induce flooding upstream (Vanacker et al. 2002).   Climate, land use, and 

tectonic activity can significantly influence sediment supply.  Fluvial systems in 

mountainous areas are closer to sediment sources and have a higher magnitude of energy, 

which can increase their sensitivity to alterations in bedload delivery (Liebault et al. 

2002). Landslides were a significant problem for people in the study area.  Numerous 

landslides were seen in the field and in the remotely sensed imagery imagery.  

Occasionally roads were blocked from landslides. 

Watersheds in the tropics have increased sensitivity to development pressures due 

to the complex interactions of ecological, physical, and socio-economic components 

(Pringle 2000).  A better understanding of watershed systems and the interacting factors 

that lead to landscape sensitivity will enhance and facilitate basin–scale management, but 

it will also require cooperation between scientists, policymakers, managers, and 
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stakeholders (Ewel et al. 2000; Fausch et al. 2002) to find harmony between human needs 

and ecological integrity.   

Finding ways to mitigate soil erosion is vital to sustaining agricultural 

productivity (Harden 2001).  Vegetation cover can reduce erosion by increasing 

infiltration and stability (Leopold 1997), and reforestation can increase water retention 

(Zalewski 2000).  Regional case studies are vital to the understanding of the 

interconnected factors that cause particular areas to be prone to instability in order to 

enhance predictive abilities and incorporate knowledge into land use planning.   

Conservation of riparian forests in the South American Tropics has been an 

overlooked opportunity.  Riparian areas are important in protecting surface waters from 

nutrient run-off, pesticides, soil erosion, and pathogens.  Environmental degradation can 

be ameliorated by preservation and restoration (Sarmiento 1997) of riparian areas.  

Strategic planning of future agricultural development can preserve biological diversity 

and enhance the land’s capability to provide important ecosystem services by minimizing 

fragmentation and preserving riparian areas and wetlands (Tilman et al. 2001).  A 

conservation plan that emphasizes protecting and restoring forest along riparian buffers 

will simultaneously enhance biodiversity conservation, soil conservation, and watershed 

protection.  The practicality of protecting and restoring riparian corridors along the 

Guayllamamba River warrants further investigation.  

Riparian areas are important areas for biodiversity (Miller and Hobbs 2002).  

Healthy riparian forest corridors are important in protecting watersheds, maintaining 

energy flows, cycling nutrients, improving water quality, preventing erosion, providing 
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habitat for a diversity of species, and acting as corridors for species movement (Malanson 

1993, Schelhas and Greenberg 1996, White, Rector, and Hays 1999, George and Zack 

2001).  Riparian plant communities are important in supplying food and providing a 

diverse range of habitat to a variety of animal species (Nilsson 1994).  Ecologically 

healthy riparian zones have a high degree of biological integrity with complex food-webs 

and well-developed symbiotic relationships (Hobbs and Harris 2001).  Habitats with high 

structural complexity, such as that of riparian areas, possess more resource dimensions 

than structurally simple habitats and are therefore equipped to support more species 

(Finch, 1988).  Riparian zones are valuable wildlife habitats because they provide 

resources that are not available in other areas (Malanson 1993).  Riparian habitat is vital 

to breeding, wintering, and migrating birds.  In fact, declines in the populations of land 

birds in western North America have been attributed to loss of riparian habitat (George 

and Zack 2001).  Rehabilitation assessment should be considered for degraded riparian 

areas. 

A conservation plan that emphasizes protecting and restoring forest along riparian 

buffers will simultaneously enhance biodiversity conservation and watershed protection 

(and will provide an efficient means for representing the forests of the western lowlands 

and provide connecticvity along an elevational gradient).  Farmers in Costa Rica keep 

forested buffers around streams and on steep slopes – these forest patches are highly 

valued by landholders for their watershed protection services (Schelhas 1996).  Costa 

Rica has a forestry law that prohibits vegetation removal or agricultural use of land 

within 200 meters from a spring, 50 horizontal meters on either side of a river in steep 



 63 

topography (Schelhas 1996).  Many farmers in Costa Rica are expanding existing riparian 

corridors by planting trees and through autogenic restoration (Schelhas 1996).  Some of 

these conservation and restoration efforts that have been implemented in Costa Rica 

should be considered for the Ecuadorian Andes. 

PROMOTING FOREST RE-GROWTH IN FRAGMENTED LANDSCAPES 

There is a critical need for ecological restoration at the landscape scale.  It is 

important to have a broad perspective because it is ecologically insufficient to focus on 

isolated components.  Most of the information and methodologies on ecological 

restoration center on individual sites, and ultimately restoration activities have to be 

conducted in particular site, but site-based restoration needs to be placed in a broader 

context (Hobbs 2002).  Landscape-scale restoration thresholds include habitat and 

hydrologic connectivity (Hobbs and Harris 2001).  Hobbs and Harris (2001) emphasize 

the important role restoration ecology has in conservation planning and the development 

and maintenance and sustainable land use practices.   

Restoration efforts in the tropics should focus on ways to facilitate autogenic 

recovery (Holl 2002, Sarmiento 1997).  Small reserves and remnant forests in pastures 

and agricultural fields may serve and forest patches may play a vital role in enhancing 

forest recovery by acting as seed sources (Schelhas and Greenberg 1996, Holl 2002).  

However, the seeds that do make it into pastures face the challenge of high seed 

predation, competition with aggressive pasture grasses, and poor ecological conditions.  

Compared to forests, agricultural clearing often have elevated light levels, increased soil 
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temperature, and decreased humidity and soil moisture levels.  Planting native trees can 

improve seed dispersal, shade out pasture grasses, elevate soil nutrients, and enhance 

germination abilities of other seedlings.  A method that overcomes many of these 

challenges is to plant tree branches or trunks that often resprout (Holl 2002).  Vegetating 

degraded regions with native plants can enhance habitat potential and provide 

stabilization by improving nutrient cycling, strengthening interrelationships, and 

preserving biological diversity.   

FUTURE RESEARCH NEEDS 

More studies concerning how current land-management strategies across the 

landscape affect biological diversity and watershed integrity should be pursued.  More 

specifically how composition and configuration of habitat patches influence connectivity 

for various species.  More evidence is needed to evaluate the potential benefits corridors 

offer for particular species and communities.  Additional fieldwork within the proposed 

riparian corridors along the Guayllabamba River could provide further insight about the 

primary drivers of land use change in that area and the potential for future conservation 

and forest re-growth.  

Sierra and others (2002) emphasize the need for a ‘geographic vision’ when 

determining conservation priorities.  They propose a multi-criteria model that identifies 

priorities for conservation in Ecuador based on “representativeness in the current reserve 

network, human pressure, habitat loss, and species-level value based on bird species 

data.”  Due to the aforementioned reasons outlined in this paper, it is also important to 
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include sensitivity to land use/land cover changes and associated influences on forest 

habitat and hydrologic connectivity when establishing criteria for determining 

conservation priorities.  Studies concerning how current watershed management 

strategies affect biological diversity and ecosystem integrity should be pursued.  Local 

residents could be interviewed about their conceptions of watersheds and their 

perceptions of watershed management. 

There is also a great need for long-term studies on the effectiveness of ecological 

restoration, what the requirements are for species germination and seedling 

establishment, and what tropical trees can sprout from stems (Holl 2002).  A more 

comprehensive understanding of ecological and biophysical processes could greatly 

enhance the potential for effective environmental conservation and management.  

Research findings need to be clearly communicated to decision makers to enhance 

adaptive management plans at the basin-scale.   

CONCLUSION 

Many past and current land use decisions have lead to the loss of biological 

diversity in the Ecuadorian Andes due to habitat loss and fragmentation. The upper 

Esmeraldas Watershed is an area undergoing rapid environmental change.  Historically 

socio-economic conditions and increasing population pressures have accelerated the 

conversion of steep, forested slopes to agricultural fields and pastures, which can lead to 

an increase in runoff and soil degradation, hazardous landslides, destruction of wildlife 

habitat, and pollution of water. 
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Conservation efforts in this region have helped promote land use decisions have 

the potential to mitigate this problem of forest habitat loss and fragmentation.  Strategic 

planning of future agricultural development can preserve biological diversity and enhance 

the land’s capability to provide important ecosystem services by minimizing 

fragmentation and preserving riparian areas.  Conservation of biodiversity depends on 

implementing strategies that span across multiple spatial scales and promote land-

management decisions that ameliorate the problems of habitat loss and fragmentation by 

enhancing habitat and hydrologic connectivity. 

Effective conservation of biodiversity will require strategies across a spectrum of 

spatial scales and multiple land uses.  Spatial patterns and temporal trends of land 

use/land cover change can influence habitat connectivity and affect long-term 

conservation options.  Targeting conservation priorities based on deforestation pressure 

and role in providing habitat connectivity will improve the success potential of 

conservation efforts. 

Regional case studies are vital to the understanding of the interconnected factors 

that are involved in changing land use strategies in order to minimize deforestation rates 

and promote habitat connectivity.  Although there has been significant deforestation 

within the Chocó-Andean Conservation Corridor, most of the people in the surrounding 

communities seem to be appreciative of the conservation projects.  Communities that do 

not have conservation projects were requesting training in better land management 

practices. Land-management practices that can enhance habitat value for a variety of 

species include diversification of crops, increasing forest connectivity by leaving trees in 
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fields and pastures, by having forested borders, and by the incorporation of agroforestry.   

Many of the locals welcome job opportunities that conservation projects may bring.    

Effective understanding of how land use decisions can affect biological and social 

communities will require interdisciplinary collaboration among scientists, community 

members, other stakeholders, and policy-makers.  Knowing the long-term impacts of land 

use decisions will have on the landscapes, the wildlife that live therein, and for the 

livelihood of the people living there could greatly enhance decision making processes and 

lead to policy enforcement that simultaneously protects the interests of people and the 

other organisms that live on a landscape.   

Ecological and social components of habitat connectivity are often studied in 

isolation.  It is essential for conservation strategies to take a multidisciplinary approach in 

order to weave social considerations into an ecological framework.  Targeting land-

management strategies that maintain and restore habitat quality and connectivity will 

enhance biodiversity conservation efforts. A more holistic understanding of how 

ecological and social processes interact could greatly enhance the potential for effective 

environmental conservation and management within conservation corridors. 
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Appendix A: Tables 
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Table 1. Climate Based on Elevation Ranges (Data from Hanratty 1991). 

Climate Level based on 
Altitude 

Elevation 
Range 

Temperature 
Range 

Description 

Tropical Level                    400-1800 m          20° C - 25° C         Heavy precipitation 

Subtropical Level      1800-2500 m         15° C - 20° C         Moderate 
precipitation 

Temperate Level       2500-3200 m    10° C - 15° C          100 cm Annual 
rainfall 
 

Cold Level             3200-4650 m          3°C - 9°C          Rain, hail, thick fog 

Frozen Level          above 4650 m         <0°C - 3°C         Snow, fog, rain 

 

 

Table 2. Protected Areas in and around the Southern Portion of the Chocó-Andean 
Conservation Corridor1  

Protected Area Size 
(Ha) 

Elevation 
Range (M) 

# of Plant 
Species 

# of Animal 
Species 

Maquipucuna Reserve 5,500 1200-2800 
Nearly 2,000 
plants; 200 trees; 
100+ orchids 

330+ birds; 45+ 
mammals 

Mindo-Nambillo 
Protected Forest 

19,200 1400–4780 No data 400+ birds 

Pahuma Orchid 
Reserve 

650 1800-2600 200+ orchids No data 

Santa Lucia 650 1300 to 2450 2,000 plants 
320+ birds; 
45+ mammals 

Upper Guayllabamba 
Watershed Protected 
Forest 

14,000 1200-3300 No data No data 

                                                

1 Data from Meisel and Woodward 2005, GEF 2000, PROBONA/FM 1997, Vázquez-
Garcia 1995, www.ecuaworld.com/mindo.htm, 
www.ecuadorcloudforest.com/html/birding.html, 
www.arches.uga.edu/~maqui/resrv.htm, www.ceiba.org/elpahuma.htm and 
www.explored.com.ec/ecuador/guia/sierra/cotades.htm. 
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Table 3.  Interviewee Demographics. 

Community # of 
interviews 

# of 
males 

# of 
females 

Yungilla 8 6 2 

Santa Marianitas 9 8 1 

Nanegal 4 4 0 

Palmito Pamba 2 2 0 

Pahuma 1 1 0 

Tandayllapa Valley 2 2 0 
Mindo 24 17 7 

Total 50 40 10 
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Table 4. Accuracy Assessment Error Matrix for 2001 Landsat ETM+ Image. 
 

 
Forest 

Scrub-
land 

Herb-
aceous 

Soil/ 
Rock 

Water Glacier 
Cloud/ 

Shadow 
Classified 

Totals 
Forest 57 5 0 0 0 0 0 62 

Scrubland 3 18 4 0 0 0 0 25 

Herbaceous 3 3 60 3 0 0 0 69 

Soil/Rock 0 0 8 57 0 0 1 66 

Water 0 0 0 0 10 0 0 10 

Glacier 0 0 0 0 0 10 0 10 

Cloud/ 
Shadow 

3 0 0 0 0 0 10 13 

Reference 
Totals 

66 26 72 60 10 10 11 255 

 

 

Table 5. Producer’’s Accuracy, User’s Accuracy, and Kappa Statistics for 2001 Landsat 
ETM+ Image. 

Producer’s Accuracy 
 

User’s Accuracy 
 

Class Name Number 
Correct/ 

Reference 
Totals 

Producer’s 
Accuracy 

Number 
Correct/ 

Classified 
Totals 

User’s 
Accuracy 

Kappa 

Forest 57/66 83.4% 57/62 91.9% 0.8912 

Scrubland 18/26 69.2% 18/25 72.0% 0.6882 

Herbaceous 60/72 83.3% 60/69 87.0% 0.8182 

Soil/Rock 57/60 95.0% 57/66 86.4% 0.8217 

Water 10/10 100.0% 10/10 100.0% 1.0000 
Glacier 10/10 100.0% 10/10 100.0% 1.0000 

Cloud/Shadow 10/11 90.9% 10/13 76.9% 0.7588 
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Table 6.  Land Cover Change Analysis for Lower Montane Forest, Cloud Forest, and 
Upper Montane Forest within the Southern Chocó-Andean Corridor in 

Northwestern Ecuador (ha). 

 

Total 
Forest 
1986 
(ha) 

Total 
Forest 

2001 (ha) 

Deforestation      
1986-2001 (ha) 

Forest Re-
growth 

1986-2001 
(ha) 

Forest 
Loss 
1986-

2001 (ha) 
Lower 

Montane 
Evergreen 

Forest 

39,981.54 23,666.37 19,256.58 2,941.41 16,315.17 

Cloud 
Forest 

83,484.60 62,310.70 24,060.96 2,887.06 21,173.90 

Upper 
Montane 

Evergreen 
Forest 

6,406.22 4,447.47 2,205.43 246.68 1,958.75 

Total 
Forest 

129,872.36 90,424.54 45,522.97 6,075.15 39,447.82 
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Table 7.  Land Cover Change Analysis for Lower Montane Forest, Cloud Forest, and 
Upper Montane Forest within the Southern Chocó-Andean Corridor in 

Northwestern Ecuador (%). 

 

Lower Montane 
Evergreen 

Forest 
(1300-1800m) 

Cloud 
Forest 
(1800-

3000m) 

Upper Montane 
Evergreen 

Forest 
(3000-3400 m) 

Total 
Forest 

Total Area (ha) 54,706.5 102,560.9 8,419.3 193,093.0 

% Forest 1986 73.1% 81.4% 76.1% 67.3% 

% Forest 2001 43.3% 60.8% 52.8% 46.8% 

% Deforestation 
1986-2001 48.2% 28.8% 34.4% 23.6% 

% Forest Re-
growth 1986-

2001 
7.4% 3.5% 3.9% 3.1% 

% Over all 
Forest Loss 
1986-2001 

40.8% 25.4% 30.6% 20.4% 
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Table 8.  Land Cover Change Analysis for Lower Montane Forest within the Southern 
Chocó-Andean Corridor in Northwestern Ecuador. 

 

1986 
Lower 

Montane 
Forest 
(ha) 

1986 
Scrubland 

(ha) 

1986 
Herbaceous 

(ha) 

1986 
Soil/Rock 

(ha) 

2001 
Total 
Area 
(ha) 

2001 
% of 
Total 
Area 

2001 Lower 
Montane 

Forest (ha) 
20,724.96 1,974.90 881.05 85.45 23,666.37 43.3% 

2001 
Scrubland 

(ha) 
9,613.71 2,762.54 1,684.44 83.82 14,144.52 25.9% 

2001 
Herbaceous 

(ha) 
6,099.10 2,277.47 1,660.08 83.66 10,120.31 18.5% 

2001 
Soil/Rock 

(ha) 
3,543.77 1,918.21 1,219.19 94.14 6,775.30 12.4% 

1986 Total 
Area (ha) 

39,981.54 8,933.13 5,444.76 347.07 54,706.50  

1986 % of 
Total Area 

73.1% 16.3% 10.0% 0.6%   
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Table 9. Land Cover Change Analysis for Mid-Slope Cloud Forest within the Southern 
Chocó-Andean Corridor in Northwestern Ecuador. 

 

1986 
Cloud 
Forest 
(ha) 

1986 
Scrubland 

(ha) 

1986 
Herb-
aceous 

(ha) 

1986 
Soil/Rock 

(ha) 

2001 
Total 

Area (ha) 

2001 
% of 
Total 
Area 

2001 Cloud 
Forest 59,423.64 1,857.86 833.53 195.67 62,310.70 60.8% 

2001 
Scrubland 

8,838.99 2,055.80 1,108.40 105.27 12,108.45 11.8% 

2001 
Herbaceous 10,152.48 3,345.98 2,375.02 253.02 16,126.49 15.7% 

2001 
Soil/Rock 

5,069.50 3,280.92 3,128.62 491.90 11,970.94 11.7% 

1986 Total 
Area (ha) 83,484.60 10,540.57 7,445.57 1,045.85 10,2516.59  

1986 % of 
Total Area 

81.4% 10.3% 7.3% 1.0%   
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Table 10. Land Cover Change Analysis for Upper Montane Forest within the Southern 
Chocó-Andean Corridor in Northwestern Ecuador. 

 

1986 
Upper 

Montane 
Forest 
(ha) 

1986 
Scrubland 

(ha) 

1986 
Herb-
aceous 

(ha) 

1986 
Soil/Rock 

(ha) 

2001 
Total 
Area 
(ha) 

2001 
% of 
Total 
Area 

2001 Upper 
Montane 

Forest 
4,200.79 151.57 79.03 16.08 4,447.47 52.8% 

2001 
Scrubland 644.36 157.50 89.92 7.39 899.16 10.7% 

2001 
Herbaceous 

1,164.20 412.14 398.16 35.66 2,010.16 23.9% 

2001 
Soil/Rock 396.87 266.50 357.71 41.42 1,062.50 12.6% 

1986 Total 
Area (ha) 

6,406.22 987.70 924.83 100.56 8,419.30  

1986 % of 
Total Area 

76.1% 11.7% 11.0% 1.2%   
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Table 11. Forest Change within Watersheds. 

Sub-
Watershed 

% Forest 
1986 

% Forest 
2001 

% Overall Forest 
Loss 

1986-2001 

Rate of 
Forest Loss 

Alambi 
(6,919 ha) 

91% 75% 18% 1.2%/yr 

Mindo 
(8,905 ha) 90% 88% 3% 0.2%/yr 

Pichán 
(16,524 

ha) 
76% 40% 47% 3.1%/yr 

Saguanel 
(6,900 ha) 

98% 94% 4% 0.3%/yr 

 

 

 

Table 12. Percentage of Lower Montane Forest, Cloud Forest, and Upper Montane Forest 
for Specific Localities (%). 

 
 

Lower Montane 
Forest 

Cloud Forest 
Upper Montane 

Forest 
Mindo 0.0% 100.0 % 0.0% 
Santa 

Marianitas 
& Nanegal 

71.4% 28.6% 0.0% 

Tandayllapa 
Valley & 
Pahuma 

0.0% 100.0 % 0.0% 

Yungilla 0.0% 98.2% 1.8% 
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Table 13. Forest Change within 5 Km of Specific Localities (ha). 

 

Total 
Forest 
1986 
(ha) 

Total 
Forest 
2001 
(ha) 

Deforest-
ation      

1986-2001 
(ha) 

Forest Re-
growth 1986-

2001 (ha) 

Over all 
Forest Loss 

1986-2001 (ha) 

Mindo 5,454.58 4,595.14 1,168.34 308.90 859.44 

Santa 
Marian-
itas & 

Nanegal 

5,689.65 4,758.57 1,310.32 379.24 931.08 

Tand-
ayllapa 
Valley 

& 
Pahuma 

4,835.00 4,652.89 548.43 366.32 182.11 

Yung-
illa 

4,849.05 2,464.45 2,483.37 98.77 2,384.60 

 

 

 

 

 

Table 14. Forest Change within 5 Km of Specific Localities (%). 

 
% 

Forest 
1986 

% 
Forest 
2001 

% 
Deforestation      

1986-2001 

% Forest Re-
growth 1986-

2001 

% Over all 
Forest Loss 
1986-2001 

Mindo 88.6% 74.6% 21.4% 5.7% 15.8% 

Santa 
Marianitas 
& Nanegal 

83.6% 70.0% 23.0% 6.7% 16.4% 

Tandayllapa 
Valley & 
Pahuma 

86.9% 83.6% 11.3% 7.6% 3.8% 

Yungilla 69.6% 35.4% 51.2% 2.0% 49.2% 
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Table 15. Overall Forest Loss and Rate of Deforestation for Specific Localities. 

 % Over all Forest Loss 
1986-2001 

Rate of Forest Loss 

Mindo 15.8% 1.1%/yr 

Santa Marianita & Nanegal 16.4% 1.1%/yr 

Tandayllapa Valley & 
Pahuma 3.8% 

0.3%/yr 

Yungilla 49.2% 3.3%/yr 
 
 
 
 
 
 
 
 
 
 
 
 

Table 16. Lower Montane Forest and Cloud Forest Change within 5 Km of Santa 
Marianitas and Nanegal (%). 

 
% 

Forest 
1986 

% 
Forest 
2001 

% 
Deforestation      

1986-2001 

% Forest 
Re-growth 
1986-2001 

% Over all 
Forest Loss 
1986-2001 

Lower 
Montane 

Forest 
80.4% 64.2% 29.0% 8.2% 20.2% 

Cloud Forest 91.7% 84.4% 11.3% 3.4% 7.9% 
Overall 83.7% 70.0% 23.0% 6.7% 16.4% 
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Table 17. Cloud Forest and Upper Montane Forest Change within 5 Km of Yungilla (%). 

 

% 
Forest 
1986 

% 
Forest 
2001 

% 
Deforestation      

1986-2001 

% Forest 
Re-growth 
1986-2001 

% Over all 
Forest Loss 
1986-2001 

Cloud 
Forest 

70.3% 35.9% 50.9% 2.1% 48.9% 

Upper 
Montane 

Forest 
48.8% 15.0% 70.7% 0.8% 69.9% 

Overall 69.6% 35.4% 51.2% 2.0% 49.2% 
 
 
 
 
 
 
 
 
 

Table 18. Forest Change within Riparian Corridors. 

Sub-
Watershed 

% Forest 
1986 

% Forest 
2001 

% Deforestation      
1986-2001 

500 m 
Riparian 
Buffer 

(27,335 ha). 

89% 61% 32% 

1 Km 
Riparian 
Buffer 

(46,809 ha) 

90% 64% 28% 
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Table 19. Primary Land Uses in Yungilla Based on Interview Data (n=8). 

Land Use Past Land 
Use (1988) 

Present 
Land Use 

(2003) 

Future Land Use 
(5-10 Years) 

Resource Extraction 57% 0% 0% 

Agriculture 29% 42% 7% 

Pasture 14% 48% 64% 

Conservation; Ecotourism; 
Forest Regeneration 0% 10% 14% 

Other 0% 0% 0% 

Unknown 0% 0% 14% 

 
 
 
 
 
 
 
 
 
 

Table 20. Primary Occupations in Yungilla (n=8). 

Occupation Past Job Present 
Job 

(2003) 

Future 
Job 

Farmer/Rancher 69% 56% 31% 

Conservation/ 
Ecotourism/Tourism 

13% 44% 44% 

Retired/No Work 0% 0% 25% 

Other 19% 0% 0% 
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Table 21.  Primary Land Uses in Santa Marianitas Based on Interview Data (n=9). 

Land Use 
Past Land 
Use (1988) 

Present 
Land Use 

(2003) 

Future Land Use 
(5-10 Years) 

Resource Extraction 13% 0% 0% 

Agriculture 88% 50% 33% 

Pasture 0% 39% 28% 

Conservation; Ecotourism; 
Forest Regeneration 0% 11% 39% 

Other 0% 0% 0% 

Unknown 0% 0% 0% 

 
 
 

 

 

 

Table 22. Primary Occupations in Santa Marianitas (n=9). 

Occupation Past Job Present 
Job 

(2003) 

Future 
Job 

Farmer/Rancher 50% 22% 22% 

Conservation/ 
Ecotourism/Tourism 

39% 78% 78% 

Retired/No Work 0% 0% 0% 

Other 11% 0% 0% 
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Table 23. Primary Land Uses in Nanegal and Palmito Pamba Based on Interview Data 
(n=6). 

Land Use 
Past Land 
Use (1988) 

Present 
Land Use 

(2003) 

Future Land 
Use (5-10 Years) 

Resource 
Extraction 

0% 0% 0% 

Agriculture 73% 43% 0% 

Pasture 27% 57% 60% 

Conservation; 
Ecotourism; 

Forest 
Regeneration 

0% 0% 0% 

Other 0% 0% 40% 

Unknown 0% 0% 0% 

 
 
 
 
 
 
 
 

Table 24. Primary Occupations in Nanegal and Palmito Pamba (n=6). 

Occupation Past Job Present 
Job 

(2003) 

Future 
Job 

Farmer/Rancher 83% 50% 40% 

Conservation/ Ecotourism/Tourism 0% 0% 0% 

Retired/No Work 0% 17% 0% 

Other 17% 33% 60% 
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Table 25.  Primary Land Uses in Pahuma and Tandayllapa Valley Based on Interview 
Data (n=3). 

Land Use 
Past Land 
Use (1988) 

Present 
Land Use 

(2003) 

Future Land Use 
(5-10 Years) 

Resource Extraction 17% 0% 0% 

Agriculture 0% 0% 0% 

Pasture 17% 0% 0% 

Conservation; 
Ecotourism; Forest 

Regeneration 
33% 67% 67% 

Other 0% 0% 0% 

Unknown 33% 33% 33% 

 
 
 
 
 
 
 
 
 
 

Table 26.  Primary Occupations in Tandayllapa Valle and Pahuma (n=3). 

Occupation Past Job Present 
Job 

(2003) 

Future 
Job 

Farmer/Rancher 33% 17% 17% 

Conservation/ Ecotourism/Tourism 0% 50% 50% 

Retired/No Work 0% 0% 0% 

Other 67% 33% 33% 

 
 
 
 
 



 85 

Table 27.  Primary Land Uses in Mindo Based on Interview Data (n=24). 

Land Use 
Past Land 
Use (1988) 

Present 
Land Use 

(2003) 
Future Land Use 

(5-10 Years) 
Resource Extraction 10% 0% 0% 

Agriculture 26% 32% 12% 

Pasture 45% 47% 13% 

Conservation; 
Ecotourism; Forest 

Regeneration 
0% 21% 32% 

Other 10% 0% 6% 

Unknown 8% 0% 37% 

 

 

 

 

 

Table 28. Primary Occupations in Mindo (n=24). 

Occupation Past Job Present 
Job 

(2003) 

Future 
Job 

Farmer/Rancher 35% 22% 27% 

Conservation/ Ecotourism/Tourism 

9% 35% 40% 

Retired/No Work 9% 8% 5% 

Other 48% 33% 29% 
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Appendix B: Figures 
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Figure 1. Map of Ecuador: Major Regions and National Parks. 
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Figure. 2. Major Watersheds of Ecuador: The Esmeraldas Watershed. 
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Figure 3. The Southern Portion of the Chocó-Andean Conservation Corridor.  The brown 
background on the left shows the overall region of the Southern Phase of the 

Chocó-Andean Conservation Corridor and the yellow box highlights the 
Pilot Phase of the Corridor that extends from Mindo-Nambillo Protected 

Forest to Maquipucuna Ecological Reserve (MER). 

 



 90 

 

Figure 4. Landsat Image of Northwestern Ecuador (1986). 
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Figure 5. Landsat Image of Northwestern Ecuador (2001). 
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Figure 6. Change Detection of the Chocó-Andean Conservation Corridor (1986-2001). 
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Figure. 7. A Case Study of Four Contiguous Sub-Watersheds. 
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Figure. 8. Change Detection of the Pichán Sub-Watershed (1986-2001). 
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Figure. 9. Change Detection of the Sanguanel Sub-Watershed (1986-2001). 
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Fig. 10. Change Detection of the Alambi Sub-Watershed (1986-2001). 
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Fig. 11. Change Detection of the Mindo Sub-Watershed (1986-2001). 
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Figure. 12. Land Cover Classification of 5 km Buffers Around Mindo, 

Pahuma/Tandayllapa Valley, Santa Marianitas, and Yungilla (2001). 
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Fig. 13. Land Cover Classification of Riparian Corridors (2001). 
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Fig. 14. Alternative Future Scenarios for the Southern Portion of the Chocó-Andean Conservation Corridor. 
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Figure 15. A View of Yungilla and the Surrounding Agricultural and Forested Landscape         

Mosaic. 
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Figure 16. Primary Land Uses in Yungilla Based on Interview Data (n=8). 

 

 

 

Figure 17. Primary Occupations in Yungilla Based on Interview Data (n=8). 
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Figure 18.  A Proud Organic Farmer Shows off the Fruits of his Labor in his Greenhouse. 
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Figure 19. A Dairy Cow in Yungilla and Cattle Under a Tree in the Pasture. 
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Figure. 20.  The Town Square/Soccer Field of Santa Marianitas near the Entrance of 

Maquipucuna Ecological Reserve. 
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Figure 21.  Primary Land Uses in Santa Marianitas Based on Interview Data (n=9). 

 

Figure 22. Primary Occupations in Santa Marianitas Based on Interview Data (n=9). 
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Figure. 23. This Resident of Santa Marianitas Works as a Guide in the Maquipucuna 

Ecological Reserve. 
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Figure. 24. An Artisan in Santa Marianitas Women’s Cooperative Makes Jewelry out of 

Seeds. 
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Figure. 25. Field of Sugarcane in Palmito Pamba. 
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Figure 26. Primary Land Uses in Nanegal and Palmito Pamba Based on Interview Data 

(n=6). 

 

Figure 27. Primary Occupations in Nanegal and Palmito Pamba Based on Interview Data 

(n=6). 
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Figure 28. The Landowner of El Pahuma Orchid Reserve Shows his Land Use Plan to 

Field Researcher (Jessica Gordon). 
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Figure 29.  The Colorful Town of Tandayllapa Valley, Situated in the Cloud Forest. 
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Figure 30.  Primary Land Uses in Pahuma and Tandayllapa Valley Based on Interview 

Data (n=5). 

Figure 31.  Primary Occupations in Pahuma and Tandayllapa Valley Based on Interview 

Data (n=3). 
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Figure 32.  The Town of Mindo and the Surrounding Cloud Forest. 
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Figure 33.  Primary Land Uses in Mindo based on interview data (n=24). 

 

 

 

 

Figure 34. Primary Occupations in Mindo (n=24). 
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Appendix C: Interview Questions (in Spanish) 
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La Entravista 

 

1) Como se llama? 

2) Por cuanto tiempo vive aqui? 

3) De donde es Usted.? 

4) Que es su trabajo? 

- por cuanto tiempo? 

5) Que fue su trabajo antes este trabajo? 

6) Cual va a hacer su trabajo en 5-10 anos? 

7) Cuanto mucho terreno trabaja usted.? 

8) De quien es? 

9) Como usan el terreno? 

10) Que fue el uso de este terreno 15 anos pasados? 

11) Que piensa va a pasar con este terreno en 5-10 anos?   

- Y después? 

12) Que pasa con los bosques aquí? 

- Hay mas o menos bosques hoy que habia quince anos pasados? 

- Cuando fue el cambio? 

- Porque? 

13) Que son los usos principales del bosque aquí? 

 

14) Que piensa de los proyectos de conservación aquí en este area? 
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- Y como de los proyectos sobre el bosque? 

15) Como habia cambiado a este area la presencia de _______X_______? 

16) (De que manera) influye en su vida para vivir cera de _______X_______? 
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