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The tropical Andes have been a center of human development for over 10,000 years and are 
considered one of the world's 12 major centers of origin of plants cultivated for food, medicine, 
and industry (Saavedra and Freese 1986). The long presence of human cultures has caused 
variable impacts on the region's landscapes and biodiversity. Therefore, understanding the 
current responses of Andean ecosystems to climate change requires an examination of the 
processes responsible for these transformations. 
 In the wake of transformation and replacement of ancient cultures by western civilization, 
traditional land use systems have also changed, modifying soils, causing loss of plant and animal 
species, and removing much of the original land cover (Young 2008). Despite the long 
occupation of the tropical Andes by humans, most of the extensive alterations of natural habitats 
in the northern Andes have taken place since the beginning of the 20th century (Corrales 2001). 
Intensification of land and natural resource use continues today, resulting in further habitat loss, 
fragmentation, and degradation (Palminteri and Powell 2001). 
 In this chapter we present an overview of the transformation of Andean ecosystems 
through history and examine the relative importance of different land use change processes to 
ongoing ecosystem transformation, biodiversity and the possible interactions between these 
processes and regional climate change. 
 
 
Historic Land Use Change in the Tropical Andes 
 
When Europeans first arrived in the tropical Andes, they met different cultures along the 
mountains. Barié (2003) estimates that ca. 243 ethnic-linguistic groups occurred in the Andean 
region, several of them with influence over large distances. Before the arrival of the Spaniards, 
most of the Andes were ruled by two dominant nations: the Muisca culture in the northern Andes 
and the Inka empire, which extended from southern Colombia to northwestern Argentina 
(Lumbreras 1999, Mann 2005). Although the impact of the different cultures on their 
environments varied across the region, with the exception of snow peaks and natural barriers of 



142 

the highlands, practically every type of ecosystem had some kind of occupation in pre-
Columbian times (Fernández-Armesto 2002). Cultural activities were characterized by hunting, 
pottery, fishing, small-scale agriculture (quinua-Chonopodium quinoa, cañiwa-Ch. Pallidicaule, 
corn and potatoes-Solanum tuberosum), and  the domestication of camelids (llama-Lama glama 
and alpaca-Lama pacos) and guinea pigs (Cavia porcellus). 
 This heterogeneous spatial pattern of land use was drastically modified during the XVI 
century, soon after the arrival of the Europeans. After the severe reduction of the indigenous 
population during the first decades of occupation (Crosby 1986, Denevan 1992), the progressive 
concentration of land ownership (Aramayo et al. 2004) due to the new social structures 
introduced by the invaders facilitated the expansion of livestock grazing, large concentrations of 
human settlements in some areas, and the relocation of entire ethnic groups, often into areas 
hitherto sparsely occupied (Corrales 2001). 
 These processes continued during the colonial period and the first republican stages of 
the Andean countries, and intensified as the young nations initiated their integration into 
international markets with the export of natural resources and intensified agricultural production 
to satisfy the needs of a growing population. Intensive production of sugar cane, cocoa, tobacco, 
and coffee and extensive ranching were among the first large-scale modifiers of the original 
landscapes of the inter-Andean valleys and the surrounding slopes, mainly in Colombia and 
Ecuador (Corrales 2001). In Bolivia, the increase in mining, the introduction of livestock 
(bovine, equine, sheep, and goat) and new crops, combined with new pasturing practices, caused 
an imbalance in the Andean ecology (Aramayo et al. 2004).  
 Anthropogenic disturbance and loss of Polylepis forests, formerly dominant across a 
large part of the high (>3500 m) central Andes, are held responsible for the population decreases 
in more than one half of the plant species (Kessler 2006) and ca. 26% of the bird fauna of the 
more humid habitats (Fjeldså 2002) mainly through fires and overgrazing of habitats (Ellenberg 
1958; Kessler 2000, 2002). 
 During the first decades of the 20th century, the expansion of the agricultural frontier was 
responsible for significant transformation of some Andean landscapes. For instance, the 
colonization of large sectors of the Colombian Andes driven by the expansion of coffee 
cultivation caused the deforestation of vast landscapes between 1000 and 1500 m, and the 
introduction of exotic grasses favored the expansion of cattle ranching in many areas (Rivera et 
al. 2007). In Colombia alone, almost 500,000 ha of natural Andean ecosystems were transformed 
just between 1910 and 1925 (Corrales 2001).  
 
 
Landscape Transformation of the 20th Century  
 
The first developments of market driven agricultural systems in the Andean countries set the 
stage for the implementation of large scale transformations of entire landscapes during the 
second half of the 20th century. The implementation of the Green Revolution in the northern 
tropical Andes brought significant economic investments promoting the industrialization of 
agricultural sectors. As growing monocultures and extensive cattle ranching occupied the fertile 
inter-Andean valleys, smallholding subsistence farmers were displaced towards peripheral 
landscapes with the resulting replacement of the original mountain ecosystems (Rivera et al. 
2007). Cattle grazing on the steep slopes of the tropical Andes and the intensification of 
monocultures of barley, potato, onion, and garlic also have taken a heavy toll on cloud forests 
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and páramos of the northern Andes (Corrales 2001). In the southern tropical Andes, on the other 
hand, the 80’s agricultural reforms in Bolivia have changed land tenure (Morales 1991) 
expanding croplands and pastures, and causing major degradation (Aramayo et al. 2004). 
 Early in the 20th century, the Colombian Andes had the highest percentage of area under 
agricultural uses among the countries of the tropical Andes, mostly cattle ranching, potatoes 
(especially in the páramo zones), and coffee, bananas, sugar cane, and flowers in the inter-
Andean valleys. Although many of these uses have been in place for decades, there are regions 
with high land change dynamics such as the Andean-Amazon corridor (upper Putumayo and 
Caquetá watersheds and Macarena) and the southern Pacific piedmont, due to the deforestation 
initiated by coca production (Armenteras et al. 2006). 
 According to Arellano et al. (2000), the main causes of ongoing expansion of the 
agricultural frontier in Ecuador are demographic growth, social inequity, and the intensification 
of agriculture techniques. These same authors analyzed the relationship between poverty indices 
and deforested areas in Carchi Province (El Ángel basin, northern Ecuador) and found that the 
highest deforestation rates coincide with high poverty levels and population density. 
 In Peru, the primary Andean crops are potatoes, corn, wheat, and Andean cereals such as 
quinoa, maca, tarwi and kiwicha (Torres Lozada 2004). In the livestock sector, bovines, pigs and 
South American camelids (Alpaca, llama and vicuña) are characteristic of small productive units 
(less than 3 ha),. Studies carried out by Bussink and Hijmans (2000) and Frias (1995) in the 
Cajamarca province found that the area planted with tubers was decreasing and the area under 
pasture increasing. 
 In Bolivia, studies of land use changes in the Yungas and the Alto Beni region of La Paz 
show increases of 30% in agriculture lands and 20% in anthropogenic secondary vegetation 
during the period 1987-2001 (Killeen et al. 2005). The area planted with quinua increased until 
1990, while since then this trend slowed and there is even evidence of a slight decrease (Crespo 
Valdivia 2000). As this same author points out, after the first half of the 1980’s the amount of 
land planted with potatoes (the most important cash crop for Bolivian farmers) has also 
decreased in the Altiplano, while the production of cacao, coffee, cotton, and sugar has 
increased.  
 After the 1980’s agricultural expansion in some areas of the tropical Andes slowed down 
due to the increase in agricultural imports in all countries of the region (Corrales 2001, Hervé 
and Ayangma 2000, Sarmiento et al. 2002). However, the rate of transformation of natural 
ecosystems in some areas continued unabated, as the less favored sectors of the population 
sought income alternatives. The expansion of illicit crops, mainly opium poppy and coca, has 
occurred in vast sectors of the tropical Andes, affecting some of the most fragile ecosystems. 
According to the United Nations Office on Drugs and Crime (2008a), coca plantations increased 
by 16% in Colombia, Peru, and Bolivia in 2007. In Colombia alone the increase of these crops 
caused the deforestation of 170,000 ha between 2001-2007 (United Nations Office on Drugs and 
Crime 2008b).  
 On the other hand, mining could be one of the most severe threats now faced by Andean 
ecosystems, as it represents a growing productive activity with high importance for public 
finances and corresponding support by governments. Current mining exploitation rights in Peru, 
Ecuador, and Colombia cover ca. 14% of the total paramo area in these countries, but an 
additional 14% of these ecosystems is subject to illegal mining (Guerrero 2009) 
 All of these landuse changes have produced ecosystem losses and degradation throughout 
the tropical Andes (Table 9.1), with the heaviest toll below 1000 m elevation.The connectivity 
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between high-Andean ecosystems and the lowlands has been severely affected in many places, 
resulting in multiple threats to biodiversity and the loss of ecosystem services. An example of 
those effects is mentioned by Weigend et al. (2006) in their examination of the economic 
importance of ecosystem services provided by 23 relict forests in NW Peru. 
 
Table 9.1. Ecosystem conversion by altitudinal range in the tropical Andes. 
 

Elevational range % area transformed 
< 1000 34.0 

1000-2000 28.4 
2000-3000 23.8 

>3000 11.4 
Source: Vegetation map of South America. Eva, H.D et al. 2002 

 
 
 The IPCC’s Fourth Assessment Report points out that global CO2 emission from 
deforestation and agricultural development correspond to ca. 20% of the total anthropogenic 
emissions (IPCC 2007). In the Americas emissions from deforestation in Amazonia represent the 
most important percentage (Achard et al. 2004, DeFries 2002, Houghton 2003). A look at recent 
trends in the Andean countries reveals that Ecuador had the highest rate of deforestation during 
2000 – 2005 (1.7%), and Venezuela the largest area deforested from 1990 to 2005 (4,313,000 ha) 
(Table 9.2, FAO 2005). Since the statistics of the FAO do not discriminate between types of 
forests, it is difficult to calculate the impact of deforestation of Andean forests. In Colombia, the 
most recent estimates indicate a deforestation rate of 118,000 ha/year of which 56,000 ha are in 
the Andes (Instituto de Hidrología, Meteorología y Estudios Ambientales 2008). This shows the 
importance of preserving the current natural cover to prevent greenhouse gas (GHGs) emissions 
due to deforestation and degradation.  
 
Table 9.2. Changes in Forest Cover in Andean countries between 1990 and 2005. 
 

Area Annual Change 
1990 2000 2005 1990-2000 2000-2005  

1000 ha 1000 ha/year % 1000 
ha/year % 

Bolivia 62.795 60.091 58.740 -270 -0,4 -270 -0,5 
Colombia 61.439 60.963 60.728 -48 -0,1 -47 -0,1 
Ecuador 13.817 11.841 10.853 -198 -1,5 -198 -1,7 
Peru 70.156 69.213 68.742 -94 -0,1 -94 -0,1 
Venezuela 52.026 49.151 47.713 -288 -0,6 -288 -0,6 

Source: Evaluación de los Recursos Forestales Mundiales 2005: Tablas Mundiales 2005, Food and Agricultural 
Organization - FAO. 
 
 
 According to the northern and central Andes ecosystem map (Josse et al. 2009), 24% of 
the Andean region is anthropogenically altered land (agriculture, degraded vegetation), with 
Venezuela and Colombia being the countries with the highest percentage. Bolivia has the highest 
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proportion of highland vegetation, whereas forest cover for all countries is between 35 and 41% 
(Table 9.3). Bolivia, Ecuador, and Peru emit three times more CO2 through land use changes 
than by burning fossil fuels (Table 9.4) due to the demand for forest resources and the 
conversion of forest to agricultural and grazing lands (PNCC 2003). 
 
Table 9.3. Land Use Cover Distribution (%) in the Andean Region. 
 

Land cover classes 

Bolivia  Colombia  Venezuela  Ecuador  Peru  
Agriculture, degraded vegetation 3.26 59.05 50.98 43.23 12.60 
Forest cover 37.29 35.11 35.99 41.25 36.72 
Highland shrub, grass and bogs  51.10 4.38 16.66 35.35 6.38 
Other montane vegetation 4.12 1.16 3.83 6.10 5.13 
Glaciers 0.29 0.03 0.003 3.62 0 
Lakes and others water bodies 3.93 0.37 0.25 1.08 0.07 

Source: Adapted from Josse et al. (2009).  
 
 
Table 9.4. Emissions of greenhouse gases (GHG) in the tropical Andean countries 
 

Country Proportion of 
GHG in CO2

e of  
Annex 1 countries 

Proportion of GHG in 
CO2

e of all countries 
Proportion of 
CO2 emitted 
by fossil fuel 
combustion 

Proportion of 
CO2 emitted 

by silviculture 
and land use 

changes 
Boliviaa 0,39 0,22 21,11 77,10 
Colombiab 0,96 0,54 71,8 21,5 
Ecuadorc 0,50 0,28 28,8 69,5 
Perúd 0,63 0,36 21 66 
Venezuela e 1,14 0,65 76,8 14,9 
sum 3,62 2,05   

Source: First National Climate Change Communication. a PNCC 2003; data to 2000. b Instituto de Hidrología, 
Meteorología y Estudios Ambientales 2001; data to 1994. c Ministerio del Ambiente de Ecuador 2000; data to 1990, 
d CNCC 2001; data to 2000. e Ministerio del Ambiente y de los Recursos Naturales 2005; data to 1999. Annex 1 
countries refer to industrial countries as defined in the Kyoto protocol. 
 
 
 The production of biofuels has recently become a major driver of land use change in the 
Andean countries, and laws or programs that promote mixing bioethanol and biodiesel with 
commercial fuels are in place in Bolivia1, Colombia2, Ecuador3, and Perú4. Main energy crops 
currently promoted in the region include sugar cane, oil palm, and soy. However these crops 
require special characteristics of precipitation, temperature, soils, topography, elevation, and 
                                                             
1 Bolivia, Law 3207 (September 30, 2005). 
2 Colombia, Ministerio de Minas y Energía, Resolución No. 180687 de 2003; Ministerio de Ambiente, Vivienda y Desarrollo Territorial, 
Resolución No. 1289 de 2005. 
3 Ministerio de Agricultura, Ganadería, Acuacultura y Pesca, Ministerio del Ambiente, Ministerio de Electricidad y Energía Renovable y 
Ministerio de Minas y Petróleo de Ecuador (2007), “Biocombustibles”. Available at: 
www.comunidadandina.org/desarrollo/biocombustibles_ecuador.pdf. 
4 Ministerio de Energía y Minas de Perú (2007), “Situación Actual y Perspectivas de los Biocombustibles en el Perú”. Available at: 
www.comunidadandina.org/desarrollo/biocombustibles_peru.pdf. 
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hydrologic regime that the Andes can offer only in a few zones, especially in the inter-Andean 
valleys under 1500 m and on flat terrain adjacent to the lowlands. The use of corn, sugar beet, 
coffee waste, and wheat as energy crops has largely been neglected in Andean countries but may 
have potential in highland areas.  
 All of these land uses and drivers (cattle ranching, mining, agriculture, land tenure) have 
fragmented and isolated ecosystems in the Andean region, impacting biodiversity and its 
underlying processes. The positive relationship of species density and the size of forest patches 
has been demonstrated repeatedly (e.g., Kattan et al. 1994, Fernández and Sork 2007, Marsh and 
Pearman 2007). Andean forest fragmentation may hinder the natural or induced migration of 
species (Bustamante and Grez 1995) and may also affect microclimates (Didham and Lawton 
1999). 
 
 
The Future: Land Use, Climate Change and Biodiversity in the Tropical 
Andes 
 
Given the multiple dimensions of the contemporary environmental crisis at multiple scales 
(MEA 2005) and the pressing need to adapt to climate change, it is pertinent to examine some of 
the possible relationships between land use change, habitat loss and fragmentation, and 
biodiversity vulnerability to climate change. Ecosystem modeling using time series of climate 
variables can be a powerful tool to reveal expected responses of biodiversity to climate changes 
at the landscape or ecosystem level (Cuesta-Camacho et al. 2008). Spatial modeling can also 
show how available habitat for a given species can increase or decrease as a consequence of 
climate change (see Graham et al., Chapter 21, this volume), provided that ecosystem 
fragmentation does not prevent its movement across landscapes.  
 A recent study carried out for the eastern Cordillera Real of Colombia, Ecuador, and Peru 
revealed that climatic changes could impact the distribution of life zones and vegetation types: 
whereas different types of dry shrub and forest could increase by up to 23-72% by 2050, wet 
montane forests could decrease by up to 11 - 83% during the same period (Hernández et al. 
2010), which will surely increase fragmentation of those ecosystems occupying narrow 
elevational belts. 
 On a geologic time scale some species were capable of adjusting their distribution in 
response to natural climate change, literally running away from extinction (Jablonski 2001, 
2008). However, this may no longer be possibile for many species in the near future (Myers and 
Knoll 2001, Travis 2003). Current ecosystem fragmentation obstructs movement, and 
fragmentation could disrupt population connectivity within species leading to extirpations and 
possibly extinctions, thereby altering community composition (Root et al. 2003),. Habitat 
specialists, especially those of relatively poor colonizing ability, are least able to keep pace with 
climate change (Travis 2003), and if favorable climate were constrained to areas that are heavily 
disturbed by land use, this would act as a bottleneck for their long-term survival (Higgins 2007). 
 The resilience of biodiversity to support agricultural systems must be considered under 
climate change. Hydrology, soil formation, pollination, seed dispersal, and predator-prey 
relationships become altered by land conversion processes (Primack and Ros 2002, Van 
Noordwijk et al. 2004), and these changes alter ecosystem processes and their resilience to 
environmental change. This has profound consequences for services that humans derive from 
ecosystems (Chapin et al. 2000). Since these functions depend on future deforestation and 
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degradation, and on how much of the current remaining forests will be in place or even expand 
(Cramer et al. 2004), it is now more urgent than ever to control further transformation of the 
remaining natural ecosystems in the region and to prevent direct impacts on biodiversity and on 
the continued provision of ecosystem services. 
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