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ABSTRACT 
 
Species extinction rates 100 to 1000 pre-human levels are threatening the planet’s 
biodiversity.  The Amazon rainforests are of particular importance to protecting species 
because of their extremely high levels of biodiversity.  Faced with losses from 
deforestation of 20% in the last 40 years and expecting to lose another 20% in the next 20 
years, governments and conservationist organizations must begin planning in order to 
mitigate species extinctions and the destruction of ecosystems.   
 
This master’s project creates a GIS-based planning tool for conservation practitioners that 
locates and prioritizes new protected areas in the Madre de Dios watershed in 
southeastern Peru.  The tool is based on distributions of bird and mammal species 
endemic to Peru and Bolivia, ecological systems, and development threats.  This study 
(1) locates centers of high endemic species richness (2) locates centers of high endemic 
species richness for threatened species falling in the IUCN Red List categories of 
Critically Endangered, Endangered, and Vulnerable (3) and models conservation values 
based on (1) and (2) to identify and locate centers of conservation value, This study also 
(4) identifies and locates ecological systems with less than 10% found in the Peruvian 
parks system (gap analysis), (5) models threat values, (6) models conservation priorities 
by overlaying the conservation values model (3) and the threats model (5) to produce a 
model that prioritizes areas for conservation planning.  Lastly, model (5) is overlain with 
the gap analysis (4), to locate areas that are of both high conservation value and contain 
underrepresented ecological systems.   
 
The results indicated that the eastern slope of the Andes, at elevations between 2000 and 
4000 meters hold the highest levels of both endemic species richness and 
underrepresented ecological systems.  These areas of high conservation value are well 
protected in Manu National Park but lack protection further east and to the south of 
Bahuaja-Sonene National Park.  The results indicate an urgent need to create new 
national parks in this area, prioritizing those watersheds that are under threat from 
development, high in endemic species richness, and contain under protected ecological 
systems.  However, the likelihood of new parks is low since colonists live in this area and 
new roads are being constructed.  The pro-development political climate also presents 
barriers.  Taking into account the challenges, the unmatched levels of biodiversity and 
accelerating development make this region one of the world’s top conservation priorities.     
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INTRODUCTION 

 Current extinction rates for species are estimated to be 100 to 1000 times their 

pre-human levels (Pimm et al. 1995).  The direct causes for these unnaturally high 

extinction rates are anthropogenic and include habitat loss and fragmentation, 

overexploitation of large or economically valuable animals (terrestrial predators, 

primates, parrots, marine fishes) and sensitive ecosystems (aquatic ecosystems, coral 

reefs, old-growth forests), introduction of invasive species,  pollution, and climate change 

(Soule & Terborgh 1999).  Ultimately, the extinction crisis can be traced to a 

bourgeoning human population (from 2.5 billion in the 1950’s to 6 billion in 2000), 

increased consumption of goods, and goods produced requiring more land and resources 

(McNeill 2000). 

Tropical forests are of considerable relevance to the extinction crisis because they 

contain nearly half of the world’s species and are rapidly being deforested at ever 

increasing rates (Myers 1988).  The Amazon has lost 20% of its forests in the past 40 

years and another 20% is predicted to be cut in the next 20 years (Wallace 2007).  

Mitigating the destruction has been the providence of conservation biologists who have 

determined that creating large protected areas offers the most promise in protecting 

tropical biodiversity (Kramer 1997).  Locating the parks to maximize the number of 

species protected is essential when most countries are reluctant to dedicate land for 

unproductive use and financial resources are limited.  Methods for identifying where 

these biologically rich centers are located are numerous and range from straightforward 

indices such as species richness, to much more sophisticated algorithms for selecting 

nature reserves (Prendergast et al. 1999). Data inadequacies often limit and determine 

which method is most appropriate for use (Prendergast et al. 1999).  Possingham and 

Wilson (2005), in their review of Orme et al’s (2005) research on modeling hotspots, 

which included the tropical Andes, suggest using multiple taxonomic groups, combining 

a species-based approach with a habitat based-approach, and development threats, to 

yield a much more robust and reliable model for setting conservation priorities.   
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Background 

 

Threat of Development 

Parts of the world once considered wild and pristine just half a century ago, are 

now under threat from the above mentioned forces.  The Madre de Dios watershed of 

southeastern Peru is one such frontier just coming into contact with global market forces 

that are now beginning to place its biological wealth under threat. Heretofore, the 

watershed owes its pristine state to its physical isolation and lack of infrastructure, two 

virtues that will only be able to protect its biodiversity for a short while longer.   

 

The Brazil-China Soy Factor 

In order to understand future deforestation in the Madre de Dios, the appropriate 

starting point is the trade of soy between Brazil and China, an economic force that is 

literally paving the way for the development of the Amazon.  China’s massive shift from 

agriculture to the production of goods has led to the largest urban migration in the history 

of the planet.  More than 140 million rural Chinese have already left their homes and 45 

million more are expected to join the urban workforce in the next five years (Hessler 

2007).  While China is losing cropland rapidly, Brazil is gaining it at a record rate.  Brazil 

is filling China’s food demand by producing increasing amounts of soybeans, the most 

heavily traded crop between the two countries.  China is now the world leader in soy 

imports, with a demand for 22 million tons in 2004 (Japan 2nd greatest at 5 million tons), 

and Brazil has replaced the US as top exporter, shipping 44 million tons of soybeans in 

2004 (US 33 million tons; Brown 2005). 

The increased demand for soy has encouraged Brazilian producers to expand their 

soy production into old-growth forests of both the southern Cerrado and to a lesser 

extent, the Amazon rainforests farther to the north.  Soy is strictly an export crop 

requiring a large investment in machinery, land preparation, and agricultural inputs; 

leaving it the business of the rich and powerful elite.  These wealthy agribusiness 

entrepreneurs have the clout to influence politicians to back up government-funded 

infrastructure projects, making soy much more damaging to the environment than any 

other industry because it is the only such one that gives the government justification for 
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the construction of massive infrastructure projects even when they economically don’t 

make sense or their benefit to soy is questionable (Fearnside 2001).  It is important to 

emphasize that the Cerrado is superior for soy production, and that the Amazon 

rainforests have yet to prove suitable for soy production.  The main industry in the 

Amazon is cattle ranching, and not soy farming (Brown 2005).   

The present transport system to get soy to Chinese markets is to truck it 1300 km 

to Amazon ports and ship it more than 1,500 km to the Atlantic Ocean (Illinois Soybean 

Association 2007).  Once the ships arrive to the coast, they must either go through the 

Panama Canal or around the Cape of Good Hope, either way; the distance is around 

20,000 to 22,500 km (Brown 2005).  The cost of shipping it this far is high and thus a 

shorter route, one to the Pacific, is desired.   

In 2000, the Brazilian government launched a program known as Avança Brasil 

(Advance Brazil) which will open up the Amazon frontier to industrial, agricultural, 

logging, and mining activities in order to accelerate the Brazilian economy.  Over $40 

billion dollars will be spent between the years of 2000-2007 to build new highways, 

railroads, gas lines, hydroelectric projects, power lines, and river channelization projects.  

Many of these projects would not have been built if not for the powerful influence of soy 

producers (Fearnside 2001).      

Acre, the Brazilian department closest to the Madre de Dios watershed, recently 

finished its major paved highway, BR-317, that was promised to them as part of the 

Avança Brasil program.  The highway connects the border town of Assis Brasil to the 

capitol of Acre, Rio Branco.  Brazil has also completed an ultra-modern bridge over the 

Acre River, which forms the border between Peru and Brazil, and has built a large new 

customs house for the long-haul trucking traffic it expects in the near future (Collier 

2006).   

Just a decade ago the region was a frontier, but the construction of the road has 

made the transportation of goods, mainly cattle and timber, profitable and a wave of 

landless immigrants from poorer parts of Brazil have followed the road in to settle the 

region (Wallace 2007).  Currently, the department produces 2.3 million head of cattle, as 

well as large corn and rice farms, and is expecting to begin cultivation of soy soon, 
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following in the steps of the neighboring southern states of Rondônia and Mato Grosso 

(Collier 2006).      

  Thus, Brazil’s soy trade with China, has allowed for the most remote and wild 

corner of the world to develop.  Soy’s spillover development can best be seen in the 

satellite image below (Figure 1;Madre de Dios department is to the lower left, the yellow 

line is the national border).  As we will see, the soy spillover effect will likely continue to 

flow on to neighboring countries and departments.  As we have learned, the soy trade is 

one of the greatest economic forces on the planet, and mitigating its destruction to nature 

should begin in haste. 

 

 
Figure 1.  Google Earth satellite image showing land use in Acre, Brazil.  Notice how the 
“fishbone” development hugs the Bolivian (Department of Pando) and Peruvian borders.   
 

The Interoceanic Highway-Connecting Markets from the Amazon to the Pacific 

The soy boom in Brazil is literally paving the way for development of Peru’s 

Madre de Dios department.  In 2006, the Peruvian government began construction on the 

Interoceanic highway, an efficient paved road that effectively connects Brazil’s BR-317 

at Assis Brasil of Acre and the Peruvian border town of Iñapari to the Pacific ports of Ilo 

and Matarani.  The highway cuts through virgin forest  from Iñapari to Puerto Maldonado 

Peru 

Bolivia 

Brazil 
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then continues through lowland rainforest before climbing up the steep Andes mountains 

and leaving the Madre de Dios watershed.  The road is also the last section of paved 

highway needed to be completed to connect the Atlantic to the Pacific.   

The road is expected to be finished in 2009 at a cost of $900 million.  Brazil is 

expecting to gain heavily with the construction of the new road.  Their loan of $400 

million by the Brazilian National Development Bank is a clear indicator of their intended 

support for the road (Collier 2006).   

With the completion of the highway, Madre de Dios is expected to become a giant 

supply zone of lumber, beef, soy, citrus, minerals and other products to emerging markets 

in China, and other Far Eastern nations (Collier 2006).  The road is also expected to bring 

a wave of migration of poor indigenous people from the highlands.  Furthermore, the 

already fast-expanding cultivation of coca is expected to accelerate with the completion 

of the road.  The road will also serve to bring Peruvian goods to Brazilian markets and 

Brazilian goods to Peruvian markets.  Former Peruvian president Alejandro Toledo 

claims that the increased trade with Brazil will increase domestic GDP by 1.5 percent 

(Collier 2006).   

 

Existing Human Development in Madre de Dios 

 Deforestation in Madre de Dios watershed was miniscule until the mid-1960’s, at 

which time a road was constructed to connect Puerto Maldonado to the Andean highlands 

(Naughton-Treves 2004).  The road was built as part of a national program that sought to 

move people from areas of high density to remote areas, so as to relieve social pressure 

from the land-poor highlands (Dourojeanni 2001). More roads were constructed in the 

department after Brazil and Peru agreed to construct the 5,739 km Interoceanic Highway 

passing from Acre through the department of Madre de Dios (CTAR 1998).  Later, more 

development occurred due to the macroeconomic populist policies of president Alan 

Garcia (1985-90), causing the amount of agricultural credit flowing into the Peruvian 

Amazon to triple from mean levels for the previous 10 years (Coomes 1996).  Garcia’s 

regime also promoted farmers’ cooperatives and offered guaranteed markets for crops 

(Alvarez and Naughton-Treves 2003, Coomes 1996).  In response to these opportunities 

and to escape political violence in the highlands immigrants came by the thousands 
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(Chicchon 2000).   Development was further promoted by the government offering 

settlers 40 ha landholdings along roads and rivers.  Furthermore, with the assistance of 

government credit, they employed crews to open up forest clearings to make land for 

crops (Alvarez 2001).  After two to three planting seasons, fields were often abandoned 

for livestock production (0.5-0.8 head ha-1), a more secure investment given the 

hyperinflation of Peru’s economy at the time (Coomes 1996).  From 1985 to 1990, rice 

production in Madre de Dios increased 30%, maize 72%, and cattle 29% (Naughton-

Treves 2003, Ascorra et al. 1999). 

 In the early 1990’s, Peru fell into an economic crisis with extreme hyperinflation.  

Alberto Fujimori, in response to the crisis, dramatically changed agrarian and economic 

policies; imposing a radical austerity program based on structural adjustment removing 

credit and subsidies, and imposing tax (Alvarez and Naughton-Treves 2003).  In Madre 

de Dios, the result was decreased agricultural production and forest extraction (Varcarcel 

1993).  Within the first four years of Fujimori’s regime, rice production and Maize had 

declined by 64% and 26%, respectively (Ascorra et al. 1999). 

 Despite the past growth the Madre de Dios region remains a frontier, with 

development being concentrated in a few large towns, and many small towns along the 

highway and on the larger to medium sized rivers.  Puerto Maldonado is the only major 

urban center in the watershed with a population of 14,601.  There are just six towns with 

populations between 1500 and 2500, 26 towns between 1500 and 500, 203 between 100 

and 500, and 714 towns under 100.  Towns are generally located on the Interoceanic 

highway and the larger rivers closer to major towns.  The total population in the 

watershed is 107,846 people.  The mean town size is 113 people, the median is 29, and 

the standard deviation is 517.   

 Industries threatening biodiversity include legal and illegal logging, gold panning, 

slash and burn agriculture, agribusiness, cattle ranching, petroleum extraction, and  

mining (Figure 2). 
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Figure 2. Development threats map. Current development and land uses threatening 
biodiversity in Madre de Dios.  
 

The Global Significance of Madre de Dios – Biodiversity Epicenter of the World 

The Madre de Dios watershed is of international importance because it contains 

some of the highest levels of biodiversity known on the planet and remains in an 

undeveloped and pristine state (Terborgh 1999).  Furthermore, the watershed contains the 

tropical Andes hotspot, which is one of 25 regions in the world defined by containing at 

least 15,000 species of endemic vascular plants and having lost at least 70% of its 

original habitat.  In terms of endemics, the tropical Andes contains more species than any 

other hotspot in the world, especially in endemic plants (20,000 and 6.7% of global total), 

and endemic vertebrates (1,567 and 5.7% of global total) making it the hottest of hotspots 

(Myers et al. 2000).   

 Residing within its borders and containing all representative vegetation types of 

the watershed, the much studied Manú National Park can be used to give an 

approximation of the staggering level of biodiversity found in the region.  The park’s 

boundary includes the entire watershed of the Manú river, beginning from the crest of the 

Andes at 4000 m to well into the floodplain.  Such a wide range of environmental 
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conditions give the park the distinction of containing more biodiversity than any other 

park in the world (Terborgh 1999).  The park has a continuously rising birdlist, with over 

1,000 species (compared to just 650 species in all of North America, north of Mexico; 

Terborgh et al. 1984).  The mammals found within the park number over 200 and include 

jaguars, pumas, ocelots, tapirs, capybaras, giant anteaters, spectacled bears, and over 13 

primate species (Pacheco et al. 1993).  The lowlands of the park contain 90 species of 

frogs and toads, a feat surpassed by only one location in Ecuador (Rodriguez and Cadle 

1990).  The species richness for trees has been found to range from 150 to 200 species 

per hectare (Foster 1990).  Additionally, in a month long collection trip for butterflies, 

over 1,300 species were identified at a single lowland site (Wilson and Sandoval 1997).  

And to the east of Manú, in the Tambopata National Reserve, biologists recorded 575 

species of birds and >2000 species of butterflies in a 5000 ha sample area (CDC 1995, 

Foster 1994).   

 

Conservation at Present 

Land legally set aside for conservation in the watershed comprises an area of 

49,265 km2 (52% of watershed, which has a total area of 95,094 km2).  The protected 

areas in the watershed include Manu National Park, Alto Purus Reserved Zone, Bahuaja-

Sonene National Park, Tambopata National Reserve, Los Amigos Conservation 

Concession, Amarakaeri Communal Reserve, and the Area for Indigenous People in 

Voluntary Isolation.  Deforested land accounts for just 0.17% of the land area of the 

department (Josse et al. 2007).   

The watershed contains 27 different ecological systems or vegetation types 

according to a continental wide classification system done by Nature Serve Andes-

Amazon project (Figure 3, 

http://www.natureserve.org/publications/lacEcologicalsystems.jsp, Josse et al. 2007). 
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Figure 3. Conservation status map. Protected areas and ecological systems in the Madre 
de Dios watershed.  Southern section ecological systems for the high elevation areas in 
the south have not been mapped.   
 

Future Conservation Priorities  

Tropical forests are of considerable relevance to the extinction crisis because they 

contain nearly half of the world’s species and are rapidly being deforested at ever 

increasing rates (Myers 1988).  The Amazon has lost 20% of its forests in the past 40 

years and another 20% is predicted to be cut in the next 20 years (Wallace 2007).  

Mitigating the destruction has been the providence of conservation biologists who have 

determined that creating large protected areas offers the most promise in protecting 

tropical biodiversity (Kramer 1997).  Locating the parks to maximize the number of 

species protected is essential when most countries are reluctant to dedicate land for 

unproductive use and financial resources are limited.  Methods for identifying where 

these biologically rich centers are located are numerous and range from straightforward 

indices such as species richness, to much more sophisticated algorithms for selecting 

nature reserves (Prendergast et al. 1999). Data inadequacies often limit and determine 

which method is most appropriate for use (Prendergast et al. 1999).  Possingham and 
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Wilson (2005), in their review of Orme et al’s (2005) research on modeling hotspots, 

which included the tropical Andes, suggest using multiple taxonomic groups, combining 

an endemic species-based approach with a habitat based-approach, along with 

development threats, to yield a much more robust and reliable model for setting 

conservation priorities.   

Concentrating future conservation efforts around protecting centers of high 

endemism is a sensible strategy for most of South America due to the very fact that high 

levels of endemism are present (440 endemic land bird constituting 25% of all resident 

land birds).  Because some endemics have small ranges (less than 50,000 km2) and their 

very specific habitat requirements means they are highly susceptible to extinction when 

their habit is destroyed, more so than species with large ranges and high numbers of 

individuals (Terborgh and Winter 1983).   

The eastern slope of the tropical Andes notably shows high levels of endemism, 

which may be varied topography with deep valleys that divide the Andean slopes.  In 

eastern Peru, in only eight valley systems, several as small as 5000 km2, over 65 endemic 

bird species were found (Parker et al 1982).  And for vertebrate species in five drainages, 

the rate of endemism appears to be around 30 percent (Parker 1987, Terborgh 1987).  

Further support for the establishment of protected areas sufficiently large to protect the 

habitat of endemic species should be a top priority for conservation efforts in Madre de 

Dios.   

 

Objectives 
 This master’s project creates a GIS-based planning tool for conservation 

practitioners that locates and prioritizes protected areas in the Madre de Dios watershed 

in southeastern Peru.  The tool is based on distributions of bird and mammal species 

endemic to Peru and Bolivia, ecological systems, and development threats.  This study 

(1) locates centers of high endemic species richness (2) locates centers of high endemic 

species richness for threatened species falling in the IUCN Red List categories of 

Critically Endangered, Endangered, and Vulnerable (3) and models conservation values 

based on (1) and (2) to identify and locate centers of conservation value, This study also 

(4) identifies and locates ecological systems with less than 10% found in the Peruvian 
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parks system (gap analysis), (5) models threat values, (6) models conservation priorities 

by overlaying the conservation values model (3) and the threats model (5) to produce a 

model that prioritizes areas for conservation planning.  Lastly, model (5) is overlain with 

the gap analysis (4), to locate areas that are of both high conservation value and contain 

underrepresented ecological systems.  I am hopeful that this tool will be used by the 

Peruvian government and conservation NGOs in the planning for new protected areas. 
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METHODS 

 

Study Area 
 The Madre de Dios watershed was selected as the study area.  The mouth of the 

watershed was chosen to be the point at which the Madre de Dios crosses from Peru into 

Bolivia, this point represents the largest watershed obtainable without sacrificing 

completeness, as other rivers in Peru are in fact part of the Madre de Dios watershed 

though parts of their watershed lie outside of Peruvian territory.  The Madre de Dios 

watershed is geographically situated where the lowland floodplains of the western 

Amazon basin meet the rising eastern slope of the Andes.  The elevation ranges from a 

low point of 170 m to the jagged glacier covered pinnacles of the Andes at 6200 m; the 

variability in topography support a diverse array of ecosystems including tropical 

lowland rainforest, montane tropical rainforest, cloudforest, and paramo (high Andean 

grasslands).   

 

Data and Software 

Biological data layers were provided by NatureServe Andes-Amazon project.  

The endemic bird and mammal species richness data were available in rasters with a one 

km resolution (http://www.natureserve.org/aboutUs/latinamerica/andes_amazon.jsp, 

Young et al. 2007).  Data on ecological systems were available in shapefile format 

(http://www.natureserve.org/aboutUs/latinamerica/gis_data_downloads.jsp#ecological, 

(Josse et al. 2007).  Development data layers were available from Centro de Datos para la 

Conservación (CDC, http://cdc.lamolina.edu.pe/) and came in the form of shapefiles.   

All data layers were defined and projected in Lambert Azimithal Equal Area and GCS 

WGS 1984 geographic coordinate system and converted to raster grids (100 m resolution) 

for data analysis.  Software used included Arc 9.2, Microsoft Access, and Google Earth. 
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Conservation Value Model 
 

Endemic Bird and Mammal Species Richness  

 A GIS (geographic information systems) analysis was conducted to determine 

areas of high conservation importance by using range maps for bird and mammal species 

endemic to Bolivia and Peru.  Range maps were created using a statistical method known 

as Predictive Distribution Modeling (PDM) and were a product of NatureServe’s Andes-

Amazon project.  The models are made with point data from a species known occurrence.  

A description of the environment at that point was then gathered from layers containing 

such variables as climate, topography, and vegetation cover.  The observation data were 

reviewed by experts to remove unlikely locations and entered into the Maxent program. 

The resulting distribution maps were also reviewed by experts, a process which could 

involve clipping out unlikely areas for a particular species to reside. Due to inaccuracies 

of the locational information of the original observation points, the resulting maps have 

an approximate accuracy of about 10 km. A more complete description of the technique 

is available on NatureServe’s Andes-Amazon webpage 

(http://www.natureserve.org/aboutUs/latinamerica/andes_amazon.jsp, Young et al. 2007).  

Peru and Bolivia host 80 endemic bird and 54 endemic mammal species.  All range maps 

were opened up in a GIS and then added into two models; one for the endemic bird 

species, and a second for the endemic mammal species.  The Single Output Map Algebra 

tool was used to combine the maps, and produce a species richness map that summed the 

number of species predicted to occur in each 1-km pixel.   

 The second step was to create three more species richness maps for species falling 

within the top three most threatened categories in the World Conservation Union’s 

(IUCN) Red list: Critically Endangered, Endangered, and Vulnerable.   The Database 

Search on the IUCN Red List of Endangered Species webpage 

(http://www.iucnredlist.org/search/search-expert.php) was used to determine the Red List 

category to which the species belonged and those falling in the top three most threatened 

categories were selected.  The search was carried out by selecting the level of desired 

threat (Critically Endangered, Endangered, or Vulnerable), the countries Bolivia and 

Peru, and the taxonomic Class (Aves for birds and Mammalia for mammals).  The 
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program Access was then used to create a query that selected which of NatureServe’s 

endemic birds or mammals were in the top three IUCN categories (Table 1). These bird 

and mammal species richness maps were made using the Single Output Map Algebra tool 

to sum all endemic species of the critically endangered category and, likewise, for the 

endangered and vulnerable categories.   

 

Table 1. IUCN Red List Species of Peru.  List of critically endangered, endangered, and 
vulnerable endemic bird and mammal species that occur in NatureServe’s Andes-
Amazon Peruvian study area.  Note: Some species may not occur in the Madre de Dios 
watershed. 
 
  IUCN Redlist Category Species Common Name 
Bird Critically Endangered Cinclodes aricomae Royal Cinclodes 
    Ara glaucogularis Blue-throated Macaw 
        
  Endangered  Loddigesia mirabilis Marvelous Spatuletail 
    Terenura sharpei Yellow-rumped Antwren 
    Atlapetes melanopsis Black-spectacled Brush-Finch 
    Anairetes alpinus Ash-breasted Tit-Tyrant 
    Cranioleuca henricae Bolivian Spinetail 
    Xenoglaux loweryi Long-whiskered Owlet 
        
  Vulnerable Cacicus koepckeae Selva Cacique 
    Lipaugus uropygialis Scimitar-winged Piha 
    Capito wallacei Scarlet-banded Barbet 
    Myrmotherula grisea Ashy Antwren 
    Simoxenops striatus Bolivian Recurvebill 
    Doliornis sclateri Bay-vented Cotinga 
        
Mammal Critically Endangered Oreonax flavicauda Yellow-tailed Woolly Monkey 
    Marmosa andersoni Anderson's Mouse Opossum 
    Gracilinanus aceramarcae Acermarca Gracile Mouse Opossum 
        
  Endangered Neusticomys peruviensis Peruvian Fish-eating Rat 
    Mormopterus phrudus Incan Little Mastiff Bat 
        
  Vulnerable Callicebus oenanthe Andean Titi Monkey 
    Oxymycterus hiska Small Hocicudo 
    Aotus miconax Andean Night Monkey 
    Sturnira nana Lesser Yellow-shouldered Bat 
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 The third step was to make a weighted IUCN endemic species richness map.  This 

was accomplished by assigning user-defined weights to all species, giving larger weights 

to Redlisted species (Table  ?) and then summing these together using Arc-Info’s 

Weighted Sums tool.   

 

 
 

Table 2.  Weights assigned to IUCN Red List categories.   
IUCN Red List Category Weight 

critically endangered 100 
endangered 50 
vulnerable 20 
not rated 1 

 
 

 
 
 The final step produced a species richness map that combined bird and mammals 

species with their respective IUCN weights (using ESRI’s  Single Output Map Algebra 

tool). The output yielded a map with values from 0 to 395.  The results were then 

reclassed based on the natural breaks (Jenks) classification method and five classes were 

chosen to represent high, mid-high, mid, mid-low, and low threat.  I chose Jenk’s method 

because the data were not normally distributed.  Jenks chooses classes based on natual 

groupings inherent in the data, or where there are relatively big jumps in the data.    

The products yielded thus were (1) bird and mammal species richness maps, (2) 

IUCN ranked Critically Endangered, Endangered, and Vulnerable endemic bird and 

mammal species richness maps, (3) weighted IUCN categories for all bird and mammal 

species and, and (4) a combined IUCN weighted map including all bird and mammal 

species together .  

 

Ecological Systems Gap Analysis 
 A gap analysis was modeled to determine which ecological systems are 

underrepresented in Peru.  The NatureServe Ecological Systems of Peru and Bolivia data 

(Josse et al. 2007) were downloaded from the NatureServe site 

(http://www.natureserve.org/aboutUs/latinamerica/gis_data_downloads.jsp#ecological)  
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The ESRI Clip tool was used to extract only the Peruvian side of the data.  The shapefile 

was then converted into a raster.    

The area of protected land for each ecological system was calculated by using the 

protected areas of Peru shapefile (Citation- SINAPE) as a mask to select only ecological 

systems under protection.  The tabulate area tool was used to find the areas for each 

ecological system found within and outside the Peruvian protected areas system.  

The percentage of the ecological systems under protection was calculated.  The 

area of protected land was divided by the total area for that particular ecological system.  

Ecological systems with areas under 10% representation in protected areas were 

considered of “High Conservation Priority.”   This analysis indicates which ecological 

systems are underrepresented in Peru’s protected area system and could help direct future 

conservation efforts to prioritizing the protection of those systems.   

 

 

 

Threats Model 
A GIS model was built to analyze human land uses considered threats to 

biodiversity.  These threats included towns, the Interoceanic highway, roads, rivers, 

mining concessions, oil concessions, timber concessions, and existing deforestation.   

hjlGIS layers were obtained for each of these threats and threat values were assigned to 

each layer.  In general, I have erred on the side of caution and assumed a worse case 

scenario based on the fragility of tropical forest ecosystems and the rapid development 

that has already occurred nearby after a major highway was built in Santa Cruz, Bolivia 

(see Figure ?) and Rondonia, Brazil.  
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a.) 

 
b.) 

 

Figure 4.  Santa Cruz, Bolivia. a.) Satellite image of lowland rainforest in the department 
of Santa Cruz, Bolivia taken in June of 1975. b) Lower image was taken of the same area 
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in 2003.  After a road built in 1986 mass migration to the region pursued.  With highly 
fertile soils, agriculture flourished and by 2003 almost the entire region had been 
converted to agriculture; with soy being a major export crop 
(http://na.unep.net/digital_atlas2/webatlas.php?id=31, UNEP 2007). 
 

Table 2. Threat model values and buffers. 

Threat Buffer (km) Threat Value 
anthropogenic land use 0 10 
towns (<1000) 3 9 
towns (1000-4000) 20 9 
towns (>4000) 30 9 
interoceanic highway 20 10 
Roads 0.5 9 
primary rivers (high-threat buffer) 1 9 
primary rivers (low-threat buffer) 10 3 
secondary rivers (high-threat buffer) 0.5 9 
secondary rivers (low-threat buffer) 2 2 
forest concessions 0 9 
mineral concessions 0 9 
petroleum concessions 0 9 

 
Towns 

Spatial information on towns and settlements also included population information. Only 

towns with a population greater than 100 people were extracted from the data set.  The 

town data were available only in points with the population attached.  In order to estimate 

projected future land use, different buffer distances were defined around each town.  As a 

guide to determine the width of the buffers, the towns were split into three size classes 

(after examining the total size distribution), and a sample of these were located on 

Google Earth to measure the radius of influence from town center to wilderness using the 

measurement tool.  To account for almost certain rapid development around existing 

towns, the areas for the towns were given larger than measured buffers.  The size classes 

for towns and buffer radius’ can be found in Table 2.  ESRI’s Buffer tool was applied to 

each of the layers for the town size classes and a new shapefile was produced which was 

then converted to raster. The values were then reclassed using the threat values. Areas 

within the buffer were given a value of nine or high threat and areas outside the buffer 

were given a zero or no threat.   
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Table 3.  Buffer distances given to each town class size. 
 

Population  
Number of 

towns 
Buffer 

radius (km) 
<100 713 NA 
100-1000  223 3 
1000-4000  14 20 
>4000  1  30 

 
 
 
 

  Interoceanic Highway 

 Construction on the Interoceanic highway in the Madre de Dios has just begun.  

The Peruvian section of the road connects to the already paved and completed Brazilian 

section, BR-317, at the border.  The Interoceanic highway was downloaded into ArcMap 

and the model builder.   I used a jpg downloaded from the Peruvian department of 

transportion and communications and overlaid the road map.  I then used the jpg as a 

guide to select sections from the roads GIS layer, after selecting all sections that were 

part of the Interoceanic highway I exported the selected layers and saved it as a new 

layer.  I then used Google Earth and the measuring tool were to estimate the potential 

penetration of deforestation beyond its present levels along the Peruvian road section 

based on measurements along the Brazilian section.  The 20 km buffer was chosen based 

on this method.  A 20 km buffer was created, converted to raster, and was given a threat 

value of 10 or ‘very high’. Areas beyond the 20 km buffer were assigned a zero or no 

threat.   

 

Roads 

I determined buffer sizes around other existing roads with similar methods as 

above. Using a roads shapefile (CDC) I used Google Earth to estimate the predicted area 

of deforestation surrounding small roads.  Settlement on small roads was found to be 

sparse and therefore I selected a buffer width to indicate potentially high threat, of 0.5 

km, and low threat within a buffer of 10 km. The buffers were converted to raster and 
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reclassified with weights of nine for high threat within the 0.5 km buffer, and 2 for low 

threat within the 10 km buffer. Areas outside the two buffers were given a weight of zero 

or no threat.  

 

Rivers 

I downloaded in the GIS a river shapefile.  Primary and secondary rivers were 

then selected and made into separate shapefiles.  Primary rivers are large and navigable 

by motor powered canoes resulting in many settlements on the banks of the rivers, 

secondary rivers are smaller and may only be accessible during the wet season and so are 

not as heavily settled.  For these reasons, I chose to assign a primary buffer of 1 km and a 

secondary buffer of 10 km to the primary rivers using the Buffer tool.  It was then 

converted to a raster (100 m) with the Feature to Raster tool and assigned a value of high 

threat or 10 using the Reclassify tool .  The secondary rivers were given a primary buffer 

of 0.5 km and a high threat value of 10.  A second buffer with a distance of 2 km was 

made and a low threat value of two was assigned to it.   

 

Mining Concessions 

 A shapefile containing data on mining concessions in Peru was downloaded into 

ArcMap and loaded into the model builder.  The shapefile was converted into a raster 

using the Feature to Raster tool (100 m).  The new raster was then given threat values 

using the Reclass tool.  Mining concessions were given a value of ten or high threat and 

areas outside the concession were given a value of 0 or no threat.    

Environmental degradation as the result of mining concessions is dependent on 

the discovery of minerals within the concession.  The threat to biodiversity could be as 

extreme as the mine in Figure 5.  Or if no minerals are found, then the threat is zero.  The 

possibility of the extreme case justifies assigning a value of high threat (10) to the mining 

concessions.   
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Figure 5.  Satellite image of the Huepetue mine in Madre de Dios near meeting point of 

Cusco, Puno, and Madre de Dios departments (white line is 20 km long).   

 

Oil Concessions 

 Oil concessions were downloaded in shapefile format into ArcMap and loaded 

into the model builder.  The concessions were converted to a raster using the Feature to 

Raster tool (100*100 m).  The new raster layer was then given new values with the 

Reclass tool.  Concession areas received a nine or high threat value and areas outside 

concessions were given a zero or no threat value.   

 

Forestry Concessions 

The forestry concession data came in a shapefile format.  The shapefile was 

converted to a raster using the Feature to Raster tool (100 m).  The Reclass tool was then 

used to assign a value of nine or high threat to forestry concessions and a value of zero to 

areas outside the concessions.    
 

Existing Deforestation 

 NatureServe’s Ecological Systems map was used to classify areas of present 

deforestation.  The original map was downloaded in ArcMap as a shapefile.  The 
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shapefile was converted to a raster (100 m).  The Extract by Attributes tool created a new 

layer of only areas of anthropologic land use.  The Reclassify tool then assigned a 10 or 

high threat value to the anthropogenic land use and a 0 or low threat to all other areas.   
 

The Final Threats Model 

 The Final threat model used Single Output Map Algebra to sum all the maps 

mentioned above (towns, the Interoceanic highway, roads, rivers, mining concessions, oil 

concessions, timber concessions, and existing deforestation).  The output contained 

values ranging from 0 to 88.  The threat values were reclassed based on the natural breaks 

(Jenks) classification method and five classes were chosen to represent high, mid-high, 

mid, mid-low, and low threat. 

 

Prioritization Model 
 The Conservation Value Model and the Threats Analysis Model were combined 

so as to highlight areas where centers of high conservation value (i.e. endemism) were in 

conflict with current or projected anthropogenic land uses.  The first step in the analysis 

was to create a mask for the study area around the watershed but that did not include very 

developed anthropogenic areas.  Anthropogenic land uses within the watershed were 

excluded from the conflicts mode because of the unlikelihood of hosting significant 

levels of biodiversity..  The Extract by Mask tool was used to create the analysis mask, 

resulting in the Madre de Dios watershed having a value of one and areas outside of the 

watershed and anthropogenic land uses having NoData values.  

The second step was driven by the need to analyze where areas of conservation 

value come into conflict with anthropogenic land uses both outside of parks and within 

parks.  The protected areas in Peru were available as a shapefile and were converted to a 

raster using the Feature to Raster tool.  Next they were given new values using the 

Reclassify tool to give protected areas in Peru a value of one and all other areas a value of 

zero.  Next, the reclassed park raster was made into two layers using the Extract by 

Attributes tool to create one file with parks and another without parks.  The two files 

were reclassed so that the protected areas layer had PAs with a value of one and areas 
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outside of protected areas a value of NoData.  The no PAs layer gave the values for the 

areas outside of protected areas a one and PAs a value of NoData.   

 The third step was to create two analysis masks, one for protected areas and 

another for non protected areas in the Madre de Dios watershed (excluding anthropogenic 

land uses.  The Single Output Map Algebra tool was used to sum the masks created in 

steps one and steps two resulting in a raster layer with values of one and NoData.   

 The fourth step was to combine the threats map and the conservation value map.  

The analysis mask created in step three was used to select the desired raster cells from the 

threats map using the Select by Mask tool.  The final product was made using the 

Combine tool then was used and the masked threats map was combined with the 

conservation value map resulting in 25 different combinations (i.e. High Threat High 

Conservation Value).   

 
Overlay of Gap Analysis with High and Mid-High Conservation Value 
 The Gap Analysis map was used to further prioritize areas of high conservation 

value and high threat.  Ecological Systems underrepresented by the Peruvian protected 

areas system, as found in the gap analysis, were selected by using the Select by Attributes 

tool.  The areas of high conservation and high threat were extracted using the Select by 

Attributes tool and a new layer was created.  The Mask tool was used to select only those 

ecological systems found in Peru.  This layer was then overlain with the high and mid-

high conservation value maps to give a visual display of where the two overlap.   
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RESULTS 
 
Conservation Value Model 
 
Endemic Bird and Mammal Species Richness  

The use of endemic bird species to model conservation values revealed several 

trends.  The species richness map for endemic birds shows the highest values of richness 

(15-27 species) to be in the southern part of the Madre de Dios watershed (i.e. the 

headwaters; Figure 6).  This agrees with the literature (Myers et al. 2000) that the eastern 

slope of the Andes hosts the highest levels of both species richness and endemism.  

Vulnerable (IUCN) bird species (Figure 7) in Madre de Dios were found to be very few 

(one to three species); having their greatest concentration in the southeastern part of the 

watershed, just south of Bahuaja-Sonene National Park and in the eastern slope of the 

Andes.   The endangered endemic species richness map (Figure 8) revealed species 

density of just one to two species all found in the southern part of the watershed on the 

eastern slope of the Andes.  There was just one critically endangered species among all 

endemics, whose range overlapped slightly with the study area in the far southeastern 

corner of the park on the eastern slope of the Andes (Figure 9).  The result of combining 

these four maps and weighting them individually (Figure 10) indicates very high levels of 

species richness in the eastern slope of the Andes, essentially beginning at the interface 

between the lowlands and the foothills beginning at an elevation of 2000 meters.   
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Figure 6. Bird species richness map. Density of endemic birds found in Madre de Dios. 
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Figure 7. Vulnerable bird species richness map. Density of endemic birds classified as 
vulnerable by the IUCN Red List in Madre de Dios. 
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Figure 8. Endangered bird species richness map. Density of endemic birds classified as 
endangered by the IUCN Red List in Madre de Dios.  
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Figure 9. Critically endangered bird species richness map. Density of endemic birds 
classified as critically endangered by the IUCN Red List in Madre de Dios.  
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Figure 10. Bird IUCN and species richness weighted sum map. Red indicates areas of 
high conservation value based on either species richness or threatened species.  Green 
areas are of low conservation value because of low endemic species richness or not 
harboring threatened species. 
 

 The mammal species richness map (Figure 11) gives high levels of species 

richness (14-25) at mid-elevations on the eastern slope of the Andes.  Nearly all other 

places in the watershed, both the lowlands and the higher elevations of the eastern slope 

of the Andes, show species richness levels of just one to six.  The vulnerable species 

richness map (Figure 12) gives just one species for the entire watershed found in the 

southeastern section of the watershed and occupying the higher slopes of the Andes.  The 

Endangered Mammal map (Figure 13) reveals a species richness of just one found mainly 

in the well protected north west section of the watershed, with only several small patches 

in the eastern slope of the Andes.  The critically endangered species richness map (Figure 

14) resulted in a species richness of just one and concentrated heavily in the heavily 

protected lowlands of the north west section of the park, but, also extending all the way 

through the mid to upper elevations of the Andes all the way through the southern section 

of the watershed.  The weighted sum map (Figure 15) of the four above mentioned 

models gives suggests high conservation value in the lowlands of the north western 
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section of the watershed, a large portion of that residing in Manu National Park, Alto 

Purus Reserved Zone, Area for Indigenous People in Voluntary Isolation, and 

Amarakaeri Communal Reserve.  The model also suggests high conservation value in 

mid elevations (2000-4000 meters) on the eastern slope of the Andes. The eastern 

lowlands of the watershed and high Andes have low conservation values.   
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Figure 11. Mammal species richness map. Density of endemic mammals found in Madre 
de Dios. 
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Figure 12. Vulnerable mammal species richness map. Density of endemic mammals 
classified as vulnerable by the IUCN Red List in Madre de Dios.  
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Figure 13. Endangered mammal species richness map. Density of endemic mammals 
classified as endangered by the IUCN Red List in Madre de Dios.  
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Figure 14. Critically endangered mammal species richness map. Density of endemic 
mammals classified as vulnerable by the IUCN Red List in Madre de Dios.  
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Figure 15. Mammmal IUCN and species richness weighted sum map. Red indicates 
areas of high conservation value based on either species richness or threatened species.  
Green areas are of low conservation value because of low endemic species richness or not 
harboring threatened species. 



 35 

 The final conservation model is the sum of the IUCN weighted bird and mammal 

maps.  The model was then reclassed for low, mid-low, mid, mid-high, and high 

conservation values.  The highest conservation values are all found on the eastern slope 

of the Andes at mid elevations 2000-4000 m (Figure 16).  These areas are all outside of 

national parks, except for a section in Manu National Park.  Mid to mid-high values are 

found in the lowlands of the eastern section of the park in protected areas and on the 

eastern slope of the andes but outside of protected areas with an elevational range from 

2100-5100 meters.  This is due to the weight of the Endangered mammal species richness 

map, and the critically endangered species richness map.  Low conservation values are 

found in the western lowlands of the park and the high elevations of the Andes.  
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Figure 16. Final endemic conservation model (reclassified). Red indicates area of high 
conservation value, yellow mid conservation value, and green low conservation value. 
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Ecological Systems Gap Analysis 

The Gap Analysis on Ecological Systems (Figure 17, Table 4) revealed that most 

underrepresented ecological systems in Madre de Dios are in the eastern slope of the 

Andes, with a section protected by Manu National Park at elevations between 2000 to 

4000 meters and along the madre de dios river.    
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Figure 17.  Gap analysis map.  Ecological Systems not sufficiently represented in 
Peruvian National Park System (<10% area in conservation).   
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Table 4.  Ecological systems of Peruvian Amazon watershed. Tan and green highlights 
ecological systems with less than ten percent of land area conserved by a protected area.  
The Tan are ecological systems found in the Madre de Dios watershed and Green are 
ecological systems found in Peru outside of the watershed.   
 

Ecological System Percent 
Protected 

Total Area 
in Peru 
(km2) 

Total Area 
Conserved 

in 
Protected 

Areas 
(Km2) 

Bosque siempreverde subandino del oeste de la Amazonia 37.69 62203.21 23443.39 

Bosque y palmar basimontano pluvial de Yungas 35.61 32778.47 11673.68 

Areas Antropicas 2.31 59563.63 1374.54 

Complejo de vegetación sucesional riparia de aguas blancas de la Amazonia 8.74 3891.61 340.14 

Bosque altimontano pluvial de Yungas 19.50 6857.95 1337.61 

Pajonal arbustivo altoandino y altimontano pluviestacional de Yungas 3.21 5038.33 161.53 

Bosque montano pluviestacional humedo de Yungas 12.25 11355.46 1391.09 

Bosque y arbustal basimontano xerico de Yungas del norte 0.00 1378.85 0 

Bosque inundable de la llanura aluvial de rφos de aguas blancas del suroeste de 41.72 8730.29 3641.85 

Bosque siempreverde subandino del suroeste de la Amazonia 39.08 54624.52 21344.76 

Bosque altimontano pluviestacional de Yungas 9.22 6616.87 610.2 

Bosque montano pluvial de Yungas 26.51 13198.41 3499.24 

Bosque basimontano pluviestacional humedo de Yungas 9.77 8772.6 856.8 

Cuerpos de Agua 10.35 9616.29 995.56 

Bosque del piedemonte del suroeste de la Amazonia 54.22 14834.57 8043.74 

Complejo de bosques sucesionales inundables de aguas blancas de la Amazonia 14.62 8599.58 1257.25 

Pajonal arbustivo altoandino y altimontano pluvial de Yungas 9.94 2537.67 252.12 

Bosque y arbustal montano xerico interandino de Yungas 0.06 1805.28 1.05 

Bosque siempreverde estacional subandino del suroeste de la Amazonia 0.09 5984.76 5.35 

Bosque pantanoso de la llanura aluvial del oeste de la Amazonia 17.85 20013.86 3572.57 

Palmar pantanoso subandino de Yungas 41.35 476.33 196.96 

Bosque bajo de cresta pluviestacional de Yungas 0.00 170.58 0 

Bosque de Polylepis altimontano pluvial de Yungas 0.86 84.02 0.72 

Bosque pantanoso de palmas de la llanura aluvial del sur de la Amazonia 3.75 1008.55 37.85 

Vegetacion ribereta basimontana de Yungas 1.31 16.81 0.22 

Bosque con Bambu del suroeste de la Amazonia 39.67 71186.25 28237.87 

Arbustal y herbazal sobre mesetas subandinas orientales 76.68 198.2 151.98 

Bosque basimontano pluviestacional subhumedo de Yungas del  sur 1.37 1095.22 15.04 

Bosque de Polylepis altoandino pluvial de Yungas 0.00 5.93 0 

Bosque montano pluviestacional subhumedo de Yungas 1.83 1966.9 35.93 

Sabana arbolada montana y basimontana de Yungas 0.00 510.15 0 

Bosque de Polylepis altimontano pluviestacional de Yungas 1.65 70.82 1.17 

Matorral xerico interandino de Yungas 0.00 1523.51 0 

Bosque basimontano xerico de Yungas del sur 0.68 344.54 2.33 

Bosque siempreverde estacional de la penillanura del suroeste de la Amazonia 27.71 55081.2 15261.43 
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Herbazal pantanoso de la llanura aluvial de la alta Amazonia 19.31 9351.52 1805.67 

Bosque inundable y vegetacion riparia de aguas mixtas de la Amazonia 0.08 1852.52 1.4 

Bosque aluvial de aguas negras estancadas del sur de la Amazonia 57.35 347.93 199.54 

Bosque de arroyos de aguas claras del suroeste de la Amazonia 0.00 17.83 0 
Bosque inundable y vegetacion riparia de aguas negras del suroeste de la 
Amazonia 14.24 691.5 98.49 

Bosque de tierra firme depresionada del sur de la Amazonia 75.02 265.08 198.85 

Complejo de sabanas del sur de la Amazonia 100.00 88.33 88.33 

Bosque inundado por aguas blancas estancadas del suroeste de la Amazonia 100.00 5.76 5.76 

Vegetacion saxicola montana de Yungas 0.00 95.23 0 

Bosque del piedemonte del oeste de la Amazonia 12.98 13042.53 1693.54 

Bosque pluvial sobre mesetas de la Cordillera del Condor 84.23 503.15 423.8 

Bosque montano bajo pluvial de la Cordillera del Condor 42.06 2876.18 1209.85 

Bosque montano pluvial de la Cordillera del Condor 5.51 352.93 19.45 

Arbustal saxicola montano alto de la Cordillera del Condor 3.79 95.6 3.62 

Bosque altimontano siempreverde de los Andes del norte 33.39 412.86 137.84 

Pajonal altimontano y montano paramuno 6.41 259.44 16.62 

Bosque montano pluvial de los Andes del norte 23.24 502.99 116.91 

Bosque basimontano pluviestacional subhumedo de Yungas del norte 0.00 409.65 0 

Pajonal arbustivo altimontano paramuno 84.91 43.47 36.91 

Bosque siempreverde de la penillanura del oeste de la Amazonia 5.99 189108.71 11328.12 

Bosque inundable de la llanura aluvial de rios de aguas blancas del oeste de la 12.39 7512.53 931.16 

Complejo submontano seco de Yungas del norte 0.00 951.88 0 

Complejo submontano y montano seco de Yungas del norte 0.00 196.28 0 

Vegetacion esclerafila de arenas blancas del oeste de la Amazonia 45.90 512.77 235.38 

Bosque pantanoso de palmas de la llanura aluvial del oeste de la Amazonia 17.45 51797.61 9040.84 

Bosque inundable y vegetacion riparia de aguas negras del oeste de la Amazonia 22.41 22415.02 5022.25 

Bosque de serranias aisladas del oeste de la Amazonia 0.00 2951.56 0 

Bosque azonal semideciduo de colinas del oeste de la Amazonia 1.14 12765.87 145.53  

 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 



 39 

 
 
 
 
 
 
Threats Model 
 The combination of variables to estimate threats,  revealed that the highest 

potential threat occurs The output of the unclassified threats model (Figure ?) revealed 

potentially high threats along the Interoceanic highway, generally in the lowlands.  High 

threats are also found along the Madre de Dios river between the towns of Atalalla (a 

town located at the end of the only other road in the department that cuts through the 

Andes, North of Puerto Maldonado) and Puerto Maldonado.  Less severe threats can be 

found along roads in the Andes where colonists have settled.   

 

 
Figure 18. Threats map (unclassified). Red shows areas of high potential or current 
threat, yellow mid threat, and green low threat. 
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Figure 19. Threats map (reclassified). Red shows areas of high potential or current threat, 
yellow mid threat, and green low threat. 

 
 
Prioritization Model 
High Conservation Value 

 Areas of high conservation value are found along the eastern slope of the Andes at 

mid elevations.  These areas showed very little high (1.18 km2) and mid-high threat 

(28.21 km2).  Low to mid-low threat levels were more common with areas of 350.26 km2 

and 374.07 km2.  Mid level threats had an area of 115.29 km2.  The total area of high 

conservation value is 869.01 km2.   

 

Mid-High Conservation Value 

 The outcomes of the mid-high conservation value map are located mainly in the 

southern section of the watershed at mid elevations on the eastern slope of the Andes.  

The total area of high conservation value is 3160.68 km2.  The area of high threat was 

very low (0.77 km2) and the area of mid-high threat low as well (112.06 km2).  The mid 

threat gave an area of 463.63 km2, mid-low threat 1346.93 km2, and low threat 1237.29 

km2.   
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Mid Conservation Value 

 The mid conservation value prioritization model results are found mainly in the 

north central section of the watershed, and including many patches on the eastern slope of 

the Andes.  The total area of mid conservation value was 12025.5 km2.  High threat was 

found in the center of the watershed where the interoceanic highway leaves the lowland 

plains and the Andes begin.  The area of high threat is 242.10 km2.  The area of mid-high 

is 4469.68 km2 and is located in all sections of the mid conservation areas.  The mid level 

threat area was 692.39 km2 and is found in the center of the watershed just to the east of 

the high threat area.  Mid-low threat yielded an area of 1457.19 km2 and low threat 

5164.05 km2.  The areas being equally distributed in the mid conservation value areas.   

 

 

 
 

Figure 20. Areas of high conservation value with various degrees of threat. Red shows 
areas of high potential or current threat, yellow mid threat, and green low threat. 
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Figure 21. Mid-high conservation value with various degree of threat map. Red shows 
areas of high potential or current threat, yellow mid threat, and green low threat. 
 

 
Figure 22. Mid conservation value with various degrees of threat map. Red shows areas 

of high potential or current threat, yellow mid threat, and green low threat. 
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Overlay of Gap Analysis with High and Mid-High Conservation Value 

 The overlap of underrepresented ecological systems and high conservation value 

endemic species reveals many areas occupied by both indices.  The elevation is between 

2000 and 4000 meters for both on the eastern slope of the Andes.  High and mid-high 

conservation value areas occupy a much larger area, with the underrepresented ecological 

systems falling in the majority of that area (Figure 23).      

 
 

 
Figure 23. Overlap of high and mid-high conservation value areas with underrepresented 
ecological systems. High conservation values are outlined in black and mid-high in grey.  
The underrepresented ecological systems overlap nicely with the high priority 
conservation areas.  
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DISCUSSION AND CONCLUSSION 

The general suggestion that may be taken from the modeling in this project is that 

the eastern slope of the Andes should be preserved to protect both species and ecological 

systems of high conservation value. Manu National Park contains the entire gradient of 

the Andes from lowland Amazon rainforest to snow capped mountains.  Following 

Manu’s lead, I would suggest extending the southern border of Bahuaja-Sonene National 

Park to include the entire slope of the eastern Andes.  This would capture a large portion 

of the high and mid-high conservation value and underrepresented ecological systems in 

Madre de Dios.  Unfortunately, this is unlikely to occur because of heavy human 

occupation of the area.  Even if the colonist would voluntarily migrate from the region it 

is questionable whether the converted land would ever sufficiently recover from its 

degraded state to support the biodiversity it once harbored.  On the other hand, the 

degraded areas are still islands in a sea of pristine forest, and with due time the areas may 

eventually recover enough to host high levels of biodiversity, and certainly more than if 

left to anthropogenic land uses.  Other suggestions are to preserve smaller watersheds in 

the Andes at elevations between with valley floors at 2000 feet and extending the entire 

gradient, or, at least, until 4000 meters.  Some species require small areas to persist and a 

small well preserved watershed may be sufficient to protect narrow range endemic 

species for example..   

Of concern, is the reliance of many species in the eastern slope of the Andes on 

ecosystems that occupy a narrow elevational width but a very long length, being a 

product of the climatic conditions brought on by the elevation.  Many pristine sub-

watersheds with large elevation gradients still exist and prioritizing them for acquisition 

by conservation value and level of threat would be the next step in the planning process 

 Preserving watersheds is also a solid strategy because of defensibility (Peres and 

Terborgh 1995).  It requires less monetary resources to guard a protected area that is a 

watershed because a guard station effectively placed at the head of the stream and on the 

watershed’s divide require fewer stations because of less points of entry and greater 

viewing distance possible from the guard towers.  Protected Areas with borders on the 

road should be avoided since they provide numerous entry points for illegal extraction of 

forest resources.   
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Watersheds as the unit of protected area are also effective in the Andes because of 

threat of climate change.  The predicted effect of climate change in the Andes is 

increased temperatures (possibly by c. 3°C over next century) and decreased annual 

rainfall (by up to 20%; Bush 2002); resulting in a frost line and cloud base rising to 600 

m higher in this century.  The resulting decrease in humidity and greater drought stress, 

when combined, could greatly alter community compositions.  Bush states four possible 

responses by species on the Andean flank: (1) no range change; (2) migrate upslope into 

shrinking habitat types; (3) expand range by maintaining present range and extending 

upslope; and (4) expand range through additional down slope response to change in 

competition or predation.  The uncertainty of a species response to climate change leaves 

but one option for conservation planners; to increase the area of habitat available 

downslope and upslope (Bush 2002).  Acquisition of the entire altitudinal range to allow 

for migrations is necessary if extinctions are to be minimized. 

 The model presents a valuable tool to conservation planners, however, limitations 

exist. IUCN ratings could be out of date since they are updated every ten years or so.  

Buffer widths are also subjective and hard to predict.  And the model is summed data and 

so the accuracy may be compromised.  However, for a region deficient in data and 

undergoing rapid development, the model offers a logical conservation planning tool with 

concrete results supported by quantitative analysis.  The model is also very adaptable; 

allowing planners to change parameters, such as buffer widths or weights, and to run the 

model for more accurate results.  As data become outdated and new data become 

available, planners can easily replace or add the new data, run the model, and make 

decisions based on the most current model.     
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