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ABSTRACT 
 
Many geographical classifications of the world’s continents can be found that depict their 
climate, landforms, soils, vegetation, and other ecological phenomena.  Using some or many 
of these mapped phenomena, classifications of natural regions, biomes, biotic provinces, 
biogeographical regions, life zones, or ecological regions have been developed by various 
researchers.  Some ecological frameworks do not appear to address “the whole ecosystem”, 
but instead are based on specific aspects of ecosystems or particular processes that affect 
ecosystems.  Many regional ecological frameworks rely primarily on climatic and “natural” 
vegetative input elements, with little acknowledgement of other biotic, abiotic, or human 
geographic patterns that comprise and influence ecosystems.  The USGS EROS Data Center 
and the U.S. EPA NHEERL-WED initiated this project to develop an ecological classification 
and ecoregion map for the Western Hemisphere (North and South America) that is consistent 
with recent EPA and North American ecoregion frameworks.  This report discusses some of 
the philosophical and methodological differences used in the development of ecosystem 
frameworks and how these differences can affect regional identification and boundary 
delineations.  An understanding of these differences is important for interpretations of the 
regions and for applications of the frameworks to resource and ecosystem management issues.   
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Introduction 
 
“Is there any reason to produce a new classification 
for a natural world that has already been classified 
and reclassified by numbers of ecologists and 
geographers?”  -- Raymond Dasmann, 1976 
 
The world is awash with spatial data and geographic 
frameworks that can help us interpret and understand 
the resource patterns and ecological systems we are a 
part of.  One challenge for ecological scientists and 
resource managers working across large areas of Earth 
is to collect, compile, interpret, synthesize, and display 
this abundance of disparate information to define 
meaningful areas or regions, in a hierarchical or scale-
dependent manner, where the aggregate of ecological 
characteristics are relatively homogeneous.  There is a 
proven need for a regional approach to address water 
quality problems, forest health concerns, biodiversity 
issues, and ecosystem management approaches in the 
aggregate.  Regional frameworks can be useful for the 
development of strategies to create more viable and 
sustainable human economies and communities that 
maintain sound, healthy, and desired ecological 
characteristics and functions.  They can help us 
understand ecological potential, historical states, 
current status, and attainable conditions.  
 
Classifying and delineating ecologically homogenous 
areas is often considered a fundamental first step for 
ecosystem management, but there are, and will always 
be, numerous approaches to such an endeavor.  
Although there are some similarities among 
synthesized classifications such as natural regions, 
biomes, biotic provinces, biogeographical regions, life 
zones, and ecological regions, those researchers 
involved in the details of defining or using these 
frameworks tend to emphasize and magnify the 
differences.  The differences in methods, materials, and 
philosophy do, however, lead to different results and 
regions.  We have found that many ecological 
classifications emphasize climatic and “natural” 
vegetation elements, with little acknowledgement of 
other biotic, abiotic, or human geographic patterns that 
comprise and influence ecosystems.  The different 
scientific approaches to ecological classification offer 

different insight and understanding.  In addition, 
cultural and national perceptions influence 
classification results.  
 
The aim of this paper is to review some of the 
ecological classifications of North and South America, 
highlight the differences in their objectives, 
approaches, and results, discuss some problems 
encountered in multi-national mapping efforts, and 
present a preliminary alternative classification for 
Central and South America.  Why make another 
ecoregion map of North or South America?  For the 
question posed above by Dasman, his own answer is to 
the point and forever applicable:  “Examination of 
existing systems of classification revealed 
inadequacies,” (Dasmann 1976). 
 
Defining Ecosystems and Ecoregions 
 
One’s perception of “ecosystems” or how ecological 
regions should be defined is shaped not only by the 
agencies, institutions, or programs a person is 
associated with, but also by cultural background, 
educational training, and life experiences.  
Geographers, biologists, botanists, ecologists, 
landscape architects, soil scientists, regional planners, 
foresters, agronomists, and conservationists of all kinds 
each brings his or her own biased view on what the 
term ecosystem means to them.  There is disagreement 
about whether ecosystems are abstract concepts or 
areas with geographical borders (Marin 1997, Rowe 
1997, Blew 1996, Rowe and Barnes 1994).  There is 
also the conceptual and philosophical issue of whether 
humans should be accepted as an integral part of 
ecosystems or are somehow a separate consideration.  
In general, definitions of the term “ecosystem” appear 
to have evolved from ones that centered just on the 
biota, to ones that comprised biotic and abiotic 
characteristics but in the absence of humans, to 
definitions that now more often consider humans as 
part of the biota.  
 
Ultimately, most environmental researchers and 
managers become interested in some type of spatial 
framework of areas or regions within which the mosaic 
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of all biotic and abiotic ecosystem components are 
different or exhibit certain patterns.  The overall 
objective of the U.S. federal interagency effort to reach 
consensus on a hierarchical framework of ecoregions 
of the United States is to facilitate integrated research, 
assesment, and management of environmental 
resources between state and federal agencies and 
programs that have responsibilities for different 
resources for the same geographical areas.  
International organizations are interested in such 
frameworks to ensure that representation is maintained 
at an appropriate biogeographic scale for regional 
conservation planning.  Although there will never be 
complete agreement among researchers and agencies 
about which is the most appropriate ecological 
framework, it is important to understand the 
differences in the purpose and development of these 
spatial classifications.  
 
A Selective Review of Western Hemisphere 
Ecological Frameworks 
 
In searching for “ecological” classifications of the 
Western Hemisphere, there are several that are small-
scale as part of global classifications, and a few that are 
larger-scale but cover only an individual country.  A 
review of these frameworks helps illustrate the 
differences and changes that have occurred in the 
concept and construction of ecological regions. 
 
As reviewed by Bailey (1996), most efforts to divide 
the world into ecological regions have been based 
primarily on the distribution of climate or climate-
vegetation zones.  As one would expect with related 
phenomena of climate and vegetation, there has also 
been circularity and interdependence in the 
development of these types of classifications:  
Köpppen used vegetation composition and distribution 
to help define his climatic units; Life zones, from 
Merriam to Holdridge, were defined on the basis of 
climate.  Pointing out the difficulties of defining 
climate and differentiating zones, Walter and Breckle 
(1985) noted that, “...the border of a climatic zone is 
regarded as being identical with that of a vegetational 
zone, giving the impression that climatic and 
vegetational maps are in remarkably close agreement.”  

They also note that, when proposing ecological 
subdivisions, it is a mistake to account for only one of 
the factors such as climate, soil, vegetation and fauna; 
but they contend that it is also impossible to consider 
all of those factors at the same time.  As with many 
ecological frameworks, they suggest a stepwise process 
of subdivision with prioty given to each factor at a 
different level.  Few attempts are made to consider all 
factors at the same time in developing ecological 
frameworks. 
 
Kendeigh (1954) reviewed the early development of 
floristic, faunistic, biotic and biome concepts of 
communities for North America.  He noted that one of 
the better efforts of regionalization in the 1800’s was 
the work of J.G. Cooper who mapped natural provinces 
and regions in 1859 for the Smithsonian Institute.  This 
work was more “bioecological” than many efforts that 
followed, and many of the names and boundaries that 
Dice (1943) would later use for biotic provinces were 
similar to Cooper’s. 
 
In the early part of this century, natural regions were 
mapped for the world by Herbertson (1905).  
Herbertson considered the distribution of a 
combination of characteristics in defining his natural 
regions, including human activities.  Joerg (1914) 
reviewed North America classifications and discussed 
methods to be used to establish natural regions.  He 
suggested that the primary elements or factors for 
regional delineation would change from one area to 
another and depend upon the subjective evaluation of 
their relative importance.  “For this reason, it is not a 
question of whether a subdivision is right or wrong, as 
Hettner points out, but only whether it is expedient or 
not,” (Joerg 1914, p.58). 
 
In North America, the life zones of Clinton Hart 
Merriam and the biomes of Victor Shelford were the 
prominent biogeographic classifications in the early 
American ecological literature.  The life-zone concept 
developed by Merriam (1898) was based on certain 
ideas about temperature and plant growth.  The life 
zone studies by the U.S. Department of Agriculture’s 
Division of Ornithology and Mammology (Merriam 
was chief of the Division) were prompted largely by 

 5



 

economic motives, that is, knowledge of life zone 
boundaries was thought to provide a key to agricultural 
possibilities (Daubenmire 1938).  Life zones are 
generally arranged in a regular sequence from the 
tropics to the poles or in elevation bands that ascend 
high mountains.  In North America, these life zones 
included the Tropical, Lower Austral, Upper Austral, 
Transition, Canadian, Hudsonian, and Arctic.  
Although some of Merriam’s proposed relationships of 
temperature and plant growth were incorrect 
(Kendeigh 1932, Shelford 1932, Daubenmire 1938), 
his application of the system to agricultural zones 
provided a useful framework in the United States.  
Biologists, geographers, and others found that such 
descriptive life-zone regionalizations of plant and 
animal associations had some value for classifying 
large areas.  Convinced of the correctness and finality 
of his system, Merriam (1895) confidently boasted:  

“It appears, therefore, that in its broader 
aspects the study of the geographic 
distribution of life in North America is 
completed.  The primary regions and their 
subdivisions have been defined and mapped, 
the problems involved in the control of 
distribution have been solved, and the laws 
themselves have been formulated.”   

Merriam’s life zones were accepted by some 
mammologists and ornithologists but not as much by 
other zoologists and botanists (Kendeigh 1954).  Many 
questioned the concept that distributional patterns 
conformed to latitudinal zones.  Criticism also centered 
on the fact that the transcontinental life zone 
boundaries were not defined biotically but were made 
to agree with isotherms.  Dice (1952) concluded that 
the life-zone method “does not seem to be suited for 
the classification of ecological communities.”  
 
The biome system of classification was developed in 
the early 1900’s to define major ecological divisions 
based on the physiognomy of its climaxes or “climax” 
vegetation, ie grassland biome, deciduous forest biome, 
tundra biome, coniferous forest biome, etc.  The 
development of the work in North America was based 
on Weaver and Clements (1929), and developed 
further by the botanist Clements and the zoologist 
Shelford (Clements and Shelford 1939).  The biomes 
were divided into associations based on climatic 

climax community (Clements and Shelford 1939).  The 
associations were divided into fasciations, and the 
fasciations into communities, although these lesser 
divisions were rarely mapped.  Most of this work was 
concentrated in North America and was not developed 
enough for other continents to be useful for an 
international conservation-oriented classification 
system (Dasmann (1976).  Global-scale biome maps 
are usually based on Köppen’s climate classification. 
 
Dice’s (1943) biotic provinces are continuous 
geographic units based on climate, physiography, soils, 
and major natural communities (Dice 1952, Whittaker 
1978).  Dice (1943) defined 29 biotic provinces that 
“were characterized by the occurrence of one or more 
important ecologic associations that differ, at least in 
proportional area covered, from the associations of 
adjacent provinces.”  This system emphasises centers 
of specific evolution, geographic relation, and 
taxonomic differentiation.  Biotic districts subdivided 
the biotic provinces, and life belts were vertical 
subdivisions of provinces, but a biotic province was 
never discontinuous.  This is one of the differences 
from biomes, which are discontinuous.  Dice (1952) 
suggested that biomes and biotic provinces should not 
be considered as mutually exclusive competing 
systems of ecological classification, but are 
supplementary to each other.  Pitelka (1943) criticized 
Dice’s work for “an excessive amount of arbitrariness” 
and a lack of discussion on the theoretical bases for the 
units that were delineated. 
 
A bioclimatic classification of life zones was devised 
by Holdridge (1947, 1987) and has been used in 
Central American, Andean, and other countries to map 
vegetal based regions (e.g., Holdridge and Budowski 
1956; Tosi 1958, 1960, 1969). The classification is 
based on a chart that differentiates life zones for the 
world according to latitudinal region, altitudinal belt, 
and humidity province (Holdridge et al. 1971).  The 
life zone boundaries on the diagram are precisely 
defined by mean annual precipitation and mean annual 
biotemperature.  Although defined by climatic 
elements such as precipitation, temperature, and 
potential evapotranspiration, the life zones use 
vegetation formation terms, and the mapped 
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boundaries were delineated mostly from field 
observations of remnant “natural” vegetation (Parsons 
1962).  Although the life zone maps and 
documentation provide many useful regions and 
discussions of the land relative to human uses, the 
system has been criticized as providing hypothetical 
reconstructions that do not represent current 
conditions, and for not taking into account the length 
of day, seasonal distribution of precipitation and 
temperature, soil differences, variations in runoff, 
sparse or misleading climate data, or the role of human 
disturbance (Parsons 1962; Bennett 1967, 1968).  
Some of these issues were subsequently addressed by 
Holdridge et al. (1971) in their attempt to further 
develop life zone mapping.  
 
The Holdridge approach has recently been used to map 
life zones of the conterminous U.S. (Lugo et al. 1998). 
While this work was an innovative use of recent 
precipitation models and other climate and digital 
elevation data, the end product remains essentially a 
map of climate-elevation units with attached vegetation 
formation names. The western U.S. has much 
complexity because of the elevational differences, and 
the eastern U.S. is quite simplified.  Some researchers 
favor this system because it supposedly depicts the 
climatic conditions that regulate ecosystem function, 
and there appears to be less room for subjectivity 
(Lugo et al. 1998).  The climatic emphasis, however, 
appears to be an ecological oversimplification that 
presents more problems than it solves. 
 
For defining useful geographical units for cataloging 
the distribution of species as well as for the 
conservation of ecological areas, Dasmann (1972, 
1973) suggested a hierarchical system of geographic 
areas that was intended to unite faunistic and floristic 
regional systems of classification.  This work for the 
IUCN Commission on Ecology aimed to extend the 
biotic province system of Dice in North America to the 
rest of the world (Dasmann 1976).  These 
biogeographic provinces (Udvardy 1976) are basically 
subdivisions of biomes based on animal and plant 
distributions.  As renamed by Udvardy (1975):  
biogeographical realms correspond to the kingdom of 
the florist and the region of the faunist; 

biogeographical provinces generally correspond to the 
regions of the florist and the faunal province of the 
faunist and the biotic province of Dice (1943).  Each 
province is characterized by the major biome or biome-
complex (e.g., tropical humid forests, temperate 
needle-leaf forests and woodlands, warm deserts and 
semideserts, temperate grasslands, etc.).  The reliance 
on vegetation for classification was indicated by 
Udvardy (1975, p.14): “Ideally biogeographic 
provinces ought to be delimited on faunal, floral and 
ecological bases.  Lack of source material and data 
caused, as already intimated, that more often than not 
ecological, i.e. vegetational knowledge, was the only 
source material available.” 
 
Dasmann (1976) asserted that the usefulness of the 
province concept extends beyond plant and animal 
species conservation:  

“They represent areas within which 
ecological conditions are relatively uniform, 
with certain natural potentials and 
limitations.  During human history societies 
and cultures developed within certain 
provinces and adapted to their potentials and 
limitations....Many serious land use blunders 
could have been avoided if people had not 
tried to transplant land-use practices 
developed within one biotic province to the 
differing ecological conditions of another.” 

 
Brown and others (Brown 1994; Brown et al. 1980, 
1985, 1998) have defined a hierarchical classification 
system for biotic communities in North America.  They 
emphasise the need for a universal standard for a 
system that addresses “evolutionary-based ecosystems” 
and a hierarchical classification system that is able to 
be expanded or modified.  Originally developed for the 
southwestern area of North America, the system 
considers the limiting effects of moisture and 
temperature minima as well as evolutionary origin on 
the structure and composition of plant and animal 
communities.  The hierarchy includes biogeographic 
realm, hydrologic regime/vegetation (upland, wetland, 
cultivated, or natural), formation type, climatic zone, 
biome or regional formation, series (community of 
generic dominants), association (community of specific 
dominants), and composition-structure phase.  This 
biotic system has an emphasis on vegetation and 
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climate with disproportionate attention given to 
arid/semi-arid and subtropical/tropical portions of the 
continent than to temperate and colder regions. 
 
Bailey’s (1989) ecoregions of the continents was 
intended to “supplement the Udvardy (1975) system of 
biogeographical provinces with a treatment of higher 
resolution.”  Influenced by Crowley’s (1967) 
classification system of domains, divisions, and 
provinces, Bailey used macro-features of the climate 
and vegetation, primarily Köppen’s climate system as 
modified by Trewartha (1968), as well as areas from a 
world map of natural landscape types (Gerasimov 
1964) to delineate the continental regions.  In his 
approach, Bailey analyzed those factors that appeared 
to control ecosystem size at varying scales in a 
hierarchy and used the significant changes in those 
controls as the boundary criteria (Bailey 1996, 1998).  
Climate was the prime controlling factor in his system.  
“At each successive level, a different aspect of the 
climate and vegetation is assigned prime importance in 
placing map boundaries,” (Bailey 1996, p.49).  
Bailey’s approach has been criticized by some 
academics because it, “...stems from a view of 
ecosystems in which biological components are 
secondary outcomes of linear developmental processes, 
controlled by the particular combination of abiotic 
factors and culminating in predictable, stable 
endpoints,” (Griffin 1997).  The concept of constraints 
rather than controlling factors is seen as a better 
method for addressing the complexities, feedbacks, and 
multiple outcomes of dynamic ecosystems. 
 
The Nature Conservancy (TNC Ecoregional Working 
Group 1997) and World Wildlife Fund (Ricketts et al. 
1997) have also developed frameworks of ecoregions.  
In each of these cases, the mapping process was guided 
by a specific organizational goal, but also relied 
heavily on a particular federal agency framework for 
the North American portion.  The TNC framework for 
the continental United States was based in part on 
Bailey’s and other USFS (ECOMAP) frameworks 
(Bailey et al. 1994), but was modified in several 
respects.  The goal of the TNC was to define large 
areas within which there are similarities in the structure 
and function of biological communities, with the size 

and number of the these regions being influenced by 
organizational capabilities (TNC Ecoregional Working 
Group 1997).   
 
For North America, the WWF adopted many of the 
regions and digital boundaries from the CEC (1997) 
framework that was developed from the US EPA 
(Omernik 1995), Gallant et al. (1995), and 
Environment Canada (Ecological Stratification 
Working Group 1995) ecological regions.  According 
to WWF, they “...chose these as foundations because 
their published maps approximate well documented 
patterns of biodiversity in North America,” (Ricketts et 
al. 1997).  The WWF combined some regions and 
sprinkled on a few other small areas of interest, such as 
scattered pieces of Florida Sand Pine Scrub, South 
Florida Rocklands, and Great Basin Montane Forests.  
Biological distinctiveness and conservation status were 
supposedly the two essential discriminating 
considerations in the determination of the World 
Wildlife Fund ecoregions (Ricketts et al. 1997).  A 
vegetational interest or bias is also apparent in their 
modification of regional names, e.g., Sierra Nevada 
becomes Sierra Nevada Forests, East Central Texas 
Plains becomes East Central Texas Forests, Flint Hills 
becomes Flint Hills Tall Grasslands, Copper Plateau 
becomes Copper Plateau Taiga, and so on. 
 
The WWF, with funding from the World Bank and 
contributions from an extensive list of individuals and 
institutions, developed a framework of Latin American 
and Caribbean ecoregions (Dinerstein 1995).  These 
ecoregions are often based heavily on vegetation, with 
some areas defined apparently by patching together 
vegetation coverages.  The result is some inconsistency 
in patterns and scale from one country or area to 
another. 
 
The TNC has also adopted the WWF ecoregions for 
Latin America.  When this framework is attached and 
compared with the TNC’s U.S. ecoregions based on 
Bailey’s work, the discrepancies also become apparent.  
The conceptual differences are also interesting in 
joining these frameworks.  In contrast to Bailey’s 
domains based on climate groups (polar, humid 
temperate, dry, humid tropical), the first level of the 
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WWF system in Latin America, major ecosystem 
types, reflects the vegetation interest (tropical 
broadleaf forests, conifer/temperate broadleaf forests, 
grasslands/savannas/shrublands, xeric, mangroves).   
 
Other Latin America Ecoregion Schemes 
 
In addition to the global and contintental ecoregion 
frameworks mentioned above, there are several other 
ecoregion frameworks, mostly national, that have been 
developed within Latin America. (References for this 
section are found in Appendix 2).  In Peru, for 
example, a comparison was made of the natural regions 
of Peru developed by Dr. Javier Pulgas Vidal, with the 
ecoregions of Peru (Penaherrera del Aguila 1989).  
Ecological regions that are directed more toward 
agricultural potential have been defined in Argentina 
(Fundación Agro Palermo 1983) and Brazil (Ministério 
da Agricultura e Reforma Agrária 1993).  Also in 
Argentina, biogeographic regions, domains, and 
provinces have been defined (http://www. 
surdelsur.com/flora/biogeogr/promap.htm), as well as 
the earlier phytogeographic regions based on the work 
of Angel Lulio Cabrera.  For the South American 
continent, Aziz Ab’Sáber (1977) delineated 
morphoclimatic and phytogeographic domains. 
 
Hierarchical Levels and Other Problems in 
Mapping Multi-Nation Ecoregion Frameworks 
 
In mapping continental or global frameworks with 
methods that depend on a variety of national source 
materials and collaboration with individuals from 
different countries, there are difficulties in achieving 
agreements on conceptual approaches and attaining a 
consistent product.  This is due not only to the wide 
variation in the quality and quantity of available 
information, but also by personal and national 
perceptions of the topic being mapped.  A researcher 
from a small Central American country, for example, 
who is used to viewing detailed divisions of his 
country in national frameworks, might have difficulty 
accepting that the entire country falls within one or 
maybe two general regions at a particular hierarchical 
level.  This discussion on hierarchical levels and detail 
of mapping may help illustrate some of these problems. 

 
There are conceptual and cartographic problems and 
dilemnas in delineating different hierarchical levels of 
ecological regions.  The different approaches to this 
problem result not only in differences in the 
appearance of the mapped boundaries, but also affect 
the existence and extent of the regions that are defined. 
 
Bailey’s (1989, 1994) generalized, smooth lines at the 
highest hierarchical levels affect regional and boundary 
placement at the lower levels.  It is mostly a top-down 
approach where divisions fit within the domains, and 
provinces within the divisions etc.  Because a different 
ecosystem component is used at each successive level, 
however, a relatively homogeneous region might be 
subdivided by a higher level domain or division line 
based on a climate zone boundary that is actually quite 
fuzzy. 
 
The World Wildlife Fund’s scheme for Latin America 
and the Caribbean appears conceptually top-down, but 
the cartographic portrayal and their regional or 
ecosystem definitions reflect a more bottom-up 
approach.  Major ecosystem types, major habitat types, 
bioregions, and ecoregions comprise the hierarchy 
from high to low.  The boundaries of the higher levels, 
such as bioregion and major habitat type, are from 
delineations of the lower level, the ecoregion.  In this 
bottom-up aspect, the bioregions consist of contiguous 
ecoregions, “designed to better address the 
biogeographic distnctiveness of ecoregions,” 
(Dinerstein et al 1995, p.123). The WWF states that the 
major habitat types are not geographically defined 
units, and are roughly equivalent to biomes (Ricketts et 
al 1997).  But these major habitat types, as well as 
biomes, are often portrayed and used as boundary-
delimited units or areas. 
 
The CEC (1997) map of North America was developed 
in a collaborative effort by teams of Canadian, U.S., 
and Mexican researchers.  As with many international 
mapping efforts, there were different approaches, 
methods, biases, and perceptions among the different 
members and teams that contributed to a product that is 
not entirely consistent across political borders.  While 
Canada and the U.S. had existing ecological 
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frameworks, and their methods were generally similar, 
there were still differences in the hierarchical levels 
that created problems for creating a North American 
product. 
 
Mexico did not have a similar ecological framework 
that could be easily modified to join with the U.S. and 
Canadian schemes.  A draft framework for Mexico at 
levels I, II, and III that was sketched out as “straw-
man” regions by a U.S. researcher was deemed 
unacceptable by the Mexican colleagues, especially for 
being too general and with insufficient regions to 
depict the ecological complexity of Mexico.  It was 
difficult to come to agreement on the level of detail to 
portray the regions at the coarsest level (level I) in the 
hierarchy.  The initial goal was to show the smallest 
number of regions possible, for very general 
continental assessment and reporting purposes -- a 
level that would show the broadest type of ecological 
regions on a page size map.  This handful of regions 
would each have considerable variability, but each 
would be generally similar in environmental issues, 
capacities, and potentials to allow reporting and 
extrapolation at the broadest of levels.  The initial level 
I draft contained nine ecological regions for North 
America, five of which occurred in Mexico.  The 
coarseness of the first approximation of level I for 
North America was unacceptable to the Mexican 
participants, probably because it had little meaning to 
them from their national perspective.  The Mexican 
team then began development of a new ecological 
regionalization for Mexico, using a biophysical 
approach that relied heavily on vegetation, climate, and 
physiography.  The Mexican team would accept no less 
than six regions for Mexico at level I, and the final 
map contained 15 regions for North America, seven of 
which occurred in Mexico.   
 
Decisions regarding the degree of detail of a particular 
hierarchical level of regionalization must recognize 
scale differences that transcend political boundaries 
and regions of personal familiarity.  Inconsistency in 
perceptions between countries at coarse levels of 
regionalization can have a cascading effect on the 
delineation of more detailed hierarchical levels.  The 
inconsistency in the approach between the Mexican 

and U.S. system is especially apparent at the level III.  
Mexico, for example, included coastal wetlands and 
mangrove systems at level III, while in the U.S. EPA’s 
system, these would be delineated at level IV or V.  
The WWF also recognizes mangroves at the very 
coarsest level (major ecosystem type), but these are 
difficult or impossible to depict cartographically at the 
small-scale pagesize maps typically used to portray 
regions at the broadest levels. 
 
Addressing “The Whole Ecosystem” 
 
Is an ecoregion map more than a climate or soils or 
vegetation or biotic regions map?  If there is general 
agreement that ecosystems are some type of three 
dimensional space composed of biotic and abiotic, 
terrestrial, aquatic and atmospheric features and all of 
their interactions, structure, and processes, then a 
process to define ecological regions should attempt to 
address and consider as many of these features as 
possible in a holistic, integrated manner.  As Box 
(1994) stressed, one of the key requisites to 
implementing ecosystem management is “...shifting 
from reductionistic and disciplinary work to synthesis 
and interdisciplinary analysis of systems.”  Approaches 
that purposely separate individual characteristics 
hierarchically by perceived importance, or that rely 
only on one or two mapped features seem to be counter 
to the nature of the item being defined, i.e., the 
ecological region.  As Denevan (1984) discussed for 
biotopes (areas with relatively uniform landform, 
climate, soil, and biota), “It is with such units of nature 
that individual humans interact, not with a 
polymorphous ‘tropical forest’. ” 
 
The Synthesizing Approach to Ecological 
Regionalization 
 
"...any attempt to divide the world involves subjective 
judgment, not merely in the determination of the limits 
of individual factors, but in deciding which of several 
factors is to be regarded as most important."      
R. Hartshorne, 1939. The Nature of Geography. p.296-
297. 
 
The approach used by the EPA (Omernik 1987, 1995) 
and Environment Canada (Wiken 1986, 1996) 
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recognizes that the quantity and quality of 
environmental resources that make up ecosystems, and 
the way they are interrelated, vary infinitely in space 
and time.  This is still compatible, however, with 
Bailey’s (1998) assertion that “...the distribution of 
ecoregions is not haphazard; they occur in predictable 
locations in different parts of the world and can be 
explained in terms of the processes producing them.”  
In order to determine the regions within which there is 
spatial coincidence in the geographic phenomena that 
cause or reflect regional differences in ecosystems, one 
must filter through the maps and other materials that 
represent the geographic nature of each characteristic 
(Omernik 1995).  The relative importance of each 
characteristic varies from one region to another at all 
scales.  A major strength of this approach lies in the 
scrutiny and analysis of multiple geographic 
phenomena that are thought to cause or reflect 
differences in the mosaics of ecosystems.  Maps of 
particular characteristics, such as physiography, 
geology, vegetation, and soils, are simply 
representations of aspects of those characteristics.  
Each map is different in the purpose, level of 
generality (even if at the same scale), relative accuracy, 
and classification used.  In the compilation of all maps, 
subjective determinations must be made concerning the 
classification to be used, the level of generality, and 
what can and cannot be represented, regardless of 
whether the map is computer generated or hand drawn.  
In this approach to regionalization, expert judgement is 
applied throughout the selection, analysis, and 
classification of data to form the ecological regions, 
basing judgements on the quantity and quality of 
source data and on interpretation of the relationships 
between the data and other environmental factors. 
 
Bailey (1996, p.27) has called this approach a “gestalt 
method” of regionalization and suggests that it is not 
“objective” or explicit compared to other methods. 

“The philosophy of this method seems to be 
that no rules exist for recognizing regions; 
they vary depending on location....These 
schemes eventually evolve into nothing 
more than ‘place-name regions,’ which are 
identified primarily by the places themselves 
rather than by objective criteria that define 
particular types of regions.” 

 
Bailey’s characterization of this method is limited and 
misleading.  That there are methods that are more 
explicit or objective is not questioned; that frameworks 
resulting from those methods are more useful than 
those derived from a synthesizing approach is the more 
important question. 
 
The application of computer-assisted mapping 
technology to map synthesis has invigorated the debate 
over "subjective" and "objective" mapping methods.  
The distinction between the two is not so clear cut, 
however, and in fact no map can be wholly objective.  
The use of statistics, mathematics, and computers does 
not eliminate subjectivity from many of the decisions 
in scientific research or the regionalization process. 
Judgements are required about the usefulness of data 
sets, variables to choose, weights to assign, methods to 
apply, and theories from which to operate.  Despite the 
earlier zeal of geographers to replicate their regions, 
there will always be subjectivity in so-called objective 
methods (Johnston 1968).  As Brown  (1994, p.13-14) 
has pointed out for biomes:  “The delineation of 
biomes is, therefore, somewhat subjective; although 
not usually determined through measured criteria, the 
communities depicted are based on natural criteria and 
are subject to quantitative assessment.”  If the concern 
is for developing a framework that is a closer 
approximation of what is actually on the ground rather 
than an explicit, easily replicable, quantifiable method 
of mapping, then logic, professional judgement, and 
knowledge of relationships and associated distributions 
are essential for putting geographic sense into the 
regionalization process. 
 
Reinforcement concerning the merits of this type of 
approach comes from the variety of researchers from 
around the world that tend to agree with its logic and 
practicality.  Although the U.S. EPA and Canadian 
researchers were initially defining ecological 
frameworks separately, they later found that their 
method and philosophy were not that dissimilar 
(Omernik 1995, Wiken 1986, Wiken et al. 1997) and 
that the ecoregions, with some modifications, could be 
joined at the border (Wiken and Lawton 1995, Wiken 
and Gauthier 1996, CEC 1997).  While a framework of 
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ecoregions in Australia has been collaboratively 
defined with the states and territories (Thackway and 
Cresswell 1995), one of the regional researchers there 
has found that a more quantitative approach that was 
pursued for many years has proven less satisfactory 
than a more synthesizing approach (R. Thackway, 
Australian Nature Conservation Agency, personal 
communication).  A shared perspective and interest in 
defining an international framework using this 
approach is also encountered in Russia (N. Denisov, 
Moscow State University and UNEP GRID-Arendal, 
personal communication). 
 
Ecoregions of Central and South America - First 
Approximation 
 
While there is a need to have an ecological framework 
that is based on a variety of environmental 
characteristics, many frameworks for Latin American 
countries tend to be single-theme frameworks to 
address concerns such as forest resources or 
agricultural potential.  Continental frameworks, as 
mentioned previously, also tended to rely on particular 
aspects or processes of ecosystems.  How might a 
framework based on a synthesizing approach differ 
from, or be similar to, the frameworks completed by 
the WWF or Bailey, for example?  To develop an 
ecoregional classification for the Western Hemisphere 
(North and South America) that was consistent with 
recent U.S. EPA and North American ecoregion 
frameworks, we delineated a preliminary classification 
for Central and South America.  The methods used 
were similar to those described by Omernik (1995) and 
Gallant et al. (1989, 1995).  Maps and information of 
environmental characteristics of Central and South 
America and the Caribbean were collected from 
several U.S. university libraries, the EROS Data 
Center, the Library of Congress, the USGS 
Cartographic Information Center in Reston, and the 
U.S. State Department map library.  Many of these 
references are listed in Appendix 2. 
 
In addition to the variety of information from these 
thematic maps and descriptive texts, regional patterns 
were also assessed from the global land cover 
characteristics database obtained from 1-km Advanced 

Very High Resolution Radiometer (AVHRR) data 
(Loveland and Belward 1997; Loveland et al. 1998; 
Brown et al. 1993).  Seasonal land cover regions 
derived from the AVHRR data are composed of 
relatively homogeneous land cover associations (for 
example, similar floristic and physiognomic 
characteristics) which exhibit distinctive phenology 
(that is, onset, peak, and seasonal duration of 
greenness), and have common levels of primary 
production.  The classification process used to develop 
the land cover regions database is not automated, but 
more closely resembles a traditional manual image 
interpretation philosophy.  There is a reliance on the 
skills of the human interpreter to make the final 
decisions regarding the relationship between spectral 
classes defined using unsupervised methods and 
landscape characteristics that are used to make land 
cover definitions.  A convergence of evidence 
approach is used to determine the land cover type for 
each seasonal land cover class:  All available 
documentation, including the region attributes, image 
maps, atlases, other existing land cover/vegetation 
maps, and any other relevant materials are consulted 
and compared to the spatial distribution of each region 
(Global Land Cover Characteristics Database Readme 
File, http:// 
edcwww.cr.usgs.gov/landdaac/glcc/globdoc1_2.html).  
This convergence of evidence approach, therefore, has 
some similarities to the synthesizing approach used to 
define ecological regions. 
 
The initial delineation of ecoregions was based on 
analysis of multiple types and scales of thematic maps 
including geology, physiography, soils, potential and 
existing vegetation, climate, landcover and agricultural 
uses, other ecological frameworks, and from other 
regional descriptive documents.  Draft sketches at 
several different small scales (ranging from small, 
1:30,000,000-scale page-size maps to larger 
1:8,000,000-scale maps) were made during the 
regionalization process for discussion purposes among 
NHEERL geographers.  We delineated and digitized 
the ecoregion boundaries on 1:5,000,000-scale mylar 
base maps and created geographic information system 
coverages with ARC/INFO software.  
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For Central and South America and the Caribbean, we 
delineated 12 level I regions (Figure 1), 35 level II 
regions (Figure 2), and 121 level III regions (Figure 3 
and map insert).  This compares to North America 
(CEC 1997), where there were 15 level I regions, 52 
level II regions, and approximately 202 level III 
regions.  These counts may include some overlapping 
regions from North America to Central America. 
 
Conclusions and Recommendations 
 
This purpose of this project was to develop a first 
approximation of ecological regions of Central and 
South America that would be relatively consistent with 
the purpose and methods of the already completed 
CEC framework for North America.  Although 
advancements were made in defining and delineating 
three hierarchical levels of ecological regions for the 
southern portion of the western hemisphere, there 
remains substantial work to finalize the framework.  In 
considering the hierarchy of regions, we found that the 
level III ecoregions of Central and South America 
appeared generally more acceptable to us.  Our debates 
and discussion within an internal group of geographers 
about the level I regions were the most difficult, with a 
divergance of opinion on what should be represented.  
We mapped several alternative scenarios for level I, 
each having some merit and logic, but also including 
shortcomings relative to the lumping of disparate 
ecological areas.  There is obviously a great need for 
collaboration with and review by experts from Latin 
America and other researchers with hemispheric and 
global perspectives. 
 
The CEC effort was a commendable attempt to 
produce a consistent framework for three countries of 
North America, however, it was not defined within the 
viewpoint of a global framework.  Questions remain 
not only about how best to tie the level I regions for 
North and South America, but also how these might 
relate to a global classification.  In light of the fact that 
several researchers from different parts of the world 
are tending to embrace this type of regionalization 
method, there appears to be an opportunity to improve 
these frameworks and address many of the issues and 
questions from a broader and more diverse perspective.  

Despite the difficulties of multi-nation and multi-
perspective involvement in ecological mapping, if 
utility is a goal, such involvement becomes essential.  
A successful ecological framework cannot be 
developed singularly or in isolation. 

 13



 

References  
 
Bailey, R.G. 1976. Ecoregions of the United States. 
(Map). U.S. Department of Agriculture, Forest Service. 
Ogden, UT. 
 
Bailey, R.G. 1989. Explanatory supplement to 
ecoregions map of the continents. Environmental 
Conservation 16(4):307-309. Map scale 1:30,000,000. 
 
Bailey, R.G. 1996. Ecosystem geography. Springer-
Verlag, New York. 204p. 
 
Bailey, R.G. 1998. Ecoregions: The Ecosystem 
Geography of the Oceans and Continents. Springer-
Verlag, New York. 192p. 
 
Bailey, R.G., S.C. Zoltai, and E.B. Wiken. 1985. 
Ecological regionalization in Canada and the United 
States. Geoforum 16(3):265-275. 
 
Bailey, R.G., P.E. Avers, T. King, and W.H. McNab 
(eds.). 1994. Ecoregions and subregions of the United 
States. Scale 1:7,500,000. U.S. Department of 
Agriculture, Forest Service. 
 
Bennett, C.F. 1967. A review of ecological research in 
Middle America. Latin American Research Review 
2(3):3-27. 
 
Benett, C.F. 1968. Human influences on the 
zoogeography of Panama. Ibero-Americana. University 
of California Press, Berkeley. 
 
Blew, R.D.  1996.  On the definition of ecosystems.  
Bulletin of the Ecological Society of America  77:171-
173. 
 
Box, T.W. 1994. Sustainable ecological systems and 
cultural change. In: Sustainable Ecological Systems: 
Implementing an Ecological Approach to Land 
Management. USDA Forest Service, General 
Technical Report, RM-247. pp.2-9. 
 
Brown, D.E. 1980. A system for classifying cultivated 
and cultured lands within a systematic classification of 
natural ecosystems. Journal of the Arizona-Nevada 
Academy of Science 15:48-53. 
 
Brown, D.E. (ed.). 1994. Biotic Communities: 
Southwestern United States and Northwestern Mexico. 
University of Utah Press, Salt Lake City. 342p. 
 
Brown, D.E., C.H. Lowe, and C.P. Pase. 1980. A 
digitized systematic classifiction for ecosystems with 

an illustrated summary of the natural vegetation of 
North America. General Technical Report RM-73. 
USDA Forest Service, Rocky Mountain Forest and 
Range Experiment Station, Ft. Collins, CO. 93p. 
 
Brown, D., F. Reichenbacher, and S. Franson. 1995. 
Classification system and map of the biotic 
communities of North American. In: Biodiversity and 
Management of the Madrean Archipelago: The Sky 
Islands of Southwestern United States and 
Northwestern Mexico. L.F. DeBano et al. (eds.). 
General Technical Report RM-GTR-264. U.S. 
Department of Agriculture, Forest Service. Rocky 
Mountain Forest and Range Experiment Station, Fort 
Collins, CO. pp.109-125. 
 
Brown, D., F. Reichenbacher, and S. Franson. 1998. A 
Classification of North American Biotic Communities. 
University of Utah Press, Salt Lake City. 152p. 
 
Brown, J.F., T.R. Loveland, J.W. Merchant, B.C. 
Reed, and D.O. Ohlen. 1993. Using multisource data in 
global land cover characterization: concepts, 
requirements and methods. Photogrammetric 
Engineering and Remote Sensing 59:977-987.  
 
Clements, F.E. and V.E. Shelford. 1939. Bio-ecology. 
John Wiley and Sons, NY. 
 
Commission for Environmental Cooperation.  1997.  
Ecological regions of North America:  toward a 
common perspective.  Commission for Environmental 
Cooperation, Montreal, Quebec, Canada.  71pp. (Map 
insert, scale 1:12,500,000). 
 
Crowley, J.M. 1967. Biogeography. Canadian 
Geographer 11(4):312-326. 
 
Dasmann, R.J. 1972. Towards a system for classifying 
natural regions of the world and their representation by 
National Parks and reserves. Biological Conservation 
4:247-255. 
 
Dasmann, R. 1973. A system for defining and 
classifying natural regions for purposes of 
conservation. IUCN Occasional Paper No. 7. 
International Union for Conservation of Nature and 
Natural Resources. Morges, Switzerland. 
 
Dasmann, R. 1973. Biotic provinces of the world. 
IUCN Occasional Paper No. 9. International Union for 
Conservation of Nature and Natural Resources. 
Morges, Switzerland. 
 

 14



 

Dasmann, R. 1976. Biogeographical provinces. Co-
Evolution Quarterly. 1976 (Fall): 32-35. 
 
Daubenmire, R.F. 1938. Merriam’s life zones of North 
America. The Quarterly Review of Biology 13:327-
332. 
 
Denevan, W.M. 1984. Ecological heterogeneity and 
horizontal zonation of agriculture in the Amazon 
floodplain. In: Frontier Expansion in Amazonia. M. 
Schmink and C.H. Wood (eds.). University of Florida 
Press, Gainesville, FL. pp.311-336. 
 
Dice, L.R. 1922. Biotic areas and ecololgical habitats 
as units for the statement of animal and plant 
distribution. Science 55:335-338. 
 
Dice, L.R. 1943. The biotic provinces of North 
America. University of Michigan Press, Ann Arbor. 
 
Dice, L.R. 1952. Natural communities. University of 
Michigan Press, Ann Arbor. 547p. 
 
Dinerstein, E., D.M. Olson, D.J. Graham, A.L. 
Webster, S.A. Primm, M.P. Bookbinder, and G. Ledec. 
1995. A conservation assessment of the terrestrial 
ecoregions of Latin America and the Caribbean. The 
World Bank, in association with the World Wildlife 
Fund, Washington, D.C. 129p. 
 
Ecological Stratification Working Group. 1995. A 
national ecological framework for Canada. Agriculture 
and Agri-Food Canada, Research Branch, Centre for 
Land and Biological Resources Research; and 
Environment Canada, State of the Environment 
Directorate, Ecozone Analysis Branch, Ottawa/Hull, 
Ontario. Report and national map at 1:7,500,000 scale. 
125p. 
 
Gallant, A.L., T.R. Whittier, D.P. Larsen, J.M. 
Omernik, and R.M. Hughes. 1989. Regionalization as a 
tool for managing environmental resources. 
EPA/600/3-89/060. U.S. Environmental Protection 
Agency, Corvallis, Oregon. 152p. 
 
Gallant, A.L., E.F. Binnian, J.M. Omernik, and M.B. 
Shasby. 1995. Ecoregions of Alaska. U.S. Geological 
Survey Professional Paper 1567. 73p. 
 
Gerasimov, I.P. (ed.). 1964. Types of natural 
landscapes of the Earth’s land areas. Plate 75. In: 
fiziko-geograficheskii Atlas Mira [Physico-geographic 
Atlas of the World]. USSR Academy of Science and 
Main Administration of Geodesy and Cartography. 
Moscow. Map scale 1:80,000,000. 

 
Griffin, D. 1997. Review of Ecosystem Geography, by 
Robert G. Bailey. The Geographical Review 
87(1):112-114. 
 
Herbertson, A.J. 1905. The major natural regions: an 
essay in systematic geography. Geographical Journal 
25:300-312. 
 
Holdridge, L.R. 1947. Detrermination of world plant 
formations from simple climatic data. Science 
105:367-368. 
 
Holdridge, L.R. 1956. Middle America. In: A World 
Geography of Forest Resources, S. Haden-Guest, J.K. 
Wright, and E.M. Teclaff (eds.). Ronald Press, New 
York. pp183-200. 
 
Holdridge, L.R. 1957. The vegetation of mainland 
Middle America. Eighth Pacific Science Congress 
Proceedings 4:148-161. 
 
Holdridge, L.R. 1987. Ecologia basada en zonas de 
vida. Instituto Interamericano de Cooperacion para la 
Agricultura, San Jose, Costa Rica. 216p. 
 
Holdridge, L.R. and G. Budowski. 1956. Report on an 
ecological survey of the Republic of Panama. 
Caribbean Forester 17(3&4):92-110. 
 
Holdridge, L.R., W.C. Grenke, W.H. Hatheway, T. 
Liang, and J.A. Tosi, Jr. 1971. Forest environments in 
tropical life zones: a pilot study. Pergamon Press, 
Oxford. 747p. 
 
Joerg, W.L.G. 1914. The subdivisions of North 
America into natural regions: a preliminary inquiry. 
Annals of the Association of American Geographers 
4:55-83. 
 
Johnston, R.J. 1968. Choice in classification: the 
subjectivity of objective methods. Annals of the 
Association of American Geographers 58(3):575-589. 
 
Kendeigh, S.C. 1932. A study of Merriam’s 
temperature laws. The Wilson Bulletin 44:129-143. 
 
Kendeigh, S.C. 1954. History and evaluation of 
various concepts of plant and animal communities in 
North America. Ecology 35:152-171. 
 
Klijn, F. and H.A. Udo de Haes. 1994. A hierarchical 
approach to ecosystems and its implications for 
ecological land classification. Landscape Ecology 
9(2):89-104. 

 15



 

 
Loveland, T.R. and Belward, A.S., 1997. The IGBP-
DIS Global 1 km Land Cover Data Set, DISCover First 
Results.  International Journal of Remote Sensing 
18(15): 3289-3295. 
 
Loveland, T.R., D.O. Ohlen, J.F. Brown, B.C. Reed, Z. 
Zhu, J.W. Merchant, and L. Yang. 1998. Western 
hemisphere land cover - progress toward a global land 
cover characteristics database. In: Proceedings, Pecora 
13, Human Interactions with the Environment: 
Perspectives From Space. 
 
Lugo, A.E., S.L. Brown, R. Dodson, T.S. Smith, and 
H.H. Shugart. 1998. The Holdridge life zones of the 
conterminous United States in relation to ecosystem 
management. U.S. EPA NHEERL-WED, Corvallis, 
OR, (Draft manuscript and map). 
 
Marin, V.H.  1997.  General system theory and the 
ecological concept.  Bulletin of the Ecological Society 
of America 77:102-104. 
 
Merriam, C.H. 1895. The geographic distribution of 
animals and plants in North America. USDA Yearbook 
1894. pp.203-214. 
 
Merriam, C.H. 1898. Life zones and crop zones in the 
United States. Bulletin of the Division of Biological 
Survey, Volume 10, U.S. Department of Agriculture, 
Washington, D.C. pp.1-79. 
 
Odum, E.P. 1945. The concept of the biome as applied 
to the distribution of North American birds. Wilson 
Bulletin 57:191-201. 
 
Omernik, J.M. 1987. Ecoregions of the conterminous 
United States. Annals of the Association of American 
Geographers 77(1):118-125. 
 
Omernik, J.M. 1995. Ecoregions: A framework for 
environmental management. In: Biological Assessment 
and Criteria: Tools for Water Resource Planning and 
Decision Making. W. Davis and T. Simon (eds). Lewis 
Publishers, Boca Raton, FL. pp.49-62. 
 
Omernik, J.M. and A.L. Gallant. 1990. Defining 
regions for evaluating environmental resources. In: 
Global Natural Resource Monitoring and Assessments. 
Proceedings of the International Conference and 
Workshop, Venice, Italy. pp.936-947. 
 
Parsons, J.J. 1962. Book Reviews, Mapa Ecológico del 
Perú, by Joseph A. Tosi, Jr. Economic Geography 
38(3):278-280. 

 
Penaherrera del Aguila, C. (ed.). 1989.  Atlas del Peru. 
Ministerio de Defensa, Instituto Geografico Nacional, 
Proyecto Especial Atlas del Peru. Lima, Peru. 
 
Pitelka, F.A. 1943. Publications Reviewed (Review of 
Dice’s Biotic Provinces of North America). The 
Condor 45(5):203-204. 
 
Ricketts, T., E. Dinerstein, D. Olson, C. Loucks, W. 
Eichbaum, Kevin Kavanagh, P. Hedao, P. Hurley, K. 
Carney, R. Abell, and S. Walters.  1997.  A 
conservation assessment of the terrestrial ecoregions of 
North America.  Volume I.  The United States and 
Canada.  World Wildlife Fund, Washington, D.C.  
547pp.   
 
Rowe, J.S.  1997.  Defining the ecosystem.  Bulletin of 
the Ecological Society of America 78:95-97. 
 
Rowe, J.S. and B.V. Barnes.  1994.  Geo-ecosystems 
and bio-ecosystems.  Bulletin of the Ecological Society 
of America 75:40-41. 
 
Shelford, V.E. 1932. Life zones, modern ecology, and 
the failure of temperature summing. The Wilson 
Bulletin 44:144-157. 
 
Shelford, V.E. 1945. The relative merits of the life 
zone and biome concepts. Wilson Bulletin 47:248-252. 
 
Shelford, V.E. 1963. The ecology of North America. 
University of Illinois Press. Urbana, IL. 
 
Thackway, R. and I.D. Cresswell (eds.). 1995. An 
interim biogeographic regionalization for Australia: a 
framework for establishing the national system of 
reserves. Version 4.0. Australian Nature Conservancy 
Agency, Canberra, Australia. 88p. 
 
The Nature Conservancy Ecoregional Working Group.  
1997.  Designing a geography of hope:  guidelines for 
ecoregional-based conservation in The Nature 
Conservancy.  The Nature Conservancy, Arlington, 
VA.  84pp. 
 
Tosi, J.A., Jr. 1958. Mapa ecologico del Peru. Instituto 
Interamericano de Ciencias Agricolas de la OEA, Zona 
Andina, Lima, Peru. 
 
Tosi, J.A., Jr. 1960. Zonas de vida natural en el Peru; 
memoria explicativa sobre el mapa ecologico del Peru. 
Boletin Tecnico No.5, Instituto Interamericano de 
Ciencias Agricolas de la OEA, Zona Andina, Lima, 
Peru.. 271p. 

 16



 

 
Tosi, J.A., Jr. 1964. Climatic control of terrestrial 
ecosystems: a report on the Holdridge model. 
Economic Geography 40(3):189-205. 
 
Tosi, J.A., Jr. 1969. Mapa ecologico, Republica de 
Costa Rica. Centro Cientifico Tropical, San Jose. 
 
Trewartha, G.T. 1968. An introduction to climate. 4th 
Edition. McGraw-Hill, New York. 408p. 
 
Udvardy, M.D.F. 1975. A classification of the 
biogeographical provinces of the world. IUCN 
Occasional Paper No. 18. International Union for the 
Conservation of Nature and Natural Resources. 
Morges, Switzerland.  
 
Udvardy, M.D.F. 1976. Biogeographic provinces. Co-
Evolution Quarterly. Map scale 1:39,629,000. 
 
Walter, H. and S.W. Breckle. 1985. Ecological systems 
of the geobiosphere. Volume 1, Ecological principles 
in global perspective. Springer-Verlag, Berlin. 242p. 
 
Weaver, J.E. and F.E. Clements. 1929. Plant ecology. 
McGraw-Hill Book Company. New York. 520p. 
 
Wiken, E.B. 1986. Terrestrial ecozones of Canada. 
Ecological Land Classification Series No.19. 
Environment Canada. Ottawa, Ontario, Canada. 26p.+ 
map 
 
Wiken, E. and K. Lawton. 1995. North American 
protected areas: an ecological approach to reporting 
and analysis. The George Wright Forum 12(1):25-33 
 
Wiken, E.B. 1996. Developing and applying a national 
ecosystem concept in Canada. In: North American 
Workshop on Monitoring for Ecological Assessment of 
Terrestrial and Aquatic Ecosystems. C. Aguirre Bravo 
(ed.). General Technical Report RM-GTR-284. U.S. 
Department of Agriculture, Forest Service. Rocky 
Mountain Forest and Range Experiment Station. Fort 
Collins, CO. pp.39-46. 
 
Wiken, E.B. and D. Gauthier. 1996. Conservation and 
ecology in North America. In: Caring for Home Place: 
Protected Areas and Landscape Ecology. Canadian 
Council on Ecological Areas Annual General Meeting. 

Candian Plains Research Center and Univeristy 
Extension Press, Regina, Saskatchewan, Canada.  
pp.5-15. 
 
Wiken, E.B., D. Gauthier, I.B. Marshall, H.Hirvonen 
and K. Lawton. 1997. A perspective on Canadian 
ecosystems: the terrestrial and marine ecozones. 
Canadian Council on Ecological Areas Occasional 
Paper #14. Ottawa, Ontario, Canada. 68p. 
 
Whittaker, R.H. 1978. Approaches to classifying 
vegetation. In: Classification of Plant Communites. 
R.H. Whittaker (ed.). Dr. W. Junk bv Publishers, The 
Hague. pp.3-31. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 17



 

 
 
 
 
 
 
 
 
 

APPENDIX 1 
 
 

Central and South American Ecoregion Maps 
 

 
 
 
 
 
 

 18



 

 19



 

 20



 

 21



 

 22



 

 
 
 
 
 
 
 
 
 
 
 

APPENDIX 2 
 
 

Central and South American Ecoregion Notes 
 

 23



 

 
Central and South American Ecoregion Notes 

 
13. Temperate Sierras 
 - major Mexican mountain system of mixed geology 
 - mostly conifer and oak 
 13.6 Central American Sierra Madre and Chiapas Highlands 
  13.6.1 Northern Central American Highlands 
   - “cool” tropical highlands; Cw and Cf climates compared to A climate lowlands 
   - conifer/oak and cloud forest veg.; southern extent of many conifer species  
   - mostly volcanic, metamorphic and intrusive rocks 
   - more shallow, rocky soils than surrounding regions 
 
14. Mexican Tropical Dry Forests 
 - low deciduous and subdeciduous forest and shrub, now mostly agriculture and grazing 
 -  5-8 month dry season 
 14.4 Interior Depressions 
  - deciduous and thorn forests; xeric shrubland 
  - commercial (irrigated) and traditional agriculture, grazing 
  14.4.2 Chiapas Depression 
  14.4.3 Motagua Valley 
   - semi-arid climate compared to surrounding more humid tropical 
   - dry thornscrub (mimosas, acacias, cacti) and savanna 
 
15. Middle American Tropical Wet Forests 
 - wet, warm climate with broadleaf evergreen or subdeciduous forest 
 - mostly lowland plains and hills; some mountains 
 15.1 Humid Gulf of Mexico Coastal Plains and Hills 
   15.1.4 Humid Gulf of Mexico and Southern Petén Hills 
    - hills and plains on marine carbonates and marine clastic sediments 
    - medium to tall broadleaf evergreen forest, some oak-subdeciduous forest 
    - more hilly and wetter than Yucatán regions to the north 
   15.1.5 Maya Mountains 
    - metamorphic and intrusive granite rocks & shallow, rocky soils 
    - max. elevations 3000-4000 feet 
 15.2 Yucatán Peninsula Plains and Hills 
  - soils from limestone residuum & colluvium, generally of low fertility & poor drainage 
  15.2.1 Quintana Roo / Belizean Wet Coastal Lowland 
   - beach ridges of sand and shell; coral and limestone reefs and islands; mangrove 
  15.2.2 Yucatán Karst Plains  
   - mostly forested, some shifting cultivation 
   - tall to medium broadleaf evergreen forests; some subdeciduous 
   - areas of seasonal inundation 
  15.2.3 Central Yucatán / Petén Hills and Karst Plains 
   - slightly more hilly and relief than Yucatan Karst Plains, 15.2.2 
   - more tall forest than in Yucatan Karst Plains, 15.2.2 
 15.6 Soconusco/Guatemalan Coastal Plain and Hills 
  - semi-deciduous forest and savanna original cover 
  - volcanic and coastal alluvial soils 
  - prime and mixed use agricultural land 
  15.6.1 Humedales (Mexican coastal wetlands &mangrove -not appropriate at level III) 
  15.6.2 Soconusco/Guatemalan Coastal Plain 
   - fertile volcanic soils similar to Piedmont, but warmer, drier, and flatter 
   - mostly commercial agriculture; cotton, sugarcane, rice, cattle 
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  15.6.3 Soconusco Hills / Guatemalan Piedmont (Boca Costa) 
   - originally tall, wet tropical broadleaf forest; more rain than in coastal plain 
   - fertile volcanic soils 
   - Guatemala’s principal commercial agriculture (lower Piedmont 350-1500ft.)  
   and coffee area (upper Piedmont, 1500-5000 feet) 
 15.7 Central American Isthmus 
  15.7.1 Pacific Volcanic Lowlands 
   - 5-6 month dry season; drier than Caribbean side 
   - originally semideciduous to deciduous forest & savanna 
   - mostly cropland (commercial & traditional) and pasture; coffee, cotton, corn 
   - lower mountains than regions north or south 
  15.7.2 Caribbean Coastal Plains and Hills 
   - hotter, more humid than Pacific side; short to no dry season 
   - dense broadleaf evergreen forest; more forest cover than drier Pacific region 
   - mostly sedimentary & some volcanic rocks; poorly drained, unfertile soils 
   - cattle, bananas, subsistence agriculture 
  15.7.3 Miskito Lowland Pine Savanna 
   - flat, lowland coastal plain of quartz sands and gravels 
   - pine (Pinus caribaea) savanna (bunch grasses) 
    with saw palmettos, scrub hardwoods, extensive mangroves 
  15.7.4 Guanacaste/Central Volcanic Uplands 
   - includes densely populated Valle Central or Meseta Central 
   - wetter with higher peaks than volcanic region to the north, 15.7.1 
  15.7.5 Talamanca and Panama Central Cordilleras 
   - high elevation with paramo 
   - shorter dry period and more cloud forest veg. than highlands of northern C.A. 
   - Talamanca: non-volcanic- sedimentary and intrusive granitic batholith 
   - Panama: volcanic 
   - could be lumped with 15.7.4 at level III? 
  15.7.6 Costa Rica-Panama Pacific Plains and Hills 
   - similar to 15.7.1 but different mosaic of wet and dry climates and geology 
   - wetter than 15.7.1with shorter dry season and some areas of dense forest 
   - Panama’s principal agricultural area 
 
16. West Indies or Caribbean Islands 
 - could be included with 15 
 - great variety and complexity of physical and cultural island geography 
 16.1 Bahamas 
  - 700 islands and long barrier reef 
  - generally low plains of recently emerged limestone, with coral, shell detritus 
  - somewhat drier than Greater Antilles 
  - tourism economy; some fishing, pine forests, little arable land 
 16.2 Greater Antilles 
   - 90 % of land area of West Indies 
   - west-east areas of folded and block mountains 
   - mostly mountainous, except Cuba plains 
  16.2.1 Cuba 
   - could be defined at level II and subdivided at level III  
    (Sierra Maestra/Baracoa Mtns.; Trinidad/Escambray Mtns.;  Santa Clara  
    Hills; Organos/Rosarios Mtns.; Zapata Swamps, Cuban Plains and Hills...) 
   - greater extremes of temperatures than other West Indies islands 
   - extensive cropland; sugar, tobacco, rice, fruit, corn, pasture 
  16.2.2 Mountainous Greater Antilles 
   - generally more mountainous, less agriculture compared to Cuba 
 16.3 Lesser Antilles 
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   - north-south trending arc of small islands 
   -  double line of submarine volcanoes; outer, n.e. arc older, eroded, submerged 
  16.3.1 Limestone Low Islands 
   - low relief, porous limestone,  
   - lack of streams,water deficient, ~45 inches annual rain 
   - cattle, sheep, goat grazing; fishing; some sugar; tourism 
  16.3.2 Volcanic High Islands 
   - high mountains, volcanos, north-south mountain axis 
   - abundance of streams, rainfall >200 in. 
   - forests; rich volcanic soil, variety of crop specializations 
 
17. Northern Andes 
 - higher humidity/precip. and primary productivity than Central Andes 
 - east and west flanks are climatically more similar to each other than in central or southern Andes 
 - upper limit of cultivation about 3200m (10,500 ft), about 1000m lower than Central Andes 
 17.1 Caribe/Pacific Lowland Plains and Hills 
   - lower and flatter than Coastal Andes and Highland Andes 
  17.1.1 Sinú / Magdalena Dry Plains 
   - dry to semi-humid with thorn and dry forest 
   - more humid than Guajira/Paraguaná Peninsulas; drier than Magdalena Wet Plains 
  17.1.2 Magdalena Wet Plains 
   - generally flat, braided-river corridor of mostly Quaternary sediments 
   - more forested than upper Magdalena Valley 17.3.4 
   - swamps, marshes, ciénagas in lower, northern part 
   - oil fields;  
  17.1.3 Maracaibo Lowlands  
   - alluvial plains of Quaternary sediments 
   - more arid to the north; mostly dry forest/savanna but humid forest in south 
   - wetlands and swamp forest in southwest 
   - oil fields; subsistence agriculture 
  17.1.4 Guajira/Paraguaná Peninsulas 
   - plains and hills with arid & semi-arid climate; xerophytic and spiny vegetation 
   - could be grouped with a deserts region at higher level 
   - oil refineries and export terminals 
  17.1.5 Chichiriviche Coastal Plain 
   - lower, flatter plains & river valleys compared to surrounding hills & mountains 
   - deciduous and subdeciduous forest; heavier forest cover than the shrub/brush  
    and xeric veg. of Segovia Highlands & Guajira/Paraguaná Peninsulas 
  17.1.6 Unare Plains  
   - mostly plains but drier than Llanos to the south 
   - dry forest and xeric shrublands 
  17.1.7 Pacific Plains and Hills 
   - dense evergreen rainforest in hot, wet climate; one of the wettest areas in S.A. 
   - mix of plains, hills, and low mountains 
   - wide area of mangroves in S.Colombia 
  17.1.8 Guayas-Tumbes-Piura Dry Hills 
   - dry woodland with succulents on hills and low mountains 
   - more woody and more rain than desert to south 
 17.2 Venezuelan Coastal Andes 
  - lower and drier than Northern Andean Highlands 17.3 
  17.2.1 Segovia Highlands 
   - semi-arid hills with irrigated agriculture in river valleys 
   - cocoa, sugar, sisal, pineapples; some coffee in the south 
  17.2.2 Central Coastal Cordillera 
   - higher & wetter in parts with different geologic mix than Eastern 
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    Coastal Cordillera 17.2.3 
   - crystalline granites, gneisses, schists in sierra; alluvial basins 
   - short rainy season (Nov.-Dec.); 
   - scrub veg. with some moist forest at higher elevation 
   -  high population density 
   - Valencia basin: productive agricultural area - cocoa, coffee, sugar, cotton, cattle 
  17.2.3 Eastern Coastal Cordillera (Sierra de Cumana) 
   - dissected upland of folded sandstone and limestone 
   - more arid to west and along coast 
 17.3 Northern Andean Highlands 
  - higher and wetter than Coastal Andes 17.2 
  17.3.1 Sierra Nevada de Santa Marta 
   - could be combined with 17.3.2, but its isolation creates some biotic distinction 
  17.3.2 Colombian/Venezuelan High Cordilleras  
  17.3.3 Paramo / Alto Andina 
   - mostly above 3000m 
   - annual precipitation evenly distributed 
   - grazing lands for sheep and cattle 
   - grasses, herbs, dwarf shrubs, rock, snow, (some high elevation cloud forest?) 
  17.3.4 Upper Magdalena Valley 
   - spiny scrub cover with irrigated cropland  
   - less forested than upriver or downriver 
   - permeable Tertiary volcanic sediments 
  17.3.5 Upper Cauca Valley 
   - level valley floor of Quaternary sediments from old lake bed 
   - one of most productive agricultural areas of Colombia 
   - more narrow valley than Magdalena 
  17.3.6 Pacific Western Cordillera Montane Forest 
   - high diversity, very wet tropical rainforest & mountain cloud forest 
  17.3.7 Eastern Cordillera Montane Forest 
   - high diversity wet tropical rainforest & mountain cloud forest 
  17.3.8 S. Ecuador / N. Peru Transitional High Andes 
   - slightly lower than mountain regions to the north or south 
   - drier than region to the north, more humid than region to the south 
   - mostly dry tropical forest, thorn forest, deciduous forest, drier towards the west 
 
18.  Central Andes 
  - wider, and generally higher than northern and southern andes with plateau areas 
  - drier climate than north, with short rainy season 
  - dense human population on more humid plateau areas; highest pre-Conquest pop.density 
  - upper limit of potato cultivation about 4200 m 
 18.1 Central High Andes / Puna 
   -highest elevations of Central Andes 
   - drier than forested Yungas 18.3; more grass and scrub than desert region 18.4 
  18.1.1 High Andes / Humid Puna 
   - mostly dry and cold, but some summer rains (Nov. to April) 
   - more humid, more agriculture and humans than Dry Puna and Atacama Puna 
  18.1.2 Dry Puna / Puna de Atacama  (should not be lumped?) 
   - dry and cold, some grass or bare ground, thorn puna 
   - saline and soda lakes 
   - dry puna has greater seasonal contrast compared to wet puna 
   - desert puna - lower temperatures/greater diurnal range than dry/wet puna 
  18.1.3 Southern Central Andes 
   - bunch grasses and alpine grasses; scrub veg. at lower elevations 
   - wetter than dry puna areas to the north; lack of trees compared to S.Andes 
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   - includes Mt. Aconcagua 22,381 ft (6,959 m), highest peak in the Americas 
 18.2 Altiplano 
  18.2.1 Titicaca / Northern Altiplano 
   - more humid than to the southern arid altiplano, with grasses and shrubs 
   - lake affected climate:  reduced diurnal and seasonal temp. range 
   - dense population with agriculture of maize, wheat, barley, potatoes 
  18.2.2 Southern Arid Altiplano 
   - more arid than northern altiplano with saline, wet and dry lakes 
   - low human population 
   - sheep and llama pastoralism, mining 
 18.3 Yungas 
  - warm, wet, forested, species-rich, windward mountain slopes 
  18.3.1 Northern 
   - dense, wet forests, high species richness, endemism, diversity 
   - subsistence farming; coffee, tea, coca crops 
  18.3.2 Southern 
   - dry valleys compared to Northern Yungas,  
   - moist forests compared to very most in northern region 
   - forest mix: evergreen rainforest, transitional mesophytic, subhumid montane 
 18.4 Peruvian/Atacaman Deserts  
  - arid to semi-arid climates 
  - xerophytic vegetation or no vegetation 
  18.4.1 Northern Peruvian Desert 
   - occasional heavy rains and rainy years (El Niño) 
   - different vegetation, more woody species? 
  18.4.2 Garua-Loma Desert 
   - the fog and lomas more extensive (see Dillon) 
   - high relative humidity because of garua fog 
   - lomas vegetation formations in scattered areas 
   - more settlement/cropland in valleys than Chilean Desert 
  18.4.3 Northern Chilean Desert 
   - areas of extreme aridity 
   - plants and cacti on ocean facing slopes / barren leeward slopes 
   - coastal escarpment,  hills, coalescing piedmont plains, interior basins 
   - historical nitrate mining - depletion of tamarugo tree for use as fuel 
  18.4.4 Transitional Subdesert Matoral 
   - cyclic semi-arid climate 
   - thorn scrub and shrubland 
 
19. Southern Andes (Southern Andean Temperate Forests) 
 - rugged mountains with ice fields, fiords, glacial lakes 
 - reversed aridity pattern compared to central andes with wet west and dry east sides 
 - evergreen forest, deciduous to north; stunted bush, bare rock on exposed areas 
 - lower elevations than Andes to the north 
 19.1 Mediterranean Chile 
  - mild Mediterranean climate with dry summer season  
  - sclerophyll shrub and scrub vegetation 
  - diversified cropland; urban/industrial development 
  - northern boundary is a relatively wide transitional zone, ie 18.4.4 
  19.1.1 Coastal Ranges (or Cordillera de la Costa, or Central Coastal Plateaus and Hills) 
   - sclerophyllous shrub, chaparral; some scattered acacia trees 
   - littoral plain and coastal hills and low mountains 
   - grazing and pasture land 
  19.1.2 Llano Central (Central Plain or Central Valley) 
   - irregular plains, alluvial fans; crossed by Andean streams 

 28



 

   - Chile’s most important irrigated agriculture, urban/ industrial region 
 19.2 Valdivian Forested Hills and Mountains 
  - wetter, more forested than Med. Chile 19.1 to the north 
  - Ultisols rather than Alfisols to the north 
  19.2.1 Valdivian Coastal Range  
   - more hilly and forested than Central Depression; islands and fiords 
   - Valdivian rainforest, laurel and Nothofagus forests 
  19.2.2 Central Depression 
   - relatively flat with Quaternary sediments: glacial moraines & debris 
   - glacial lakes along eastern boundary with mountains 
   - higher precipitation, no summer drought compared to Llano Central  
   - mostly unirrigated cropland: wheat, oats, hay, apples, potatoes, peas 
  19.2.3 Valdivian High Andes 
   - Valdivian rainforest, deciduous Nothofagus forest, alpine grass, rock, ice 
 19.3 Fuegian Fiords and Forests 
  - lower elevation and colder climate than Valdivian region to north 
  - more swamp forests, bogs, moors 
  19.3.1 Magellanic Moorland and Rainforest 
   - outer coastal islands, generally lower elevation than inland  
   - heath/moorland, swamp forest, evergreen Nothofagus 
  19.3.2 Fuegian High Andes/Ice Caps 
   - high elevations with glaciers and ice caps 
   - some areas of deciduous forest or mixed forest 
   - drier areas east side of mountains 
 19.4 Subantarctic Islands 
  19.4.1 Falklands / Islas Malvinas 
   - mostly treeless rolling to hilly grassland with bogs and moors 
 
20. Amazonian-Orinocan Lowland 
 20.1 Orinoco Llanos 
  - savana grassland and brush with gallery forests covering low-gradient rivers 
  - relatively flat, low-relief plain between highland areas 
  - cattle grazing and ranching 
  - dry winter/wet summer humid tropical Aw climate 
  20.1.1 Piedmont  
   - on alluvial fans and terraces with better drained soils than alluvial plains region 
   - more forested (semi-deciduous tropical; dry forests in north, moist to the south); 
  20.1.2 High Plains or Dissected Plains  
   - in east: more clays and shales; major area of tropical deciduous forest in Llanos 
  20.1.3 Alluvial Overflow Plains or Wet Plains or Flooded Plains  
   - depression area, wetter soils, inundated for 3-4 months  
   - some of best grazing land 
 20.2 Amazon Irregular Plains and Piedmont  
  - near-Andes piedmont; higher elevation and wetter than more eastern Amazon regions 
  20.2.1 Colombia Rock Mesa Amazon 
   - more undulating plain with steeper slopes and mesa-like rock islands 
   - different general soils and geology  
   - heavy all-year rains in south-southeast part 
  20.2.2 Napo / Putamayo Moist Forests 
   - mostly flat plains , lacking outlier hills/mesas of 20.2.1 
  20.2.3 Ucayali / Marañon Lowland 
   - fluvial area on Quaternary sediments 
   - many areas of flooded grasslands and swamp forest with palms 
  20.2.4 Southwestern Amazonian Irregular Plains (name?) 
  20.2.5 Llanos de Mojos (Llanos del Mamoré or Beni Savanna)  
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   - flat plains of Quaternary sediments 
   - seasonally flooded grassland/wetland savanna; square lakes 
   - differs from Pantanal by the several blackwater, Amazonian-type rivers that cross 
   - cattle production, some cropland 
   - ?should Beni Moist Forests be separate region or included in this? 
 20.3 Guianan Shield Amazonia 
  - slightly drier, more seasonal rainfall pattern than 20.2 
  - igneous-metamorphic  bedrock compared to deeper alluvium of 20.2&20.4 
  20.3.1 Upper Rio Negro / Campinas Area 
   - campinarana vegetation 
   - sandy soils of igneous-metamorphic origin from Guiana Shield 
   - area of black water rivers especially to the south 
  20.3.2 Boa Vista Depression / Rupununi Savanna 
   - mostly Quaternary sediments (on Brazil side) 
   - cerrado-like grass and park vegetation 
   - longer dry season than amazon regions to south and west 
  20.3.3 Guianan Forested Plains and Hills or Guianan Moist Forests 
   - dense forest cover over crystalline plateau of granites, gneisses 
   - timber and mining activities: bauxite, diamonds, gold, manganese 
  20.3.4 Amapá / Roraima Plains and Tablelands 
   - rolling, irregular plains, some hills or low mountains 
   - forest products, brazil nuts; tree plantations, mining 
 20.4 Amazon and Coastal Lowlands 
   - sedimentary basin of kaolinitic clays and quartz sands 
   - jute, black pepper crops; rubber and Brazil nuts important gathering products 
  20.4.1 Amazon Flat Plains or Central Amazon Lowland 
   - acidic, nutrient poor soils & waters 
   - lower in fauna and different flora patterns compared to adjacent upland areas 
  20.4.2 Várzea/Igapó  
   - annually flooded or occasionally flooded riparian areas 
   - historically more human activities  than 20.4.1:  
    Indigenous settlement patterns  showed preference for rivers that came from 
    Andes , avoiding areas and rivers of less fertile 20.4.1 
  20.4.3 Amazon Estuary and Coastal Savannas 
   - high water table, often saline 
  20.4.4 Guianan Coastal Lowland 
   - alluvial coastal plain; swampy, clay soil, sand ridges, mangroves near coast 
   - sea-borne mud from mouths of Amazon by equatorial current 
   - two wet seasons Apr.-Aug., Dec.-Jan.; two dry seasons Sept.-Nov., Feb.-Mar. 
   - narrow belt of agriculture: tidal land reclamation and alluvial valleys  
   - sugar, rice, bananas, oilpalm, vegetables, citrus 
 20.5 Brazilian Shield Moist Forests 
  - more open, seasonal, semi-deciduous forests than Amazon regions to north and west 
  20.5.1 Gurupi Plains and Low Tablelands 
   - more lattosols, less fertile than 20.5.2 
   - denser forests than 20.5.2 and 20.5.3, many cleared areas 
  20.5.2 Amazon Upland Irregular Plains 
   - rolling to irregular plains 
   - mix of open and dense forest 
  20.5.3 Mixed Forest Plains and Tablelands 
   - more varied elevation, relief, and forest types than 20.5.2 
   - more savanna areas and seasonal forests than 20.5.2 
  20.5.4 Upper Xingu Depression 
   - Pleistocene sedimentary basin 
   - distinctive riverine soils and gallery forests 
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21. Eastern Highlands 
 21.1 Guianan Highlands 
  21.1.1 Guianan Uplands and Tepuis 
   - a complex mix of valleys, high-relief plateaus/sandstone mesas, hills & mountains 
   - montane wet tropical broadleaf forests, lowland forests and savannas... 
   - high number of endemic species 
  21.1.2 Roraima and Grand Savannas 
   - upland savanna compared to Boa Vista Depression / Rupununi Savanna 
   - savannas and seasonal swamps on white sands from Roraima sandstones 
   - elevations generally 2000 - 4000 feet 
   - narrow definition of Gran Sabana to exclude most of high tepuys 
  21.1.3 Suriname/Guyana Low Mountains (need better name) 
   - (includes Serra Caruma, Serra Arapy, Serra Acaraí, Tumuc-Humac Mountains) 
   - generally higher, hillier, wetter? than surrounding forested land 
   - historically mapped as savannas, but appears mostly forested 
   - elevations mostly 1000-3000 feet 
 21.2 Cerrados 
  - a natural region, a phytogeographic province, a series of plant formations  
  - plateau and high tablelands, deeply dissected and fragmented 
    (high plains or serras separated by wide interfluves) 
  - strong dry season during southern winter 
  - savannas on uplands (grass to shrubs to woodland); gallery forests in lower wide valleys; 
   generally more woody than other S.A. savannas 
  - species-rich, 160,000 species of plants, animals, & fungi 
  - pasture for cattle; crops of soybeans, corn, rice; charcoal for steel industry 
  21.2.1 Northern Maranhão Plains 
   -transitional region from Amazonian moist forests to cerrado 
   - savannas with babacu palms to the west  
   - some moist tropical evergreen forest in west, deciduous to south 
  21.2.2 Northern Piauí Plains   (combine with N. Maranhão Plains?) 
   - transitional region from cerrado to caatinga 
   - more caatinga and cerrado vegetation than N. Maranhão Plains 
   (Northern Cerrado regions-more woody? than southern; mostly unimproved grazing) 
  21.2.3 Northeastern Cerrado (Sao Francisco / Meio-Norte Chapadas)  or .....? 
   - mostly Cretaceous to Triassic rocks compared to older rocks to west 
   - more sandy quartz soils compared to west; sandy tablelands 
   - lower primary productivity and different cover shown by AVHRR 
  21.2.4 Araguaia Depression 
   - lowland area of Quaternary sediments 
   - hydromorphic soils region & macroagroeco region 
   - park vegetation and gallery forests 
  21.2.5 Tocantins Hills and Tablelands  
   - slightly lower depressional area than Northeastern Cerrado 
   - a mix of Paleozoic and Precambrian rocks; different soils from NE 
  21.2.6 Espinhaço / Diamantina Hills and Low Mountains 
   - more hilly than tablelands to the west, many inselbergs 
   - more tropical deciduous forest; drier to the north 
  21.2.7 Mato Grosso Savanna Tablelands (or Parecis/Mato Grosso Cerrado) 
  21.2.8 Upper Paraguai / Guapore Plains & Hills (Cuiaba / Caceres Plains & Hills) 
   -  
  21.2.9 Pantanal 
   - flat plains of Quaternary sediments surrounded by Precambrian hills/tablelands 
   - mostly seasonally flooded grassland & cerrado vegetation; high water Dec.-Apr. 
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   - “world’s largest wetland” ...with jaguars, giant ant-eaters, caymans, marsh deer,  
     giant otters, an estimated 650 species of birds, 240 varieties of fish and   
   more than 90,000 types of plants 
   - between three and eight million cattle have historically grazed the Pantanal.  
  21.2.10 Chiquitos-Velasco Forested Hills and Plains  
   (or Chiquitos Irregular Plains or Bolivian Lowland Dry Forests...) 
   - more irregular plains with some hills 
   - semi-deciduous forests   
   - “may be among the richest dry forest ecosystems in the world”  (?) 
  21.2.11 Southern Cerrado Tablelands 
   -more grassy than northern cerrado regions 
   - improved grazing and cropland compared to mostly unimproved grazing in north 
   - charcoal in eastern section 
 21.3 Caatinga 
  - semi-arid climate; scanty, fluctuating rainfall, 8 months or more dry season; 
  - scrub vegetation, succulent plants, cacti; few grasses except after rains 
  - some cotton, sisal, castor beans 
  - intermittent streams and rivers 
  21.3.1 Northeastern Caatinga 
   - plains with widely spaced hills & mountains; some tablelands  & low mountains 
   - different vegetation / landcover mosaic from western region (see AVHRR) 
  21.3.2 Western Caatinga 
   - a transitional region to the cerrado 
   - more deciduous forest and savanna-forest mix than in northeast 
   - different geology and soil mosaic from northeast 
       (Sao Francisco depression and surrounding hills and scarps) 
 21.4 Atlantic Forests  
  - more heavily forested than cerrado or caatinga; although now greatly deforested 
  - diverse forest types distinct from Amazon forests 
  - mostly upland areas (hills, low mountains, tablelands) but some coastal lowlands 
  21.4.1 Agreste / Caatinga Transition 
   - drier than coast, with deciduous and semi-deciduous forests 
   - thinner, sandier, rockier soils than coastal forests 
   - more diverse land use & smaller land holdings than to the humid east or drier west 
  21.4.2 Brazilian Atlantic Coastal Forests 
   - Tropical moist broadleaf forests on coastal plains and uplands 
   - higher rainfall than inland mixed forests 
   - crops of sugar cane, coconuts, cocoa, bananas 
  21.4.3 Eastern Inland Atlantic Mixed Forests 
   - more deciduous and semi-deciduous forests than coastal forests  
   - geology, soils, physiography break divides from western region 
  21.4.4 Western Inland Atlantic Mixed Forests 
   - more deciduous and semi-deciduous forests than coastal forests  
   - better agricultural land than eastern region; coffee, cotton, sugar cane... 
  21.4.5 Araucaria Tablelands 
   - historically, a distinctive Parana pine (Aruacaria angustifolia ) forest area 
   - more temperate or sub-tropical climate compared to tropical Atlantic forests 
   - more evenly distributed precipitation compared to dry season of Inland Forests 
   - some occasional snow at highest elevations 
22. Gran Chaco 
 - vast alluvial/colluvial nearly flat plains 
 - dry scrub woodland vegetation 
 - mostly Quaternary sediments compared to surrounding geology mix; saline and alkali soils 
 22.1 Western Dry Chaco 
  - mostly flat plains; some scattered hills 
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  - drier, hotter than Humid Chaco 22.2 
  - drought-deciduous woodland and scrub 
  22.1.1 Northern Dry Chaco / Chaco Boreal 
   - drier, warmer climate & greater summer maximum temp. than in  south? 
   - more irregular plains with Tertiary rocks closer to the surface 
  22.1.2 Southern Dry Chaco / Chaco Austral 
   - flatter, lower elevation than to the north 
  22.1.3 Sierras of Cordoba and San Luis 
   - hills and mountains 
   - mountain grassland with woody species 
  22.1.4 Pampa Seca / Espinal 
   - drier than humid pampa with more woody species; summer rainfall 
   - plains and low scattered hills; sandy soils and loess soils 
   - agriculture and livestock 
 22.2 Humid Chaco 
  - grassland with palms, dry to semi-humid forests, gallery forests 
  22.2.1 Northern Humid Chaco 
   - mostly flat plains 
   - some cotton, cattle 
  22.2.2 Southern Humid Chaco or Mesopotamian Chaco 
   - more gallery forests and seasonally flooded land 
   - more low brush and grass compared to Dry Chaco  
   - mesopotamic parkland compared to Northern Humid Chaco 
   - AVHRR difference from Northern Humid Chaco 
   - some rice, citrus, mixed livestock 
 
23. Pampas 
 - former tallgrass prairie and other grassland types 
 - warm, temperate Cfa climate compared to drier, B climate areas to the west 
 - relatively flat plains; some irregular plains and low hills in Uruguay, S. Brazil 
 - dense human settlement; important agricultural and industrial region 
 23.1 Northern Rolling Pampas 
  - rolling, irregular plains and hills over granitic and basaltic rocks 
  23.1.1 Campos/Northern Pampas 
   - more hilly, ie granite ridges&hills (cuchillas), basaltic plateaus 
   - more grazing of sheep and cattle, less crop production than southern pampas 
   - some wheat, soybeans, grapes, tobacco 
   - could be subdivided: nw area of intrusive rock, more elevated, dissected 
  23.1.2 Brazil/Uruguay Coastal Pampa 
   - flat, low plain of Quaternary sediments 
   - dunes, lagoons, and mangrove 
  23.1.3 Southern Uruguay Lowland 
   - more hilly and rocky than La Plata/Uruguay Lowland in Argentina 
 23.2 Southern Flat Pampas 
  - flat plains of Quaternary loess and silt sediments with more cropland than in north 
  - the largest area of fertile soil in South America 
  23.2.1 La Plata/Uruguay Lowland  
   - alluvial deposits, some loess 
   - more cropland than Northern Pampas 
  23.2.2 Inland Pampa or western pampa 
   - mostly flat and lacking a stream network 
   - good drainage with sandy soils, some dunes; also marshes, salty ponds 
   - drier climate, coarser soils than other Pampas regions 
  23.2.3 Flooding Pampa or Low Argentine Pampa 
   - lower elevations and relief than nearby regions 
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   - poor drainage with periods of extensive flooding; ponds and lakes 
   - more suitable for cattle and sheep grazing than cropland 
  23.2.4 Southern Pampa (or combine with inland pampa) 
   - some hills, mesa-like forms and rock outcrops 
 
24. Monte-Patagonian 
 24.1 Monte (could be put with Chaco?)  
  - (biotic influence/origin from Chaco thorn forest) 
  - physiognomically similar to Sonoran Desert 
  24.1.1 Monte 
   - semideciduous or evergreen shrubland, floristically richer than Patagonia 
   - most of rainfall in summer 
   - pastoral subsistence; vine, vegetable, fruit crops 
 24.2 Patagonian Tablelands 
   - cold semi-desert 
   - mostly winter rainfall with some snow 
  24.2.1 Northern Patagonia or Payunia 
   - plains with widely spaced hills & mountains 
   - different AVHRR pattern than southern region 
   - transitional region from Patagonia to Monte 
  24.2.2 Southern Patagonia  
   - dissected tablelands  
   - deciduous shrubland compared to Monte semideciduous or evergreen shrubland 
  24.2.3 Magellan Grasslands 
   - wetter and colder? than Southern Patagonia 
   - tundra-like vegetation 
   - different AVHRR landcover 
 

 34



 

 
 
 
 
 
 
 
 
 
 

APPENDIX 3 
 

Central and South America Ecoregion References 
 

 35



 

Central and South America Ecoregion References 
 
Ab’Sáber, Aziz. 1977. Domínios morfoclimáticos e fitogeográficos sulamericanos.  Scale: 
Approx. 1:16,000,000. 
 
Ab’Sáber, Aziz. 1977. Domínios naturais da América do Sul há 13000-18000 anos, primeira 
aproximação. Scale: Approx. 1:16,000,000. 
 
Alho, C.J.R., T.E. Lacher, and H.C. Goncalves. 1988. Environmental degradation in the Pantanal 
ecosystem. Bioscience 38(3):164-171. 
 
Anderson, A.B., P. Magee, A. Gely, and M.A.G. Jardim. 1995. Forest management patterns in 
the floodplain of the Amazon estuary.  Conservation Biology 9(1): 47-61.  
 
Argentina, Consejo Federal De Inversiones. 1963. Suelo y flora, Regiones fitogeograficas segun 
Angel Lulio Cabrera, Mapa III-2-2. Evaluacion de los Recursos Naturales  de la Argentina 
(Prima Etapa). Suelo y Flora, Tomo 3. Buenos Aires. Scale 1,10,000,000. 
 
Argentina, Consejo Federal De Inversiones. 1963. Suelo y flora, Regiones fitogeograficas segun 
Lorenzo R. Parodi, Mapa III-2-1. Evaluacion de los Recursos Naturales  de la Argentina (Prima 
Etapa). Suelo y Flora, Tomo 3. Buenos Aires. Scale 1,10,000,000. 
 
Beard, J.S. 1944. Climax vegetation in tropical America. Ecology 25:127-158. 
 
Beard, J.S. 1953. The savanna vegetation of northern tropical America. Ecological Monographs 
23:149-215. 
 
Beard, J.S. 1955. The classification of tropical American vegetation types. Ecology 36:89-100. 
 
Beek, K.J. and D.L. Bramao. 1968. Nature and geography of South American soils. In: 
Biogeography and ecology in South America. E.J. Fittkau, J. Illies, H. Klinge, G.H. Schwabe, 
and H. Sioli (eds.). Monographiae Biologicae 18: 82-112. 
 
Belyaevsky, N.A. (ed.). 1976. Geological map of South America. Ministry of Geology of the 
USSR. All-Union Scientific-Research Institute of Geology of Foreign Countries. USSR. Map 
Scale 1:5,000,000. 
 
Bennett, C.F. 1967. A review of ecological research in Middle America. Latin American 
Research Review 2(3):3-27. 
 
Benett, C.F. 1968. Human influences on the zoogeography of Panama. Ibero-Americana. 
University of California Press, Berkeley. 
 
Bertoni, G.T. and J.R. Gorham. 1973. The geography of Paraguay. In: Paraguay: Ecological 
Essays. J.R. Gorham (ed.). Academy of the Arts and Scinces of the Americas, Miami, FL. pp.9-
18. 

 36



 

 
Blouet, B.W. and O.M. Blouet. 1982. Latin America: an introductory survey. John Wiley & 
Sons, New York. 
 
Blouet, B.W. and O.M. Blouet. 1997. Latin America and the Caribbean: a systematic and 
regional survey.  Third edition. John Wiley & Sons, New York. 500p. 
 
Blume, H. 1974. The Caribbean Islands. Longman Group Limited, London. 464p. 
 
Börgel O., R. 1973. The coastal desert of Chile. In: Coastal Deserts: Their Natural and Human 
Environments. The University of Arizona Press, Tucson, AZ. pp.111-114. 
 
Börgel O., R. 197?. Mapa geomorfologico de Chile. Instituto de Geografia, Universidad de 
Chile. Santiago.  
 
Borhidi, A. 1996. Phytogeography and vegetation ecology of Cuba. Akademiai Kiado, Budapest, 
Hungary. 923p. 
 
Bray, W.L. 1900. The relations of the North American flora to that of South America. Science 
n.s. 12:712-716. 
 
Brondizio, E., E. Moran, P. Mausel, Y. Wou, and Y. Li. 1995. Land use in the Amazon estuary. 
Human Ecology 22: 249-278. 
 
Burkart, A. 1975. Evolution of grasses and grasslands in South America. Taxon 24: 53-66. 
 
Butland, G.J. 1972. Latin America: A Regional Geography. Third Edition. Longman Group, Ltd. 
London. 464p. 
 
Cabrera, A.L. 1968. Ecologia vegetal de la puna. In: Geo-ecology of the mountainous regions of 
the tropical Americas. C. Troll (ed.). Ferd. Dummlers Verlag, Bonn. pp.91-116. 
 
Carniero, R.L. 1995. The history of ecological interpretations of Amazonia: Does Roosevelt 
have it right?  In: Indigenous Peoples and the Future of Amazonia: An Ecological Anthropology 
of an Endangered World. L.E. Sponsel (ed.). University of Arizona Press, Tucson. pp.45-70. 
 
Clawson, D. L. 1997. Latin America and the Caribbean: lands and peoples.: William. C. Brown 
Publishers, Dubuque, IA. 387p. 
 
Cochrane, T.T., L.G Sánchez, L.G. Azevedo, J.A. Porras, and C.L. Garver. 1985.  Land in 
Tropical America. Centro Internacional de Agricultura Tropical (CIAT), Cali, Colombia; 
Empresa Brasileira de Pesquisa Agropecuária, Cento de Pesquisa Agropecuária dos Cerrados 
(EMBRAPA-CPAC), Planaltina, D.F. Brasil. Three volumes. 
 
Comisión de la Carta Geológica del Mundo. 1964. Mapa Geológico de América del Sur. Scale 
1:5,000,000. 

 37



 

 
Comisión de la Carta Geológica del Mundo. 1978. Mapa Tectonico de América del Sur. 
Ministerio de Minas y Energia , Departamento Nacional de Produccion Mineral (Brasil), y 
UNESCO. Scale 1:5,000,000.  
 
Commission for the Geologcal Map of the World. 1983. Metallogenic map of South America. 
Explanatory Text. Commission for the Geologcal Map of the World, Ministry of Energy and 
Mines (Venezuela) and Petroleos de Venezuela, S.A., with the collaboration of the United 
Nations Educational, Scientific and Cultural Organization. Caracas, Venezuela. 90p. Scale 
1:5,000,000. 
 
Cunningham, C.G., R.W. Fary, Jr., M.Guffanti, D. Laura, M.P. Lee, C.D. Masters, R.L. Miller, 
F. Quinones, R.W. Peebles, J.A. Reinemund, and D.P. Russ. 1984. Earth and water resources and 
hazards in Central America. Geological Survey Circular 925. U.S. Geological Survey. 
 
Davidson, W.V., compiler. 1980. Geographical research on Latin America: A cartographic guide 
and bibliography of theses and dissertations. CLAG Occasional Publication No.2. Muncie, IN. 
 
Dean, W. 1995. With broadax and firebrand: the destruction of the Brazilian Atlantic forest. 
University of California Press, Berkeley. 482p. 
 
Deil, Ulrich & Scherer, Michael. Wirtschaftsstufe und Pflanzendecke -- Geobotanische 
Differenzierung von Landschaften im Mittelmeerraum und in Chile. Erdkunde [Kleve] Bd. 50. 
Heft 2. April-Juni 1996. p. 81-99. Maps. (English summary.)  
 
De la Cruz, J.R. 1976. Mapa de zonas de vida de Guatemala. INAFOR, Guatemala. 
 
Denevan, W.M. 1961. The upland pine forest of Nicaragua. Univ. of Calif. Publ.Geogr. 12:251-
320. 
 
Denevan, W.M. 1966. The aboriginal cultural geography of the Llanos de Mojos of Bolivia. 
Ibero-Americanca 48. 185p. 
 
Denevan, W.M. 1984. Ecological heterogeneity and horizontal zonation in the Amazon 
floodplain. In: Frotier Expansion  in Amazonia. M.Schmink and C.H. Wood (eds.). University of 
Florida Press, Gainesville, FL. pp.311-336. 
 
Denevan, W.M. (ed.). 1989. Hispanic lands and peoples:  Selected  writings of James J. Parsons. 
Dellplain Latin American Studies, No.23. Westview Press, Boulder, CO. 478p. 
 
Dickenson, J. 1982. Brazil. Longman. London. 219p. 
 
Dickinson, R.E. (ed.). 1987. The geophysiology of Amazonia: vegetation and climate 
interactions. John Wiley and Sons, New York. 526 pages. 
 

 38



 

Dinerstein, E., D.M. Olson, D.J. Graham, A.L. Webster, S.A. Primm, M.P. Bookbinder, and G. 
Ledec. 1995. A conservation assessment of the terrestrial ecoregions of Latin America and the 
Caribbean. The World Bank, in association with the World Wildlife Fund, Washington, D.C. 
129p. 
 
Dumont, J.F., S. Lamotte,  and F. Kahn. 1990. Wetland and upland forest ecosystems in Peruvian 
Amazonia: plant species diversity in the light of some geolgical and botanical evidence. Forest 
Ecology and Management 33-34:125-139. 
 
Eden, M.J. 1990. Ecology and land management in Amazonia. Belhaven Press, London. 
 
Empresa Brasileira de Pesquisa Agropecuária (EMBRAPA). 1981. Mapa de solos do Brasil. 
Empresa Brasileira de Pesquisa Agropecuária, Serviço Nacional de Levantamento e Conservação 
de Solos. Scale 1:5,000,000. 
 
Eiten, G. 1972. The cerrado vegetation of Brazil. Botanical Review 38(2):201-341. 
 
Ewel, J., A. Madriz, and J.A. Tosi, Jr. 1965. Republica de Venezuela mapa ecologico.  
 
Fittkau, E.J. 1969. The fauna of South America. In: Biogeography and Ecology in South 
America. Volume 2. E.J. Fittkau, J. Illies, H. Klinge, G.H. Schwabe, and H. Sioli (eds). 
Monographiae Biologicae 19. Dr.W. Junk N.V. Publishers, The Hague. pp.624-658. 
 
Freile, A.J. 1962. Mapa fisiografico de la Republica de Venezuela. Ministerio de Minas y 
Hidrocarburos, Direccion de Geologia. Caracas, Venezuela. Scale 1: 3,700,000. 
 
Fundación Agro Palermo. 1983. Argentina: su realidad ecológica. Mapa ecológico de la 
Republica Argentina. Agro Palermo sa. Buenos Aires. Scale [ca. 1:5,500,000]. 
 
Funação IBGE. 1968. Mapa geomorphológico do Brasil. Instituto Brasileiro de Geografia, 
Divisão de Geografia. Scale 1:5,000,000. 
 
Funação Instituto Brasileiro de Geografia Estatística (IBGE). 1992. Atlas nacional do Brasil. 2nd 
ed. Ministerio da Economia, Fazenda e Planejamento, Fundacao Instituto Brasileiro de  
Geografia Estatistica, Diretoria de Geociencias. Rio de Janeiro. 
 
Funação Instituto Brasileiro de Geografia Estatística (IBGE). 1993. Mapa de unidades de relevo 
do Brasil. IBGE. Rio de Janeiro. Scale 1:5,000,000. 
 
Funação Instituto Brasileiro de Geografia Estatística (IBGE). 1993. Mapa de vegetação do 
Brasil.  
IBGE. Rio de Janeiro. Scale 1:5,000,000. 
 
Funação Instituto Brasileiro de Geografia Estatística (IBGE). 1993. Mapa de vegetação do 
Brasil. Uma visão panoramica da nossa Natureza. IBGE. Rio de Janeiro. Scale 1:15,000,000. 
 

 39



 

Garcia, A.Z. 1964. Mapa de suelos del Peru. Universidad Agraria “La Molina”. Scale 
1:3,000,000. 
 
Goedert, W.J. 1983. Management of the cerrado soils of Brazil: a review. Journal of Soil Science 
34: 405-428. 
 
Gomez Molina, E. and A.V. Little. 1981. Geoecology of the Andes: the natural science basis for 
research planning. Mountain Research and Development 1(2):115-144. 
 
Goodland, R. 1971. A physiognomic analysis of the cerrado vegetation of central Brasil. Journal 
of Ecology 59(2):411-419. 
 
Guhl, E. 1974. Mapa geografico de vegetacion, fisiografia y clima ambiental. (Colombia). Scale 
1:5,000,000. 
 
Guzman, L.E. 1956. Farming and farmlands in Panama. Department of Geography Research 
Paper No.44, University of Chicago. 137p. 
 
Hall, C. 1985. Costa Rica, a geographical interpretation in historical perspective. Westview  
Press, Boulder , CO.  
 
Hammond, E.H. 1954. Small-scale continental landform maps. Annals of the Association of 
American Geographers 44(1):33-42. 
 
Harcourt, C.S. and J.A. Sayer (eds.). 1996. The conservation atlas of tropical forests: the 
Americas. Simon and Schuster, New York. 335p. 
 
Hayes, F.E. 1995. Status, distribution and biogeography of the birds of Paraguay. Monographs in 
Field Ornithology No. 1. American Birding Association. 230p. 
 
Henshall, J.D. and R.P. Momsen, Jr. 1976. A geography of Brazilian development. G.Bell and 
Sons, Ltd. London. 305p. 
 
Hershkovitz, P. 1958. A geographical classification o f neotropical mammals. Fieldiana: Zoology 
36(6):583-620. 
 
Higbee, E. 1947. The agricultural regions of Guatemala. Geographical Review 37(2):177-201. 
 
Hiraoka, M. 1989. Agricultural systems on the floodplains of the Peruvian Amazon. In: Fragile 
Lands of Latin America: Strategies for Sustainable Development. J.O. Browder (ed.). Westview 
Press, Boulder, CO. pp.75-101. 
 
Holdridge, L.R. 1947. Determination of world plant formations from simple climatic data. 
Science 105:367-368. 
 

 40



 

Holdridge, L.R. 1956. Middle America. In: A World Geography of Forest Resources, S. Haden-
Guest, J.K. Wright, and E.M. Teclaff (eds.). Ronald Press, New York. pp183-200. 
 
Holdridge, L.R. 1957. The vegetation of mainland Middle America. Eighth Pacific Science 
Congress Proceedings 4:148-161. 
 
Holdridge, L.R. 1987. Ecologia basada en zonas de vida. Instituto Interamericano de 
Cooperacion para la Agricultura, San Jose, Costa Rica. 216p. 
 
Holdridge, L.R. and G.Budowski. 1956. Report on an ecological survey of the Republic of 
Panama. Caribbean Forester 17(3&4):92-110. 
 
Holdridge, L.R., W.C. Grenke, W.H. Hatheway, T. Liang, and J.A. Tosi, Jr. 1971. Forest 
environments in tropical life zones: a pilot study. Pergamon Press, Oxford. 747p. 
 
Huber, O., and C. Alarcon. 1988. Mapa de vegetación de Venezuela. Scale 1:2,000,000. 
Ministerio del Ambiente y de los Recursos Naturales Renovables, Caracas, Venezuela. 
 
Hueck, K. 1972. Mapa de la vegetación de America del Sur. Gustav Fischer Verlag Stuttgart. 
Germany. Scale 1:8,000,000. 
 
Instituto Brasileiro de Geografia e Estatística. (no date.) Tentativa de Classificação das Regiões 
Naturais do Nordeste. Instituto Brasileiro de Geografia e Estatística, Divisão de Cartografia. 
Scale 1:2,500,000. 
 
Instituto Centroamericano de Investigacion y Tecnologia Industrial (ICAITI). 1970. Mapa 
metalogenetico de America Central. Publicaciones Geologicas del ICAITI, Numero III. 
Guatemala. 57p. Map scale 1:2,000,000. 
 
Instituto Ecuatoriano de Recursos Hidraulicos. 1969. Mapa general de asociaciones de suelos en 
el Ecuador. Quito. Scale 1:2,000,000. 
 
Instituto Geografico Militar (Bolivia). 1985. Atlas de Bolivia. Ediciones GEOMUNDO. 
Barcelona, Spain.  
 
Instituto Geografico Militar. 1988. Atlas Geografico de Chile Para la Educacion. 2nd Edition. 
Instituto Geografico Militar. Santiago, Chile. 
 
James, P.E. 1952. Observations on the physical geography of northeast Brazil. Annals of the 
Association of American Geographers 42(2):153-176. 
 
James, P.E. 1953. Patterns of land use in northeast Brazil. Annals of the Association of 
American Geographers 43(2):98-126. 
 
James, P.E. 1959. Latin America (Third edition). The Odyssey Press, New York. 942p. 
 

 41



 

Janzen, D.H. (ed.). 1983. Costa Rican natural history, University of Chicago Press. Chicago. 
816p 
 
Jenks, W.F. (ed.). 1956. Handbook of South American geology: An explanation of the Geologic 
Map of South America. The Geological Society of America, Memoir 65.   
 
Johannessen, C. L. 1963. Savannas of interior Honduras. Ibero-Americana 46. University of 
California Press, Berkeley. 160p. 
 
Keeling, D.J. 1997. Contemporary Argentina: a geographical perspective. Westview Press, 
Boulder, Colorado. 349p. 
 
Klinge, H., W.J. Junk, and C.J. Revilla. 1990. Status and distribution of forested wetlands in 
tropical South America. Forest Ecology and Management 33-34(1-4): 81-101.  
 
Klink, C.A., A.G. Moreira and O.T. Solbrig. 1993. Ecological impacts of agricultural 
development in the Brazilian cerrados. In: The World's Savannas. Economic Driving Forces, 
Ecological Constraints and Policy Options for Sustainable Land Use. Man and the Biosphere 
Series Vol. 12. (M.D Young and O.T. Solbrig, eds.) Parthenon Publishing, Paris. pp.259-283. 
 
Kricher, J. 1997. A Neotropical companion: an introduction to the animals, plants, and 
ecosystems of the New World tropics. Princeton University Press, Princeton, NJ. 451p. 
 
Kuchler, A.W. and J. Montoya Maquin. 1971. The UNESCO classification of vegetation: some 
tests in the tropics. Turrialba 21:98-109. 
 
Lahey, J.F. 1973. On the origin of the dry climate in northern South America and the southern 
Caribbean. In: Coastal Deserts: Their Natural and Human Environments. The University of 
Arizona Press, Tucson, AZ. pp.75-82. 
 
Lauer, W. 1981. Ecoclimatological conditions of the paramo belt in the tropical highland 
mountains. Mountain Research and Development 1(3-4):209-221. 
 
Lauer, W. 1968. Problemas de la division fitogeografica en America Central. In: Geo-ecology of 
the Mountainous Regions of the Tropical Americas. C. Troll (ed.). Ferd. Dummlers Verlag, 
Bonn. 
 
Leonard, H.J. 1987. Natural resources and economic development in Central America: A 
regional environmental profile. International Institute for Environment and Development, 
Washinton, D.C. 279p. 
 
Lopez-Parodi, J. and D. Freitas. 1990. Geographical aspects of forested wetlands in the lower 
Ucayali, Peruvian Amazonia. Forest Ecology and Management 33-34(1-4): 157-168.  
 
Lugo, A.E., R.Schmidt, and S.Brown. 1981. Tropical forests in the Caribbean. Ambio 10:318-
324. 

 42



 

 
Macpherson, J. 1980. Caribbean Lands. Fourth Edition. Longman Caribbean, Trinidad and 
Jamaica. 200p. 
 
Maguire, B. 1970. On the flora of the Guyana highland. Biotropica 2:85-100. 
 
Mares, M.A., J. Morello, and G.Goldstein. 1985. The Monte Desert and other subtropical semi-
arid biomes of Argentina, with comments on their relation to North American arid areas. In: Hot 
Deserts and Arid Shrublands, Ecosystems of the World 12A. Elsevier, Amsterdam. pp.203-237. 
 
Mattos, M. and C. Uhl. 1994. Economic and ecological perpectives on ranching in the eastern 
Amazon. World Development 22(2):145-158. 
 
McGinnies, W.G., B.J. Goldman, and P. Paylore (eds.). 1968. Deserts of the World: An 
Appraisal of Research into their Physical and Biological Environments. The University of 
Arizona Press. Tucson, AZ. 
 
Meggers, B.J. 1993-1995. Amazonia on the eve of European contact: ethnohistorical, ecological, 
and anthropological perspectives. Revista de Arqueologia Americana 8:91-115. 
 
Merril, T. 1995. Honduras: A Country Study. Third Edition. Superintendent o f Documents.  
Government Printing Office. 
 
Ministério da Agricultura e Reforma Agrária. 1993. Delineamento macroagroecológico do 
Brasil. Ministério da Agricultura e Reforma Agrária,  Émpresa Brasileira de Pesquisa 
Agropecuária, Servico Nacional de Levantamento e Conservacao de Solos. Scale 1:5,000,000.  
 
Ministério del Ambiente y de los Recursos Naturales Renovables. 1979. Atlas de Venezuela. 2nd 
edition. Direccion de Cartografia Nacional. Caracas, Venezuela. 
 
Moran, E., E. Brondizio, P. Mausel, and Y. Wu. 1994. Deforestation in Amazonia: land use 
change from ground and satellite level perspectives. Bioscience 44(5): 329-338.  
 
Moran, E.F. 1993. Deforestation and land use in the Brazilian Amazon. Human Ecology 21(1): 
1-21.  
 
Mueller-Dombois, D. and H. Ellenberg. 1974. Aims and methods of vegetation ecology. Wiley, 
New York. 
 
Murphy, R.E. 1968. Landforms of the world. Annals of the Association of American 
Geographers 58(1): Map supplement  number 9. 
 
Myers, T.P. 1992. Agricultural limitations of the Amazon in theory and practice. World 
Archaeology 24:82-97. 
 

 43



 

National Geographic Society. 1992. The coexistence of indigenous peoples  and the natural 
environment in Central America. National Geographic Research and Exploration, Map 
supplement. 
 
Odell, P.R. and D.A. Preston. 1973. Economies and Societies in Latin America: a Geographical 
Interpretation. John Wiley and Sons, Ltd. London. 265p. 
 
Parker, T.A., S.A. Parker, and M.A. Plenge. 1982. An annotated checklist of Peruvian birds. 
Buteo Books, Vermillion, SD. 108p. 
 
Parsons, J.J. 1955. The Miskito pine savanna of Nicaragua and Honduras. Annals of the 
Association of American Geographers 45:36-63. 
 
Parsons, J.J. 1975. The changing nature of New World tropical forests since European 
colonization. In: Proceedings, IUCN Conference on The Use of Ecological Guidelines for 
Development in the American Humid Tropics, Caracas, February 1974. IUCN Publications New 
Series No. 31. pp28-38. 
 
Parsons, J.J. 1980. The Europeanization o f the savanna environments of northen South America: 
the Orinoco Llanos and the north coast of Colombia. In: The Human Ecology of Savanna 
Environments. D.R. Harris (ed.). Academic Press, Ltd. London. pp268-289. 
 
Parsons, J.J. 1982. The northern Andean environment. Mountain Research and Development 
2(3):253-262. 
 
Paruelo, J.M., W.K. Lauenroth, H.E. Epstein, I.C. Burke, M.R. Aguiar, and O.E. Sala. 1995. 
Regional climatic similarities in the temperate zones of North and South America. Journal of 
Biogeography 22:915-925. 
 
Penaherrera del Aguila, C. (ed.). 1989.  Atlas del Peru. Ministerio de Defensa, Instituto 
Geografico Nacional, Proyecto Especial Atlas del Peru. Lima, Peru.  
 
Pérez, V.Q. 1983. Mapa fitogeográfico (Chile). Colección Geografía de Chile. Instituto 
Geográfico Militar de Chile. Scale 1:6,000,000. 
 
Por, F.D. 1995. The Pantanal of Mato Grosso (Brazil): World’s Largest Wetlands. Kluwer 
Academic Publishers, Dordrecht, The Netherlands. 122p. 
 
Porter, D.M. 1973. The vegetation of Panama: a review. In: Vegetation and Vegetational History 
of Northern Latin America. A. Graham (ed.). Elsevier Scientific Publishing Company. 
Amsterdam, The Netherlands. pp167-184. 
 
Price, M.D. 1996. The Venezuelan Andes and the geographical imagination. Geographical 
Review 86(3):334-355. 
 

 44



 

Randall, A.C. and F. Bazán. 1970. Formaciones de vegetación natural, cuenca del Rio del Plata. 
Organización de los Estados Americanos. Washington, D.C. Scale 1:3,000,000. 
 
Ratter, J.A., J.F. Ribeiro, and S. Bridgewater. 1997. The Brazilian cerrado vegetation and threats 
to its biodiversity. Annals of Botany 80(3):223-230. 
 
Raven, P.H. 1963. Amphitropical relationships in the floras of North and South America. Quart. 
Rev. Biol. 38:151-177. 
 
Raven, P.H. and D.I. Axelrod. 1975. History of the flora and fauna of Latin America. Amer. Sci. 
63:420-429. 
 
Republica de Bolivia. 1985. Atlas de Bolivia. Ediciones Geomundo, Barcelona.  
 
Republica de Colombia. 1985. Mapa de zonificacion agroecologica. Instituto Geografico 
“Agustin Codazzi” y Instituto Colombiano Agropecuario. Scale 1:500,000. 
 
Republica de Colombia. 1983. Mapa de suelos. Instituto Geografico “Agustin Codazzi”. Scale 
1:500,000. 
 
Republica de Colombia. 1966. Mapa general de bosques. Instituto Geografico “Agustin 
Codazzi”. Scale 1:1,000,000. 
 
Republica de Paraguay. 1985. Uso actual de la tierra, region oriental. Ministerio de Agricultura y 
Ganaderia, Universidad Nacional de Asuncion, Mision Forestal Alemana. Scale 1:500,000. 
 
Republica de Paraguay. 1995. Mapa de ordenamientotorial de la region oriental. Ministerio de 
Agricultura y Ganaderia. Scale 1:500,000. 
 
Rizzini, C.T., and A.F. Coimbra-Filho. 1988. Ecossistemas Brasileiros. Index/Enge-Rio, Rio de 
Janeiro. 200p.  
 
Roberts, R.J. and E.M. Irving. 1957. Geological map of Central America. U.S. Geological 
Survey, Washington, D.C. Scale 1:1,000,000. 
 
Rundel, P., M.O. Dillon, B. Palma, H.A. Mooney, S.L. Gulmon, and J.R. Ehleringer. 1991. The 
phytogeography and ecology of the coastal Atacama and Peruvian deserts. Aliso 13(1): 1-50. 
 
Ryan, J.M. 1970. Area handbook  for Nicaragua. Superintendent of Documents, U.S. 
Government Printing Office. 393p. 
 
Ryan, R.M. 1963. The biotic provinces of Central America: as indicated by mammalian 
distribution. Acta Zoologica Mexicana 6(2-3):1-55. 
 
Sarmiento, G. 1983. The savannas of tropical America. In: Tropical Savannas, Ecosystems of the 
World 13. Elsevier, Amsterdam. p.245-288. 

 45



 

 
Sauer, C.O. 1950. Geography of South America. In: Handbook of South American Indians. J.H. 
Steward (ed.). Smithsonian Institution Bureau of American Ethnology, Bulletin 143. pp.319-344. 
 
Schmaltz, J. 1991. Deciduous forests of southern South America. In: Temperate Deciduous 
Forests, Ecosystems of the World 7. E. Rohrig and B. Ulrich (eds.). Elsevier, Amsterdam. 
 
Schroeder, Paul E. 1996. A carbon budget for Brazil: influence of future land use change.  
Climatic Change 33:369-383. 
 
Schwabe, G.H. 1968. Towards an ecological characterisation of the South American continent. 
In: Biogeography and Ecology in South America. E.J. Fittkau, J. Illies, H. Klinge, G.H. 
Schwabe, and H. Sioli (eds.). Monographiae Biologicae 18. Dr.W. Junk N.V. Publishers, The 
Hague. pp.113-135. 
 
Sick, H. 1993. Birds in Brazil: A Natural History. Princeton University Press, Princeton, NJ. 
703p. 
 
Sick, W. 1969. Geographical substance. In: Biogeography and Ecology in South America. 
Volume 2. E.J. Fittkau, J. Illies, H. Klinge, G.H. Schwabe, and H. Sioli (eds). Monographiae 
Biologicae 19. Dr.W. Junk N.V. Publishers, The Hague. pp.449-474. 
 
Sioli, H. (ed.). 1984. The Amazon: Limnology and Landscape Ecology of a Mighty Tropical 
River and its Basin.  W.Junk. The Hague, Netherlands. 763p. 
 
Sippel, S.J., S.K. Hamilton, J.M. Melack, and B.J. Choudhury. 1994. Determination of 
inundation area in the Amazon River floodplain using the SMMR 37 Ghz polarization 
difference. Remote Sensing of the Environment 48:70-76. 
 
Skole, D.L., and C. Tucker. 1993. Tropical deforestation and habitat fragmentation in the 
Amazon: Satellite data from 1978 to 1988. Science 260: 1905-1910. 
 
Smith, G-H. 1935. Physiographic diagram of South America. The Geographical Press, Columbia 
University, New York. 8p.+map. 
 
Solbrig, O.T. 1972. The floristic disjunction between the “monte” in Argentina and the “Sonoran 
desert” in Mexico and the United States. Ann.Mo.Bot.Gard. 59:218-223. 
 
Soriano, A., and twelve others. 1983. Deserts and semi-deserts of Patagonia. In: Temperate 
Deserts and Semi-Deserts, Ecosystems of the World 5. N.E. West (ed.). Elsevier, Amsterdam. 
pp.423-460.  
 
Soriano, A., and eight others. 1992. Río de la Plata grasslands. In: Natural Grasslands, 
Introduction and Western Hemisphere, Ecosystems of the World 8A. R.T. Coupland (ed.). 
Elsevier, Amsterdam. pp.367-407.  
 

 46



 

Standley, P.C. and J.A. Steyermark. 1958. Flora of Guatemala. Fieldiana: Botany 24(1):1-478. 
 
Stuart, L.C. 1964. Fauna of Middle America. In: Handbook of Middle American Indians, 
Volume 1, Natural Environment and Early Cultures, R.C. West (ed.). University of Texas Press, 
Austin. pp.316-362. 
 
Taylor, B.W. 1963. An outline of the vegetation of Nicaragua. Journal of Ecology 51:27-54.  
 
Tosi, J.A., Jr. 1958. Mapa ecologico del Peru. Instituto Interamericano de Ciencias Agricolas de 
la OEA, Zona Andina, Lima, Peru. 
 
Tosi, J.A., Jr. 1960. Zonas de vida natural en el Peru; memoria explicativa sobre el mapa 
ecologico del Peru. Boletin Tecnico No.5, Instituto Interamericano de Ciencias Agricolas de la 
OEA, Zona Andina, Lima, Peru.. 271p. 
 
Tosi, J.A., Jr. 1964. Climatic control of terrestrial ecosystems: a report on the Holdridge model. 
Economic Geography 40(3):189-205. 
 
Tosi, J.A., Jr. 1969. Mapa ecologico, Republica de Costa Rica. Centro Cientifico Tropical, San 
Jose. Map Scale 1:750,000. 
 
Tosi, J.A., Jr. and G. Hartshorn. 1978. Mapa ecologico de El Salvador. MAG y CATIE, San 
Salvador. 
 
Tosi, J.A., Jr., E. Montenegro, L.S. Espinal. 1962. Republica de Colombia, Mapa Ecologico. 
Instituto Geografico “Agustin Codazzi” Departamento Agrologico, Colombia. Scale 
1:1,000,000. 4 Sheets. 
 
Troll, C. (ed.). 1968. Geo-ecology of the mountainous regions of the tropical Americas. Ferd. 
Dummlers Verlag, Bonn. 223p. 
 
Tuhkanen, S. 1992. The climate of Tierra del Fuego from a vegetation geographical point of 
view and its ecoclimatic counterparts elsewhere. Acta Botanica Fennica 145:1-64. 
 
Uhl, C., O. Bezerra, and A. Martini. 1993. An ecosystem perspective on threats to biodiversity in 
eastern Amazonia, Para state.  In: Perspectives on Biodiversity: Case Studies of Genetic 
Resource Conservation and Development. C. Potte and D. Janczewski (eds.).  AAAS Press, 
Washington, D.C. pp. 213-231.  
 
United Nations Environment Programme. 1992. World atlas of desertification. Edward Arnold, 
London. 69p. 
 
UNESCO. 1980. Vegetation map of South America. UNESCO and Institut de la Carte 
Internationale de Tapis Vegetal. Toulouse, France. Scale 1:5,000,000. 
 

 47



 

Unstead, J.F. and E..R. Taylor (eds.). 1966. South America Natural Vegetation. George Philip 
and Son. London. Scale 1:9,000,000.  
 
Van Royen, W. 1954. The Agricultural Resources of the World. Volume 1. Atlas of the World’s 
Resources. Prentice-Hall, Inc. New York.  
 
Veblen, T.T., C. Donoso, T. Kitzberger, and A.J. Rebertus. 1996. Ecology of southern Chilean 
and southern Argentinian Nothofagus  forests. In: Ecology and biogeography of Nothofagus  
forests. T.T. Veblen, R.S. Hill, and J. Read (eds.). Yale University Press, New Haven, CT. pp 
293-353. 
 
Veblen, T.T. 1976. The urgent need for forest conservation in highland Guatemala. Biological 
Conservation 9:141-154. 
 
Veblen, T.T., T. Kitzberger, and A. Lara. 1992. Disturbance and vegetation dynamics along a 
transect from rain forest to Patagonian shrublands. Journal of Vegetation Science 3:507-520. 
 
Veblen, T.T., F.M. Schlegel, and J.V. Oltremari. 1983. Temperate broad-leaved evergreen forest 
of South America. In: Temperate Broad-Leaved Evergreen Forests, Ecosystems of the World 10. 
J.D. Ovington (ed.). Elsevier, Amsterdam. 
 
Venezuela Direccion de Cartografia Nacional. 1979. Atlas de Venezeula. Ministerio del 
Ambiente y de los Recursos Naturales Renovables, Direccion General de Informacion e 
Investigacion del 
Ambiente, Direccion de Cartografia Nacional, Caracas, Venezuela. 331p. 
 
Venezuela Dirección de Suelos, Vegetación y Fauna. Atlas de la Vegetación de Venezuela. 
1985. República de Venezuela, Ministerio del Ambiente y de los Recursosos Naturales 
Renovables Dirección General de Información e Investigación del Ambiente, Dirección de 
Suelos, Vegetación y Fauna, División de Vegetación. Caracas, Venezuela. 109p. 
 
Vivo, J.A. 1943. Los limites biogeograficos in America y la zona cultural mesoamericana. 
Rev.Geogr.3:109-131 
 
Wagner, P.L. 1964. Natural vegetation of Middle America. In: Handbook of Middle American 
Indians. Volume 1, Natural Environment and Early Cultures, R.C. West (ed.). University of 
Texas Press, Austin, TX. pp.216-264. 
 
Waibel, L. 1943. Place names as an aid in the reconstruction of the original vegetation of Cuba. 
Geographical Review 33:376-396.  
 
Waibel, L. 1948. Vegetation and land use in the Planalto Central of Brazil. Geographical Review 
38:529-554. 
 
Webb, K.E. 1974. The changing face of northeast Brazil. Columbia University Press, New York. 
205p. 

 48



 

 
West, R.C. 1964. Surface configuration and associated geology of Middle America. In: 
Handbook of Middle American Indians, Volume 1, Natural Environment and Early Cultures, 
R.C. West (ed.). University of Texas Press, Austin. pp.33-83. 
 
West, R.C. 1964. The natural regions of Middle America. In: Handbook of Middle American 
Indians, Volume 1, Natural Environment and Early Cultures, R.C. West (ed.). University of 
Texas Press, Austin. pp.363-383. 
 
Weyl, R. 1980. Geology of Central America. Gebruder Borntraeger, Berlin. 
 
Whetten, N.L. 1961. Guatemala: The Land and the People. Yale University Press, New Haven, 
CT. 399p. 
 
Wilcox, B.A. and K.N. Duin. 1995. Indigenous cultural diversity and biological diversity: 
Overlapping values of Latin American ecoregions. Cultural Survival Quarterly (Winter). 

 49


