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     Introduction to Volume 8

  This volume, titled  Th e Americas and Oceania: Assessing 
Sustainability , is the second of three regional volumes 

of the  Encyclopedia of Sustainability . (Volume 7 focuses 
on China, India, and East and Southeast Asia; Volume 9 
deals with Africa and Eurasia.) Th e regional volumes have 
a particular focus on the assessment of sustainability in 
each of these regions, which allows the reader to under-
stand the variability of sustainability at a regional scale. 
Th is volume has a range of important articles—from the 
general to the specifi c in both topical and geographic 
terms. Th is volume also represents a very interdisciplinary 
take on sustainability with entries written by natural 
 scientists, social scientists, philosophers, and humanists. 

 From the Earth Summit to Rio 1 20 
 Th e United Nations promoted the concept of sustain-
able development beginning in the 1980s as a way to 
address the dual crises of environmental degradation 
and persistent poverty in the developing world. In 1983 
the United Nations convened the World Commission 
on Environment and Development, commonly referred 
to as the Brundtland Commission. Its 1987 report,  Our 
Common Future , laid out a series of global challenges 
including uneven growth, food insecurity, species decline, 
and energy and resource depletion, and put forward a 
model of sustainable development as the solution. Th e 
Brundtland report’s defi nition of sustainable develop-
ment, “development that meets the needs of the present 
without compromising the ability of future generations 
to meet their own needs,” remains the standard defi nition 
today. 

 Th e 1992 United Nations Conference on Environment 
and Development in Rio de Janeiro, Brazil (commonly 
known as the Earth Summit), built upon the work of 
the Brundtland Commission, further establishing con-
crete mechanisms to achieve sustainable development. 

Additionally, the conference produced the nonbinding 
Rio Declaration on Environment and Development, 
which put forth the twenty-seven principles, known as 
the Rio Principles, intended to guide future sustainable 
development. Th e Earth Summit succeeded in changing 
the discussion around environmental issues from gov-
ernment regulation to market provision of sustainable 
growth. Th e Rio Declaration, in large part, has made 
sustainability the dominant environmental discourse of 
recent decades. Yet, the outcomes of the Earth Summit 
and the sustainable development model in general for bio-
diversity conservation and environmental protection have 
been mixed. In this volume, Sandy Irvine’s article, “Rio 
Earth Summit,” does an excellent job of documenting and 
discussing this mixed record. 

 In 2012 we are celebrating the twentieth anniver-
sary of the Earth Summit and the Rio Principles. It is, 
therefore, no coincidence that these fi nal volumes of the 
Berkshire Encyclopedia of Sustainability  are being published 
at this precise historical moment—to commemorate 
the Earth Summit and celebrate Rio 1 20, the United 
Nations Conference on Sustainable Development that 
took place in Rio de Janeiro, Brazil, in June of 2012. Th is 
conference—like its namesake the 1992 Earth Summit—
brought together representatives of governments around 
the world (including heads of state) along with interna-
tional institutions, organizations, researchers, and members 
of civil society to develop strategies for advancing poverty 
reduction and sustainability. 

 Th e original Earth Summit was vaguer than Rio 1 20 
in the way it conceived sustainable development. Where 
the original Earth Summit was focused on conceptually 
linking environmental stewardship and economic growth 
more generally, Rio 1 20 specifi cally focused on honing 
and reaching consensus around strategies of the so-
called green economy to stem the tide of climate change. 
Th e United Nations identifi ed seven critical axes that 



made up the focus of the Rio 1 20 meetings: jobs, energy, 
cities, food, water, oceans, and disasters. Th e model of 
the green economy—economic revitalization through 
transforming our energy, waste management, and trans-
portation infrastructures—is a set of ideas that captures 
the spirit of the original Rio Principles but with much 
more coherence and specifi city. Further, where the origi-
nal conference was focused on environmental issues more 
broadly, Rio 1 20 focused more specifi cally on the urgent 
issue of global climate change. Because the emphasis of 
these meetings was more specifi c, and because climate 
change is such an urgent and salient issue today, there 
was hope that Rio 1 20 would produce concrete and bind-
ing resolutions that would bring us closer to the elusive 
goal of sustainable development. Unfortunately, though, 
this does not appear to have happened. Although it is too 
soon to judge the long-term outcome of Rio 1 20, many 
commentators seem to be of the opinion that the meeting 
had low expectations for any real change in global climate 
change governance, and that even these low expectations 
were not met; the consensus on the meeting’s legacy 
appears to be that the major changes in environmental 
behavior that the world desperately needs must be made 
fi rst by individuals and groups, rather than waiting for 
governments to act. 

 Rio de Janeiro (Rio), Brazil’s second-largest and best-
known city, was a fi tting site for this meeting, as it was 
for the original Earth Summit in 1992. Rio is located 
in an ecologically important stretch of Atlantic rain for-
est, a global biodiversity hotspot. In addition, Rio is 
a massive, industrial city with sprawling slums ( fave-
las ) ringing the urban core. Being both a biodiversity 
hotspot and a source of a great deal of contamination 
and ecosystem degradation made Rio an ideal site, both 
symbolically and practically, for this conference. Rio 
represents the contradictions of development and is a 
place where sustainability must be worked out and put 
in place. Further, under Brazilian President Luiz Inácio 
Lula da Silva (in offi  ce from 2003–2010), cash transfer 
programs and social policies helping the poor succeeded 
in dramatically reducing inequality during a period of 
high economic growth (Seidman 2010). Achieving eco-
nomic growth and economic justice simultaneously has 
been a rare outcome throughout modern world history. 
Th erefore, Brazil serves as a symbol of growth with 
justice and was thus further appropriate as a site for 
Rio 1 20. In this volume, Colin Crawford’s article, “Rio 
de Janeiro,” captures many of these complex issues in 
great detail. 

 Toward  Developing Sustainability  
 Th e Rio 1 20 United Nations Conference on Sustainable 
Development, like its predecessors, made it clear that the 
emphasis in the term  sustainable development  is on the noun, 
 development , and that  sustainability  is relegated to adjec-
tive status. Th is focus has changed little since the original 
Rio Principles stated, “Human beings are at the center of 
concerns for sustainable development.” Terminology used 
throughout the original Rio Declaration—“production, 
exploitation, technology, and free trade”—underscored 
the intent of the doctrine to address environmental ills 
as spillovers of advocating economic growth. Th e Earth 
Summit took the position that both poverty and wealth 
were leading causes of environmental degradation, and 
therefore framed economic growth itself as a solution to 
environmental ills as well as a cause. As the Rio Principles 
suggest, sustainable development is a model in which 
environmental stewardship and economic growth are 
understood not simply as complementary but as code-
pendent. One cannot exist without the other. 

 Because sustainable development treats economic 
growth and environmental stewardship as correlated, it 
has wide appeal across the political and geographic spec-
trums. Further, since  sustainable  is used widely to apply 
to a broad range of institutions, the meaning has become 
so diluted as to be virtually meaningless. Th e win-win 
framing of sustainable development, as well as its defi ni-
tional ambiguity, has imbued sustainability with a near-
universal appeal. As the sociologists Craig Humphrey, 
Tammy Lewis, and Frederick Buttel (2002, 224) point 
out, no politician has ever come out in favor of “unsus-
tainable development.” 

 Regarding the definitional problem, economist 
Herman Daly (1996, 2003) has pointed out that it is 
unclear what exactly is being sustained in discussions 
about sustainability. Is it the economic growth that we 
are sustaining or is it the Earth’s stocks of biophysical 
resources? Daly calls the former of these interpretations 
 the utility defi nition,  and the latter  the throughput defi ni-
tion . Th e utility defi nition suggests that the happiness 
of future generations is to be non-declining. Th is is the 
common defi nition bequeathed by Brundtland, Rio, 
and subsequent conferences. Daly’s favored defi nition, 
the throughput defi nition, takes nature as its focal point 
rather than human society. Th e throughout defi nition 
holds that resource inputs into economic production be 
returned to nature’s resource stocks in the same propor-
tions in which they are extracted. 
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 Following the throughput defi nition, then, is human 
society practicing sustainability? Regrettably, we haven’t 
been converting proportional amounts of outputs into 
inputs (throughput) since the late 1970s. In 1961, human 
society was consuming approximately half of what the 
Earth could provide in terms of energy and material 
resources, but we crossed the sustainability threshold in 
the late 1970s. By 2010, human civilization was consum-
ing approximately one and a half times what the Earth 
could sustainably supply. We are drawing down nature’s 
stocks 50 percent faster than they can be replenished, and 
this pattern is intensifying every year (Ewing et al. 2010). 

 In light of our wildly unsustainable current rate 
of resource consumption, we must move beyond the 
Brundtland utility defi nition. We must shift the focus 
away from the phrase  sustainable development —where  sus-
tainable  merely modifi es the noun  development —to a focus 
on  developing sustainability , where  sustainability  itself 
becomes the operative noun. Many hoped that Rio 1 20 
would have taken such a revised conceptual framework 
seriously, although (admittedly) this would have been dif-
fi cult to accomplish at a conference designed for broad 
appeal and intended to achieve consensus among the 
world’s diverse heads of state. As Sandy Irvine high-
lights in the article titled “Rio Earth Summit” in this 
volume, neither the original Earth Summit nor Rio 1 20 
were focused on reducing consumption as a centerpiece 
of the agenda. 

 The Value of This Volume 
 Nowhere are questions of sustainability more acute and 
salient than in Latin America and Oceania—the two 
regions with the greatest stocks of biological capacity 
remaining in the world. Australia and South America, 
together with Canada, comprise the densest concen-
trations of biological capacity. Yet Australia—like the 
United States, Canada, and Scandinavia—has one of the 
largest per capita ecological footprints in the world. Th is 
means that Australia, with very high levels of biocapac-
ity and a deep ecological footprint, is a crucial nexus for 
reversing global patterns of unsustainable consumption. 
Oceania overall, despite its tremendous biocapacity, has 
a per capita ecological footprint of more than double 
the global average, a majority of which is contributed by 
Australia (Ewing et al. 2010). 

 In Latin America, biocapacity is high relative to its 
levels of consumption. As a region, residents of Latin 
America are below the global average per capita ecological 

footprint, although this varies greatly by nation. Haiti 
has the smallest per capita footprint in the region, and 
Paraguay has the largest. To a large extent, the consider-
able biocapacity of Brazil, Argentina, Uruguay, Paraguay, 
and Bolivia compensate for high levels of consumption 
in the region, maintaining Latin America as “by far 
the largest regional ecological remainder in the world” 
(Ewing et al. 2010, 64). 

 Despite Latin America’s high concentrations of biomass, 
the region faces severe environmental issues. Th e glaciers 
in Chilean and Argentine Patagonia are thinning at a 
dramatic rate. Glacial melt from Patagonia alone, over the 
past half century, has contributed approximately 10 per-
cent to the total increase in the sea level from mountain 
glacier melt (Glasser, Harrison, Jansson, Anderson, and 
Cowley 2011). 

 Th e Amazon rain forest is giving way to monocultures 
of soy beans and natural gas fi elds at an exponential pace, 
diminishing biodiversity and emitting a great deal of car-
bon. As infrastructure in the Amazon improves, more and 
more of the rainforest is being cleared for soy production. 
Brazilian soy production exploded in the 1990s and has 
been increasing exponentially since. In 2006, Brazilian 
exports outpaced US exports for the fi rst time in history 
with a record 26.1 million metric tons as compared to US 
exports of only 24.8 million metric tons (USDA 2006). 

 Further, the so-called political turn to the left in Latin 
America in the fi rst decade of the twenty-fi rst century 
has not meant greater environmental protections for this 
vulnerable region. Extractive industries—mining and 
petroleum—continue to expand in the region under weak 
regulatory institutions. Matthew D. Himley’s article, 
“Mining (Th e Andes),” in this volume discusses this in 
detail as does Erkan Topal and Diarmid (Dinty) Mather’s 
entry, “Mining (Australia).” For these and many other 
reasons, assessing sustainability in the Americas is crucial 
at this particular historical moment. 

 Th e economies of Oceania range from advanced indus-
trial world leaders like Australia, to traditional smallholder 
agricultural economies on many small islands. Agriculture 
is a small part of the overall economy of the region but 
accounts for the majority of foreign exchange earnings. 
Agriculture is more important on smaller islands such as 
Vanuatu and Fiji. Across Oceania, the largest economic 
sector is service, owing to the large tourism industry. 

 Glacial melt from Patagonia links sustainability con-
cerns in Latin America with Oceania in visceral ways 
that highlight the global dimensions of the climate crisis. 
Smaller islands in the Pacifi c Ocean are losing surface 
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area at an alarming rate as a result of sea level rise, yield-
ing the world’s fi rst climate-change refugees and serving 
as symbols of the urgency of addressing greenhouse gas 
emissions. Between 1979 and 2008 the average global rate 
of coastline erosion has increased by 300 percent. Because 
of their unique position as the world’s fi rst climate change 
refugees, the governments and civil society in many parts 
of Oceania are on the cutting edge of climate change 
activism. As of 2009, for example, Fiji derived 66 per-
cent of its energy from renewable sources (Bohane 2009). 

 Not only are many islands in Oceania losing surface 
area, but the encroachment of the sea salinizes agricul-
tural land, making farming more diffi  cult, forcing resi-
dents to change their traditional diets, and creating new 
dependencies on foreign food aid. Further, neighboring 
areas must absorb these refugees, creating fi scal stress for 
local governments and generating social confl ict. In this 
volume, C. Michael Hall’s “Small Island States” explores 
this phenomenon of sea level rise in Oceania as part of a 
larger discussion of small island ecosystems and the par-
ticular sustainability challenges these small island nations 
face. In many parts of Oceania, non-Western cosmologies 
are still strong but are increasingly threatened by displace-
ment and social change wrought by climate change. James 
D. Sellmann and Robert Andreas have an article in this 
volume titled “Pacifi c Island Environmental Philosophy,” 
which provides a well-informed and elegant discussion of 
this issue, among many other topics. 

 In addition to their connection via sea level rise, both 
Latin America and Oceania are home to a variety of 
indigenous peoples and minority ethnic groups that bear 
disproportionate amounts of the global environmental 
burden. More frequent and more intense droughts (as well 
as the increased frequency of tropical cyclones and their 
associated devastating eff ects) impact subsistence farm-
ers disproportionately, and indigenous and remote rural 
settlements are increasingly being asked to absorb waste-
treatment facilities, extractive projects, and hydroelectric 
dams that transform the landscape and take a toll on tra-
ditional social relations. 

 About This Volume 
 Th ese regional volumes of the  Berkshire Encyclopedia of 
Sustainability  series are additionally important because 
they serve to highlight the fact that human civilization’s 
unsustainable rates of growth do not impact all regions 
and all countries evenly. In fact, one of the great trage-
dies of advanced global capitalism is that those countries 

with the smallest ecological footprints often face the costs 
of unsustainability most acutely. Parts of Latin America 
and Oceania, in particular, face new challenges wrought 
by overconsumption in the wealthy countries of Europe, 
North America, and parts of Asia. 

 Th ese regional volumes also are important because of 
their emphasis on assessment. As discussed above, there is 
no defi nitional consensus for sustainability. Th e meaning 
of the term varies widely depending on the intentions of 
the speaker. For this reason, sustainability is diffi  cult to 
assess and even harder to measure. Th ese volumes lead us 
incrementally toward those elusive goals of a consensual 
defi nition of sustainability and a standard for assessment. 

 In this volume we have included a wide range of 
country-specifi c articles as well as many more general 
topical articles that span the focal regions. Th ere are a rich 
series of pieces herein dealing with the environmental 
history of key countries and subregions within the geo-
graphic compass of this volume. We have also included 
a number of articles on key geologic and hydrogeologic 
resources within the scope of this volume. For North 
America, we have provided articles on the Chesapeake 
Bay—the world’s largest estuary—the Mississippi and 
Missouri Rivers, the Appalachian Mountains, and the 
Great Lakes, among others. Regarding Latin America, 
we have articles on the Andes Mountains, the Southern 
Cone (the southern tip of the continent), and the Amazon 
River, among others. Regarding Oceania, articles such 
as that on the Murray-Darling Basin and those on the 
environmental histories of Australia, New Zealand, and 
Oceania in general, highlight key focuses of regional 
sustainability. Th is volume also off ers a series of excel-
lent articles on urban sustainability in major urban cen-
ters within the target region—from New York City and 
Detroit, to Guatemala City and Bogotá, to Vancouver, 
Sydney, and Auckland. Finally, the volume also off ers a 
variety of more general articles on sustainability issues 
as wide-ranging as fair trade, rural development, gender 
equality, and parks and protected areas. 

 We have sought to strike a balance between the geo-
graphically specifi c and topically broad in this volume, 
yet no single volume encompassing such a wide swath of 
world geography can be entirely comprehensive. Th ere are 
inevitable omissions in our coverage here, but the geo-
graphic range, the cross-cutting focuses on urban and 
rural issues, the transdisciplinarity, and the combination 
of specifi c and general topics provides a useful reference 
guide for understanding and assessing sustainability in 
the Americas and Oceania. 
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  Agriculture, Tropical 
(the Americas) 

 Diversity is the key word to describe agriculture in tropical 
America. The ever-changing climate, the varied natural 
and human geography, increased urbanization, and new 
consumption patterns give rise to diff erent types of 
agriculture, which often coexist in the same territories. 
There are about 15 million farms and over 100,000 small- 
to medium-sized agriculture-related enterprises. Strong 
agricultural growth is closely related to export markets.  

 Altitude, soils, rainfall, temperature, winds, natural 
vegetation, and human factors such as population 

density, proximity of cities, infrastructure, income, and 
market demands determine the presence and the practice 
of extremely diff erent types of agriculture in what is often 
referred to as the Americas tropical belt, an area between 
23.58 N (the Tropic of Cancer) and 23.58 S (the Tropic 
of Capricorn). Th is area encompasses the lower half of 
Mexico, the Caribbean, Central America, and the top 
half of South America, ending at the bottom of Bolivia 
and Brazil. Th e region possesses important resources, 
particularly abundant freshwater and good soils, which 
off er comparative and competitive advantages for the 
future; however, some resources are also threatened and 
need to be better protected in order to assure long-term 
sustainability. A signifi cant regional tendency is the shift, 
particularly in those countries where income is higher, 
toward a more diversifi ed diet (more animal protein and 
more fruits and vegetables). Th is tendency has important 
implications for the way food production and markets 
will be organized and carried out in the future.  

 Th e relative importance of agriculture in tropical 
America, when compared to other economic activities 
in terms of the gross domestic product, has decreased since 
the 1980s. Despite this fact and according to the Inter-
American Institute for Cooperation in Agriculture (IICA), 

if forward and backward linkages (input manufacturing, 
product transformation, value added, packaging, and 
transport) are considered, the weight of agriculture in 
the total economy of some countries could reach up to 
30 percent (IICA 2007). Th ere is no consensus on how 
to classify agriculture in tropical America; however, for 
practical purposes a relatively straightforward classifi ca-
tion, with subcategories and specifi c characteristics, is 
off ered below. 

 Market-Oriented High-Input 
Agriculture  

 High-input agriculture—involving large inputs of water, 
fertilizers, and pesticides—is common practice in crops 
and animals intended for high-end markets, including 
vegetables for export (asparagus, snap beans, paprika, 
mini-vegetables), fruits (avocado, mango, melon, pine-
apple, and others), nuts (macadamia), ornamentals, 
aquaculture (fi sh and crustaceans produced in fresh or 
brackish water), nutraceuticals (plants that provide 
components with health benefi ts), and forest products 
(teakwood and others). Additionally, production of coca 
leaves, intended for drug manufacturing or legal indige-
nous traditional consumption (by chewing) in the South 
American Andes, occupy approximately 0.1 percent of 
arable land.  

 Th e areas used for high-input agriculture may be large 
or small, but they show common characteristics: resource 
use (water, fertilizers, or agrochemicals) and labor are high-
intensity, and production and post-harvest technologies 
are imported or are developed and adapted locally by com-
panies. Th e main objective is to satisfy national or interna-
tional markets. Risks are high (pests, diseases, transport 
losses, market price fl uctuations), but also incomes are high 
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Central American countries—that includes crops, ani-
mals, and trees in various time and space combinations. 
Th ey have shown signifi cant advantages in terms of opti-
mizing resource use and in terms of better protecting the 
natural resource base. Common arrangements include 
trees and pastures that allow cattle to grow and develop 
while tree growth is enhanced by the addition of manure. 
Also, the combination of crops in the early stage of tree 
development brings mutual benefi ts (nitrogen fi xation, 
water use, pest and disease tolerance) to the various spe-
cies. Some ASP, particularly those based in coff ee and 
cacao associated with shade trees, tends to be permanent, 
often lasting thirty to fi fty years. 

 Other advantages of ASP include the diversifi cation of 
income and the time and spatial distribution of labor 
throughout the year; in essence ASP tends to be less 
risky than single crop or single animal production sys-
tems. Additionally, ASP may be part of national eff orts 
to enhance environmental services and initiatives to 
promote agritourism. 

 Family Agriculture 

 In terms of the number of people involved, family agri-
culture is the predominant type of exploitation found 
in tropical America. It continues to be so, despite the 
increasing importance of other economic activities and 
the intensity and impact of world trade. Family agricul-
ture is not easily defi ned; however, it is easily recognized. 
Of the diff erent categories and defi nitions available, a 
number of common elements are shared by family agri-
culture: all or most of the labor required in the farm is 
provided by the family; the farms are often located in 
marginal lands (on slopes, with poor soils, having inad-
equate infrastructure and services); the use of outside 
inputs is limited or nonexistent; signifi cant amounts of 
the goods produced are consumed by family members; 
poverty and vulnerability runs high, particularly in those 
cases where access to markets is severely limited; and 
family agriculture tends to be highly diversifi ed in terms 
of the number of species grown or maintained and the 
prevalence of a variety of domestic animals.  

 Family agriculture falls generally into three categories: 
subsistence, transitional, and consolidated. At the subsis-
tence level, it often involves the poorest of the poor, fami-
lies with insecure land tenure for whom agriculture may 
be only a part-time activity and a partial source of income 
and nutrition. Additional income, if available, is found off  
farm as hired labor or in nonfarm work. People involved 
in subsistence farming are highly vulnerable and often 
require assistance from government-supported programs. 
Th is type of agriculture includes the well-known practice 
of slash and burn, whereby a piece of forested land is 
burned to make room for crops, also taking advantage of 

when everything goes well. Finally, due to the intensity of 
resource use, the pollution of natural resources such as soil 
and water can be signifi cant and may require constant 
monitoring and remediation practices. 

 Th ere are several activities and fi elds of interest for 
high-input agriculture practitioners: value added, food 
safety, quality control, nutritive value, optimization of 
resource use, certifi cation, market information, and well-
managed value chains.  

 Traditional Commercial Agriculture  

 Before the substantial agricultural diversifi cation under-
taken by most tropical countries in the last decades of the 
twentieth century, a few commodities were the mainstays 
and key sources of income and employment for the rural 
sector, especially the growing of bananas, cacao, coff ee, 
cotton, sugarcane, and beef production. Th ese are still 
important but have lost ground to other economic activi-
ties and to the highly diverse products of market-oriented 
high-input agriculture.  

 Traditional commercial agriculture is, in general, 
undertaken in large areas of land and involves signifi cant 
numbers of individuals and families. Th e term  traditional 
commercial  is more appropriate than  plantation  agriculture 
because beef production and crops such as coff ee or cot-
ton can also be found in medium-scale holdings, not just 
large plantations, throughout the American tropics. 

 Production technology in traditional commercial agri-
culture can be the responsibility of national research pro-
grams or, as is often the case, is conducted by private 
companies or producers’ associations that contribute an 
agreed tax on production or export volumes to support 
their own research and development. Technological 
inputs can be very intensive, as in the case of bananas, or 
it can be more environmentally friendly, as it is for shaded 
coff ee and cacao, which are planted with other species in 
succession systems. Beef production, while critically 
important as a source of income and nutrition, has been 
controversial and often associated with deforestation, 
essentially the clearing of forested land in order to 
respond to market demands for beef. 

 Similarly to market-oriented high-input agriculture, 
traditional commercial agriculture attempts to better 
position itself in world markets by such initiatives as 
brand recognition, certifi cates of origin, food safety, 
environmental safeguards, and value added. 

 Agro-Silvo-Pastoral Systems 

 Although agro-silvo-pastoral (ASP) systems have existed 
since the early times of agriculture, they are a relatively 
newly recognized agricultural category—for example, in 
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small share of national growth, even though several 
subsectors have sustained spectacular growth, for exam-
ple soybeans in Brazil, rice in Peru, and vegetables in 
Guatemala. Th e report described key structural features 
of the region, in particular, the supermarket revolution 
(higher incomes and rapid urbanization have increased 
the demand for higher-value products); the stubbornly 
high rural poverty and inequality; and the overall weak 
governance of public organizations. Th e agenda set forth 
by the World Development Report for urbanized coun-
tries supports and promotes the inclusion of small-
holders in the new food markets, enhancing productivity 
in subsistence agriculture, and following a territorial 
approach to promote the rural nonfarm economy and 

enhance skills to give access to jobs and invest-
ment opportunities. 

 In a 2010 paper, Bernard Hubert, 
senior scientist at the National 
Institute for Agricultural Research, 
and his colleagues predicted stable 
economic growth rates (3.5–4.5 per-
cent per year on average) for Latin 

America and the Caribbean through 
the early twenty-first century. The 

region will therefore experience a 
signifi cant increase in daily per 
capita   calorie consumption 
and decline in child malnutri-
tion by 2050. Meat exports 
will increase, whereas average 
grain yield growth will be 
slightly up (1.25 percent   per 

year), and total cereal areas will 
grow by 9 percent. In 2050, 

however, about one hectare of 
land will be needed to feed one 

person (compared to 0.7 and 0.5 in 
2000 and 1965, respectively). Hence, 

sustainable intensifi cation of agro-
ecosystems leading to higher productivity 

will be required to meet the increasing demands for 
food, feed, fi ber, and fuel, particularly in Mesoamerica 
and the South American Andes, where climate change 
will negatively aff ect food output and quality due to a 
higher occurrence of extreme events such as droughts 
and f loods. Diversif ication with high-value crops 
should also enhance farmers’ income, generating new 
jobs both in rural and urban areas, improving the long-
term sustainability and profi tability of agro-ecosystems. 
Agro-biotechnology is expected to contribute sustain-
ably to the agriculture of this region by conserving agro-
biodiversity, reducing pesticide use, and improving 
competitiveness by lowering farming and processing 
costs. Innovations in agriculture should provide solutions 

higher soil fertility present after burning trees and 
shrubs; once the land loses its initial fertility, it is left 
fallow for several years before it can be used again. Slash 
and burn, as a production system, is not capable of pro-
viding sustenance to large populations, not productively 
sustainable over time, and often results in serious nega-
tive impacts to the environment.  

 Family agriculture at the transitional level constitutes 
an intermediate category where families are relatively bet-
ter off  in terms of availability of services and infrastruc-
ture, are able to grow most of what is consumed by family 
members, and may be able to sell part of the produce in 
local markets, securing some income to fulfi ll other fam-
ily needs. In this category, land titles are often available, 
which provides security and, if needed, limited access to 
credit. As in the case of subsistence agriculture 
the level of diversifi cation is high regarding 
the number of crops, trees, and animal 
species present in the farm. For example, 
in the South American Andes, potato, 
quinoa, cereals such as barley, maize, 
and wheat, and some pulses such as 
broad beans, lupins, and peas, are 
very important for food security, 
and any harvest surplus may pro-
vide extra income. Also, raising 
livestock such as llamas and 
alpacas and dairy production 
are helping to build assets for 
small rural businesses and pro-
vide a major source of income for 
farming households. 

 Families in the consolidated cate-
gory of family agriculture normally 
have better or secured access to mar-
kets; may need to hire one or a few 
outside workers at peak times in order 
to fulfi ll planting, harvesting, or pro-
cessing needs; and enjoy better infrastructure 
and services. Th ese farms, while still diversifi ed, tend 
to  specialize in one or two products with market 
demand—such as grains, fruits, vegetables, beef, or 
 coff ee—that are the leading sources of family income. 
Th e use of outside inputs and improved technologies 
and cultivars is much more common. Income security is 
signifi cantly higher in this condition, and families are 
less vulnerable. 

 Going Forward 

 According to the World Development Report (World 
Bank 2007), Latin America and the Caribbean is now 
an urbanized region, where agriculture accounts for a 
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to farmers and the agricultural industry and respond to 
social requirements of end users. Enabling policies, 
secure land rights, output markets, sharing new knowl-
edge and technology with farmers, and public–private 
partnerships will be among the various factors needing 
attention in order to succeed in the short and long terms.  

 In sum, while tropical agriculture in the Americas faces 
important challenges, the region is well positioned not 
only to feed its future population but also to contribute 
surplus food production to the rest of the world. Th e 
astonishing diversity of environments and ecosystems 
found in Mesoamerica and South America, as well as the 
abundance of freshwater and relatively good soils point to 
a bright future, provided good stewardship of natural 
resources becomes the norm, and suffi  cient resources for 
infrastructure, services, and research and development are 
consistently invested now and in the future. 

 Nicolás MATEO 
 Agronomist, San José, Costa Rica 

 Rodomiro ORTIZ 
 Swedish University of Agricultural Sciences (SLU) 
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Mountains to the point where they blocked off  the 
Amazon’s original westward drainage into the Pacifi c 
Ocean, creating an enormous lake in the heart of the 
South American landmass. Around 2 million years ago a 
new channel developed, draining eastward into the 
Atlantic Ocean, and the Amazon River basin assumed 
something like its present form. Th e climatic fl uctuations 
of the Quaternary Period (2 million year ago to the pres-
ent), and especially of the last million years, subsequently 
altered Amazonian geography. During the ice ages, when 
temperatures and sea levels were lower, the Amazon’s 
estuary lay 320 kilometers farther out into the Atlantic 
from its present position and fl owed into the ocean 
through a network of high and narrow drainage chan-
nels. Th e Amazon River during the ice ages, then, was 
quite unlike the modern Amazon. Its current large delta, 
broad main channel, and meandering fl ow are also tem-
porary and will undoubtedly change again during the 
next ice age. 

 Pollen cores from lake sediments, marine cores from 
the Amazon delta, ice cores from the Andes, and carbon 
isotope data from soil analyses all suggest the climate of 
the Amazon basin has been unstable, f luctuating 
between wet and dry periods since the last ice age ended 
around 13,000 years ago (Mayle and Beerling 2004). 
Th e Amazon’s high levels of biodiversity (biological 
diversity as indicated by numbers of species of animals 
and plants), by some standards the most elevated on the 
planet, may have been even higher during the early 
Holocene Epoch (around 8,000 years ago), when mean 
temperatures were some 58 C lower, the Andean snow-
line was about 0.6 kilometers lower, and there were 
cold-adapted tree species at lower elevations in the 
western Amazon. At that time, what is now steamy 
jungle would have been more similar to a temperate 
forest (Behling 1997).  

 The Amazon River, the world’s largest, is part of a basin 
that, by some standards, hosts the planet’s highest 
levels of biodiversity. Its climate has fl uctuated between 
wet and dry periods since the last ice age. The more 
recent eff ects of colonization have been largely negative 
for its ecosystems, although large areas of the basin 
remain intact. The future eff ects of climate change and 
human interference remain unclear. 

   The Amazon River basin is the largest river system in 
the world, draining approximately 7 million square 

kilometers (40 percent of the South American landmass) 
and accounting for almost a third of the world’s freshwater. 
Although the Nile is marginally longer, the Amazon is the 
world’s largest river in terms of water volume. Th e main 
stem of the river, fl owing from the Andes eastward into the 
Atlantic, is nourished by a complex network of headwaters 
in the eastern Andes and very large tributary rivers to both 
the north and south. Th e Amazon’s largest tributary, the 
2,400-kilometer-long Rio Negro (Black River), which joins 
the Amazon at the city of Manaus, is itself the world’s sec-
ond largest river by volume (Pollard 2010, 22). Th e Amazon 
fl ows through eight countries (Venezuela, Colombia, 
Ecuador, Peru, Bolivia, Brazil, Suriname, and Guyana), 
but approximately 60 percent of its basin falls within Brazil, 
whose modern history has been the most important deter-
minant of recent environmental trends. At its mouth, the 
Amazon is so wide that it surrounds the world’s largest 
freshwater island (Marajó Island), which, at 48,000 square 
kilometers, is roughly the size of Switzerland.  

 Geology and Prehistory 

 In geological terms the Amazon River is young, having 
assumed its current form around 4 million years ago, 
when tectonic plate shifts in the Earth uplifted the Andes 

    Amazon River 
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ecosystems. Although population densities were lower 
than in Andean and Central America, total populations 
were probably comparable to either (Denevan 1992). 
Jewelry, metalwork, and other evidence from grave sites 
also suggest the existence of extensive trade networks 
linking the central Amazon to the Caribbean.  

 Consequently, there was considerable human impact 
on ecosystems even before the arrival of Europeans. 
Forest burning was probably suffi  cient to cause greater 
seasonality and local decrease in rainfall in the late 
 prehistoric period, and at least one complex prehistoric 
culture, the Marajoara, may well have collapsed through 
overexploitation of its natural resource base. Th e arrival 
of Europeans and the colonial experience paradoxically 

reduced human impacts on the fl oodplain through 
the destruction or enslavement of its indig-

enous population. Much of the fl oodplain, 
which had been an intensively exploited 

landscape in the sixteenth century, 
was reclaimed by forest. Much 

less is known about environ-
mental change in the upland 
areas during the colonial 
period, but it is likely that 
there was a similar advance 
in forest cover. Th e greater 
productivity brought on by 
metal tools was counter-
balanced by the long-term 
decline of the indigenous 

population. It is one of the 
great ironies of Amazonian 

history that these young 
forests were construed 
by early European science 
as primeval and as unin-
habited rather than as hav-

ing undergone a process 
of depopulation. 

  Environmental Change 
in the Modern Period 

 Large-scale colonization has dominated the modern his-
tory of the Amazon. Th e fi rst wave of settlement grew 
out of the rubber boom of the late nineteenth century; at 
this time, the new infl ux of people into both fl oodplain 
and upland areas raised the Amazon’s population back up 
to late prehistoric levels. Far-reaching environmental 
impacts were brought about when the demands of rapidly 
growing urban centers drove settlers to cut back forests 
on a large scale for the fi rst time through slash-and-burn 

 Th is climatic instability led scientists concerned with 
the origins of Amazonian biodiversity to formulate the 
Pleistocene refuge theory, which dominated models of 
Pleistocene Amazonian environmental history until the 
1990s. Th is theory asserted that the Amazon was dry, 
even arid, during the portion of the Pleistocene Epoch 
spanning from 100,000 years ago to about 10,000 years 
ago, and that patches of forests were separated by the 
more dominant savannas, so that there existed multiple 
“islands,” or species reservoirs, wherein allopatric (iso-
lated) speciation occurred. When the forests expanded 
during wetter periods, species spread over a wider area, 
only to be isolated again as the forests retracted. 
Repetition of this process was believed to be the reason 
for the high biodiversity. More recently, however, 
the scientifi c consensus has been that the 
Pleistocene refuge theory is mistaken and 
that Amazonian biodiversity is bet-
ter explained by a combination 
of high levels of natural dis-
turbance, the presence of 
river barriers, and the stabil-
ity of forest ecosystems over 
time (Brew 2005). 

 Early Human 
Colonization 

 Th e precise date of human 
colonizat ion of the 
Amazon is unknown. Th e 
earliest reliable radiocar-
bon dates are from 11,500 
years ago, but the earliest 
sites, coastal and riverine by 
def init ion, have been 
destroyed by changing sea lev-
els and river courses. Most spe-
cialists accept early penetration by 
humans at around 15,000 years ago, or even ear-
lier. Some genetic and linguistic evidence suggests a 
human presence as long as 20,000 years ago, but this is 
controversial. Th e archaeological record suggests that 
human impacts on Amazonian ecosystems were more 
intense and longer lasting than previously thought. By 
the late prehistoric period, there were few parts of the 
Amazon that had not been occupied at least sporadically, 
and sophisticated cultures had evolved in both fl oodplain 
and upland areas. Th ese cultures supplemented agricul-
ture by gathering, especially of palm products; they 
 created large patches of fertile artifi cial soils throughout 
the basin and intensively exploited aquatic and marine 
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networks in a number of Amazonian countries is 
another positive development. 

 Outlook 

 It is too soon to be confi dent about the future. Th ere is 
already strong evidence of climate change in some parts 
of the Amazon basin linked to forest clearance, with 
declines in rainfall and greater seasonality. Th is change 
will likely be permanent. Th e long-term eff ect of global 
warming will be to increase drought stress and make 
many parts of the Amazon more fl ammable. Local and 
global climate change may feed into each other, to the 
detriment of forest cover and biodiversity. Some climate 
models suggest that “forest drying,” combined with more 
intense fi res, could shift signifi cant areas of the Amazon 
to savanna-type vegetation during the course of the next 
century or two.  

 Equally important is the fact that improvements in 
Brazil could be off set by accelerated land clearances else-
where. Improvements in security in Peru and Colombia 
could see those countries invest more in road building 
and further development of oil and gas reserves; this 
development could touch off  a largely uncontrolled infl ux 
of migrants along the lines of the infl ux into the Brazilian 
Amazon from the 1960s to the 1980s. Eastern Bolivia is 
well suited for large-scale ranching and commercial agri-
culture, but has nothing approaching the governance lev-
els or monitoring systems of much of the Brazilian 
Amazon. Increasing urbanization and demand for clean 
energy in all the Amazonian countries will inevitably 
expand the number and scale of hydroelectric projects in 
the Amazon, including their potential to aff ect riverine 
environments downstream and pose challenges for rela-
tions between the countries sharing the basin. On the 
other hand, the basin’s enormous size and the resilience 
of its ecosystems may buff er human infl uences. It is a 
gamble whose outcome remains to be seen. 

 David CLEARY 
 Th e Nature Conservancy 
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agriculture and ranching. Belém and Manaus, in 
Brazil, and Iquitos, in Peru, had populations of more 
than 100,000 in 1900—the fi rst time there were cities 
of such size in the Amazon basin; Belém and Manaus 
would have populations of well over 1 million just a 
century later.  

 The composition of the region’s population also 
changed: many of the indigenous groups that had previ-
ously withdrawn from the fl oodplain to the uplands, to 
avoid enslavement during the colonial period, were incor-
porated, often violently, into the rubber economy. As 
their numbers declined and the f low of outsiders 
increased, an even greater proportion of the Amazon’s 
population was of European descent.  

 After 1912, the environmental impacts of the rubber 
boom subsided along with the rapid collapse of the 
demand for Amazonian rubber, which was replaced in 
world markets by plantation rubber from southeastern 
Asia (grown from stolen Amazonian seedlings). 
Colonization of the Amazon stopped and people began to 
leave the region, with many parts of the basin reverting to 
secondary forest. Not until the 1960s did national societ-
ies renew their penetration of the Amazon, this time with 
far more dramatic environmental consequences.  

 Beginning in the late 1960s the construction of a 
network of highways linked the Amazon to the national 
hinterlands of the states that shared the basin and 
 funneled millions of migrants into the region. Road 
building was most extensive in Brazil, where it had 
the most far-reaching eff ects, but all Amazonian coun-
tries experienced a similar cycle of frontier develop-
ment. Th e consequences were largely disastrous. Some 
12 percent of the Amazon’s forest cover was removed 
by the end of the twentieth century, replaced largely by 
low-productivity ranches and subsistence smallhold-
ings. Many of these enterprises lasted less than a gen-
eration before the declining pasture quality forced 
their abandonment. Th e destruction was concentrated 
mostly in the uplands; the fl oodplain remained rela-
tively unaff ected by colonization.  

 In the early twenty-fi rst century, partly owing to 
improved governance (with more eff ective satellite 
monitoring of land clearance in Brazil), and partly 
owing to gradually increasing productivity in the beef 
industry and in agriculture in general, deforestation 
rates declined from their peak in the 1980s. Consumer 
concern over deforestation and greater state presence in 
Brazil have encouraged commercial farming and ranch-
ing to intensify rather than expand, starting a transition 
to production systems that make fewer demands on the 
land. At least in Brazil, reclaiming degraded pasture 
may in the future allow agricultural expansion with 
minimal to no land clearance. Th e growth of extensive 
and robust protected areas and indigenous reserve 
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exclusion than by reference to broad uniformities in the 
Amazonian environment because such uniformities are 
illusory. Th e defi nition of Amazonia employed here 
refl ects the conventions established in the US anthro-
pologist Julian H. Steward’s  Handbook of South American 
Indians  (1946–1963) and carried over into twenty-fi rst-
century anthropological usages. Amazonia comprises 
the whole of the Amazon River drainage system, includ-
ing the right-bank tributaries of the Orinoco, to which 
the Amazon River has two connections: one permanent 
(via the Casiquiare Canal) and one seasonal (via the 
fl ooding of the upland savannas between the Rio Branco 
and the Essequibo River). Th is latter connection eff ec-
tively unites the Atlantic coastal region of the Guianas 
with the Amazon River basin, giving rise to the desig-
nation “Guayana” or “Guianas” (in Steward’s  Handbook ) 
for this area encircled by the Atlantic, Orinoco, and 
Amazon, which anthropologists consider a subregion 
of Amazonia. Steward (1946–1963, 3:885) also hypoth-
esized that Guiana was a center of dispersal for the 
“tropical forest-complex” of agriculture of the manioc 
plant—a tuber whose pulp became a staple of the 
regional diet—although later anthropologists challenged 
this view. 

 Steward connected these conventions in the geo-
graphical criteria for the delimitation of regions to a 
wider classifi catory scheme in the  Handbook .   In an 
attempt to give some analytical shape to the mass of 
ethnological, historical, and archaeological information 
that the  Handbook  brought together, anthropologists 
thought these contrasting geographical zones delin-
eated cultural regions. As the Austrian-born US anthro-
pologist Robert Lowie put it in his introductory essay 
to  volume 3 of the  Handbook ,   “Th e Tropical Forest com-
plex is marked off  from the higher Andean civili zations 
by lacking architectural and metallurgical refi nements, 

 The tropical regions of South America were once thought 
to have been unfavorable for sustained human occupa-
tion on a large scale. That picture in the twenty-fi rst 
century is rapidly changing. The archaeological recovery 
of ancient artifacts has revealed complex adaptations 
and management of Amazonian environments for at 
least twelve thousand years, while anthropogenic soils 
have proved to be far more widespread and of greater 
antiquity than previously thought. 

   As the largest tropical rain forest on the planet, 
Amazonia holds a unique place in both world 

environmental history and the imagination of South 
America. A vast region that extends through present-
day Brazil and seven other South American nations 
(Colombia, Ecuador, French Guiana, Guyana, Peru, 
Surinam ,  and Venezuela), it symbolically stands for 
the dominance of nature over humans and as a source 
of still-unknown plants and animals. In fact Amazonia 
has been an intensively managed, human-made envi-
ronment for many hundreds of years. Th e current per-
ception of Amazonia as one of the last wildernesses 
refl ects not the rain forest’s pristine nature, but rather 
the colonial conquest’s erasure of the native population 
through violence. 

 Th e Amazon River basin is considered, at a minimum, 
to comprise 96 million hectares; the Amazon River itself 
is the largest (by volume) in the world, nearly 160 kilo-
meters wide at its mouth. Th e civilizations that arose 
there were functionally isolated from the rest of the 
world. Evidence for these past civilizations has emerged 
slowly, given the absence of stone building and the sheer 
scale of the Amazon as a context for research. 

 Any defi nition of Amazonia as an ecological,  cultural, 
or political unit therefore proceeds more by a process of 

  Amazonia 


