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ABSTRACT. Current socioeconomic drivers of land-use change associated with globalization are
producing two contrasting land-use trends in Latin America. Increasing global food demand (particularly
in Southeast Asia) accel eratesdeforestationinareassuitablefor modern agriculture(e.g., soybean), severely
threatening ecosystems, such as Amazonian rain forests, dry forests, and subtropical grasslands.
Additionally, in the coming decades, demand for biofuels may become an emerging threat. In contrast,
high yields in modern agricultural systems and rural—urban migration coupled with remittances promote
the abandonment of marginal agricultural lands, thus favoring ecosystem recovery on mountains, deserts,
and areas of poor soils, while improving human well-being. The potential switch from production in
traditional extensive grazing areas to intensive modern agriculture provides opportunities to significantly
increase food production while sparing land for nature conservation. This combination of emerging threats
and opportunitiesrequireschangesintheway theconservation of L atin American ecosystemsisapproached.
Land-use efficiency should be analyzed beyond the local-based paradigm that drives most conservation
programs, and focus on large geographic scales involving long-distance fluxes of products, information,
and people in order to maximize both agricultural production and the conservation of environmental
Sservices.
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LAND-USE CHANGE INA GLOBALIZED
WORLD

The anthropogenic environmental impacts between
1950 and 2050 are likely to be the most severe in
human history. During these hundred years, the
world population will increase from approximately
2.5 billion in 1950 to more than 9 billion in 2050,
duetothehighest populationgrowthratesinhistory.
But, by theend of thisperiod, the human population
is expected to approach a plateau or even begin
declining, something that has never happened in
historical times (Lutz et al. 2001, United Nations
Population Divison (UNPOP) 2003). Both the
acceleration and the later decrease in population
growth reflect another novel process. on average,
humans have never been so affluent, healthy, and
well fed.

Thiswedlth isin part the result of an unsustainable
exploitation of global natural resources, particularly
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fossil fuels and the conversion of natural systems.
The dependence of the global economy on fossil
fuelshasresultedinanincreasein greenhouse gases
and rising globa temperature (Intergovernmental
Panel on Climate Change (IPCC) 2007). The other
major impact has been the appropriation of global
primary productivity (Vitousek et al. 1986, Foley et
a. 2007) resulting from the conversion of nearly
35% of terrestrial ecosystemsto agricultural lands.
Both processes can have enormous impacts on
ecosystems. Although our use of fossil fuels
continues to increase, changes in population and
economy are producing two contrasting trends in
land use. On the one hand, the continuing increase
in the human population and per capita
consumption, and the changesin diet areincreasing
global demand for food, whichisthe main driver of
agricultural expansion. The magjor consequences of
the conversion of natura ecosystems into
agricultura lands are the loss of biodiversity and
other ecosystem services (Dirzo and Raven 2003,
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Millennium Ecosystem Assessment (MEA) 2005).
On the other hand, through genetic improvements,
andtheuseof fertilizers, pesticides, andfossi| fuels,
modern agriculture has greatly increased yields,
thus reducing the area that is directly impacted by
agriculture (Smil 2000). The concentration of
modern agriculture on the most productive soils
(“agriculture adjustment,” Mather and Needle
1998) has favored the abandonment of marginal
agriculture and recovery of forests in many
countries (“forest transition,” Mather 1992, Rudel
et al. 2005), and is contributing to reducing
deforestation rates in the developing world
(Balmford et al. 2005).

Current global environmental changesarenolonger
the simple addition of local or regional effects.
Instead, many of thedriversof changesarethelong-
distance connections that involve fluxes of matter,
energy, and information among countries, regions,
and continents. In addition, the spatial distribution
of the human population is changing. In 2008, for
the first time in human history, the global urban
population has exceeded the rural population. This
migration to the cities has been accompanied by
international migration and a dramatic increase in
remittances to migrants homelands, which can
have enormous effects on local economies (The
World Bank 2006). Furthermore, the rapidly
growing economies of China, India, and other
countriesin Southeast Asiahavegreatly accel erated
the flow of natural resources and goods around the
world.

How will these processes affect agricultural lands
and natural ecosystems in Latin America? To
answer this question we need to focus on two scales
of drivers: local and global. The present population
in Latin Americais approximately 500 million, and
it is expected to increase by 50% by 2050. In
addition, per capita consumption in Latin America
is below the level of the developed world, and one
can expect that it will continue to increase as the
region’s economy grows. Thus, a major challenge
is to determine how to meet the increasing food
needsof thisgrowing populationwithout destroying
the remaining natural ecosystems. Furthermore,
Latin Americaincludesextensive plainswithfertile
soils, with comparatively low production costs.
These ecosystems not only feed the local
population, but also produce an increasing amount
of food for the rest of the world, in particular for
Southeast Asiawhere the population and per capita
consumption are increasing rapidly, and where
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growing income is promoting diet changes toward
ahigher consumption of animal protein. The fate of
Latin American ecosystems will depend on how
economic and socia forces influence where and
how the growing Latin American population lives
in the coming decades and how the region responds
to the globa changes in population, trade,
consumption, and technology.

DEFORESTATION AND ECOSYSTEM
RECOVERY IN LATINAMERICA

Deforestation continuesto bethe dominant land-use
trend in Latin America (Fig. 1) (Ramankutty and
Foley 1999, Achard et al. 2002), and subsistence
agriculture, an important part of many local
economies, is one of the maor contributors
(Chowdhury and Turner 2006, Pan et al. 2007). But,
socioeconomic changesrelated to globalization are
promoting a rapid change toward agricultural
systems oriented to local, regional, and global
markets. The Amazon basin is the region that has
lost the largest area to deforestation, and where
deforestation has had the greatest impact on
biodiversity and biomassloss(Houghtonetal. 1991,
Laurance 1998, Lambin et al. 2003), but most other
biomes have also been and continue to be severely
affected by conversion to agriculture and pastures
(e.g., Ellenberg 1979, Sader and Joyce 1988, Vifia
and Cavelier 1999, Galindo-Leal and De Gusmao
Camara 2003, Klink and Machado 2005, Viglizzo
et a. 2006, Gasparri et a. 2008). Historicaly,
traditional shifting agriculture and cattle ranching,
often favored by government subsidies and
migration policies, have been the main drivers of
deforestation in the Amazon, as well as in other
ecosystems in Latin America such as the Andean
forests, Central American lowlands, and South
American dry forests (Hecht 1993, Kaimowitz
1995, Grau et a. 2008a). Although these driving
forces continue to act in many places, export-
oriented industrial agriculture has becomethe main
driver of South American deforestation. In Brazil,
Bolivia, Paraguay, and Argentina, extensive areas
of seasonally dry forest with flat terrain and enough
rainfall for rain-fed agriculture are now being
deforested for soybean production, whichismainly
exported to China and the European Union (Dros
2004). Thisprocessaffectsthe species-rich Amazon
forests (Fearnside 2001, Killeen et al. 2008) and
indirectly favorsother formsof degradation beyond
the agriculture frontier, such as logging and fire
(Nepstad et al. 1999). The expansion of modern
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agriculture is having its greatest effects on the two
most threatened biomes both at global and
continental scales (Hoeckstra et al. 2005): tropical
and subtropical dry forests (Zak et al. 2004, Grau et
al. 2005, Silvaet al. 2006) and temperate grasslands
and savannas (Paruelo and Oesterheld 2003, Baldi
and Paruelo 2008). Although the “soy boom” in
Latin Americaisan important threat to theregion’s
biodiversity, it has brought large economic benefits
to the economy sectors associated with production,
transportation, commercialization, and processing
of agricultural productsandto thelocal and national
governments through taxes. Furthermore, the “soy
boom,” partly based on transgenic cultivars, is
supplying cheap calories and high-quality protein
to help meet the growing demand for food in
Southeast Asia, and is thus contributing to
increasing nutrition levelsin this region.

Although the efficiency of modern agriculture and
the associated lower food costs are positive for
consumers, smallhold farmers, particularly thoseon
margina lands, are frequently unable to compete
with large-scale agriculture. This process and the
increasein off-farm jobsin the service and industry
sectorsinthecitiesstimul ate rural—urban migration.
The combination of agricultural modernization and
rural—urban migration often leads to a shift in the
mode of food production and the abandonment of
marginal agricultural and grazing land, which can
favor ecosystem recovery both as spontaneous
processes and by facilitating the implementation of
protected areasor conservation policies(Mather and
Needle 1998, Mather 2001, Aide and Grau 2004,
Grau and Aide 2007, Izquierdo and Grau 2008).
Forest transition or more generally, ecological
transition (ecosystem recovery occurs aso in non-
forested biomes), occurs when an economy shifts
toward non-agricultural production, agriculture
concentrates in the most productive lands, and
marginal agriculture is abandoned, favoring the
recovery of forests and other natural ecosystems.
Although comparatively less important than
deforestation and much less perceived by the
general public and the scientific community,
processes of ecosystem recovery can be observed
in many Latin American areas (Fig. 1). Forest
expansion or recovery of degraded forests during
recent decades has been reported for severa
Caribbean and Central American areas in
association with the strong impact of rural
outmigration and economic modernization,
including Puerto Rico (Lugo 2002, Grau et al. 2003,
Parés Ramos et a. 2008), Dominican Republic
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(Grau et al. 2008c), Mexico (Klooster 2003, Bray
and Klepeis 2005), El Salvador (Hecht et a. 2006),
Honduras (Southworth and Tucker 2001), Costa
Rica (Kull et a. 2007), and Panama (Wright and
Samaniego 2008). In South America, examples of
ecosystem recovery include forest expansion in
peri-urban ecosystems (Baptista 2008, Grau et al.
2008Db), expansion of Andeanforestsintograssiands
(Grau 1985, Kitzberger and V eblen 1999), andland-
use disintensification in deserts and semi-arid
ecosystems (Moran et a. 1996, Preston et al. 1997,
Wiegers et al. 1999, Morales et al. 2005, Jepson
2005, Grau et al. 2008a).

Although agriculture is being abandoned in some
marginal areas, in other areasit continuesto expand;
for example, in regions used for illegal crops.
Compared with modern agriculture, which
concentratesinfertileandflat soils, illegal cropsare
often cultivated in marginal areas, mainly because
of poor accessibility, which reduceslegal controls.
The most common of these areasin Latin America
arethehumid slopesof the Andes, wherecultivation
of coca and opium are a magor source of
deforestation and environmental degradation
(Cavelier and Etter 1995, Fjdelsa et a. 2005,
Bradley and Millington 2008). These areas are also
affected by armed conflictsand are outside thelegal
system of the country, a sSituation with two
contrasting consequences for conservation. On the
one hand, social and economic deterioration may
lead to outmigration and land abandonment, but on
the other hand, conditions for establishment of
protected areas and legal enforcement of
conservation become very difficult.

OPPORTUNITIESAND THREATS

Latin America, particularly South America, hashad
the luxury of being a large continent with a
comparatively small population, of which a large
proportion lives in urban centers (approximately
80% in South America). The relatively small area
occupied by urban areas and the low rurd
popul ation density have permitted highly inefficient
land-use practices that have significantly reduced
or transformed natural ecosystems. In particular,
extensive areas of tropical forest have been
converted to pastures for low-density domestic
grazers or low-productivity agricultural systems
(Fig. 2). To accommodate the growth of an
additional 250 million people in Latin Americain
the next 40-50 years, urban areas and agricultural
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Fig. 1. Map of Latin Americamain biomes (based on Evaet a. 2004), showing the main deforestation
fronts (in red, based on Food and Agriculture Organization (FAO) 2003, Gasparri et a. 2008), and
selected case studies of ecosystems regeneration (in blue).
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landswill inevitably increase; therefore, tomaintain
the high levels of biodiversity that characterize
many of the ecosystems of Latin America,
landscapes and regions must be used in a more
efficient way.

Land-use change is driven by a complex myriad of
actors and processes (e.g., Baptista 2008, Bradley
and Millington 2008, Fearnside 2008, |1zquierdo et
al., 2008, Killeen et al. 2008, Padoch et al. 2008),
but alarge part of their effectsin terms of land-use
efficiency is reflected in a comparatively simple
conflict between food production and conservation
of natural and semi-natural ecosystems (Waggoner
and Ausubel 2001, Balmford et al. 2005, Green et
al. 2005, Grau et a. 2008a). In part, thisconflict can
be managed by using the most productive soils for
high-yield crops, and by dedicating areas of low
agricultural  productivity to the provision of
ecosystem services such as biodiversity conservation,
watershed protection, carbon sequestration, and
recreation. A shift from traditional agriculture and
particularly grazing pastures to modern agriculture
represents a large increase in per hectare food
productivity (Smil 2000). This shift may imply a
major improvement in land-use efficiency to
bal ance conservation and production purposes. For
example, in Panama, Wright and Samaniego (2008)
found that pastures occupy approximately four
times more land than crops, but crops generate 6.7
timesgreater grossincome. Inthe Chaco dry forests
of northern Argentina, Grau et al. (2008a) found that
inorder to producethe equivalent amount of protein
or meat currently produced in the 4.7 million
hectares of forests surrounding the *“puestos’
traditional grazing system, only 16 000 or 150 000
ha, respectively, would have to be transformed into
soybean fields.

Current patterns of rural—urban migration also
provideimportant opportunitiesto achieveland-use
efficiency. Between 1990 and 2000, many rural
areas throughout Latin America lost population
(Preston 1997). For example, in Mexico 28% of the
municipalities had negative population growth
between 1990 and 2000, representing 31% of the
area of Mexico. Although the populations of all
Latin America countries are increasing, regions
within many countries are losing population due to
rural—urban migration. In some cases, rural
outmigration may promote environmental degradation
by reducing the local labor power needed to
maintain irrigation and soil conservation systems
(Zimmerer 1993, Harden 1996), or may promote
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less intensive but highly inefficient land uses such
as cattle ranching replacing agriculture or sheep
grazing (e.g., Preston 1998, Rudel et al. 2002). But,
In many cases, outmigration results in land
abandonment, particularly in mountain and desert
ecosystems, aswell as areas with poor soils. Often,
these ecosystems are disproportionately important
for watershed and biodiversity conservation.
Migration to urban centers, frequently in the USA
or Europe, is generally associated with remittances
to local relatives, who become less dependent on
marginal agriculture, further favoring ecosystem
recovery. For example, in Mexico and El Salvador
there is a positive correlation between the level of
remittance and forest recovery (Bray and Klepeis
2005, Hecht and Saatchi 2007). By moving to urban
centers, people consume agricultural products that
originate in more efficient systems such as
mechanized agriculture, planted pastures, and
feedlots;, and in general, they improve their living
conditions in terms of education, health, and
services (Polese 1998). Furthermore, usually within
one generation, these immigrants reduce their
fertility to levels typical of urban areas, helping to
reduce population growth (United Nations
Population Fund (UNFPA) 2007).

In summary, although rural—urban migrations are
often complex and frequently involve conflictive
social adjustments (Preston 1997, Fearnside 2008,
Padoch et al. 2008), they represent an important
opportunity to combine social and environmental
improvements (Aideand Grau 2004, UNFPA 2007,
Grau and Aide 2007). Asthe process of ecological
trangition is largely associated with the market
economy and the free movement of people, goods,
and information, it will be enhanced by policies
facilitating migration and discouraging non-
competitive production systems. This can even
favor ecosystem recovery in parts of severely
threatened ecoregions such as the Cerrado, the
Atlantic forest or the Chaco dry forests, which
include areas that, due to steep slopes or dry
climates, are not suitable for modern agriculture. In
contrast, ecosystem recovery in marginal landswill
be difficult when inefficient systems of production
are maintained through subsidies from government
or non-governmental organizations (NGOs), and
where marginal conditions and external illegal
markets provide opportunities for highly profitable
illegal crops (e.g., coca, opium, or cannabis).

Although margina agricultural lands are being
abandoned in many regionsof Latin America, there
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Fig. 2. Proportion of land covered by different land usesin Central and South America, and Southeast

Asia. Source: FAO (2003).
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is no guarantee that this will always lead to the
recovery of natural ecosystems. For example,
secondary forests in peri-urban areas are often
dominated by naturalized exotic species(Grau et a.
2003, 2008b, Aragon and Morales 2003, Lugo and
Helmer 2004). In many cases, marginal agricultural
lands are replaced by exotic tree plantations, as in
northeastern Argentina (lzquierdo et al. 2008) or
central Chile (Bustamante and Simonetti 2004), or
plantation forests may replace non-forested natural
ecosystems historically used for grazing (e.g.,
Nossetto et a. 2005, Farley 2007). Many of the
benefits associated with ecological transitions are
related to the fact that modern agriculture cannot be
carried out in environments that are too dry, too
steep, or too infertile. However, some of these
barriers could be eliminated or reduced with
genetically modified crops (GMCs). Another major
concern is the future of biofuels, which could
compete for the same areas with natural
communities not threatened by conventional
agriculture. For example, oil pams can grow in
acidicsoils, and steep areasof abandoned sugar cane
could easily beconverted to productionfor biofuels.
Furthermore, next-generation biofuels can be based
on grasslands, many of which can be grown under

conditions of steeper slopes and drier soils than
conventional agriculture. Government subsidies
and growing demand for biofuels contribute to
increased agricultural prices, and high pricesfurther
promote the expansion of agriculture; both in
ecoregions that have aready experienced
significant transformation (southern Amazon,
Cerrado, Pampas, Peten, Chaco, and Chiquitano
forests), and in others, such asthe LIanos of eastern
Colombia, Venezuela, and Guyana that include
extensive areas of flat terrain and great agricultural
potential.

THE CHALLENGE OF BALANCING
CONSERVATION AND DEVELOPMENT

Presently, most conservation policy is largely
driven by the assumptions that deforestation and
habitat fragmentation processes are ubiquitous and
ever expanding, and that market forces generaly
result in ecosystem degradation. As we have
discussed in this paper, these assumptions can be
unrealistic. To be successful in protecting the
world’s biodiversity we need to incorporate major
driversof land-use change, and the need for feeding
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a growing population, as well as recognize that
global marketsand thefreemovement of peopleand
products can contribute to improving land-use
efficiency. It must be recognized that the
globalization process and changing demographic
dynamics are shifting the agricultural landscape,
and thiswill have both positive and negative effects
for ecosystems and the environmental servicesthey
provide in Latin America. Current land-use trends
in Latin America include both traditional (cattle
ranching, shifting agriculture) and emerging
(GM C-based modern agriculture, biofuels) threats,
as well as new opportunities derived from
ecological transition processes and population
urbanization. To understand therel ativeimportance
of these factors, the following questions need to be
addressed:

1. Global food production: how will the global
demandfor food productsinfluencetheextent
and distribution of modern agriculture in
Latin America? What will be the
consequences of new genetic cultivars (e.g.,
drought-resistant soybean) that could
surmount current environmental limitations
for modern agriculture? In addition to the
local effects of deforestation, what are the
effectsof long-term soil degradationandthe”
off-site” effects of modern agriculture (e.g.,
soil, water, and atmospheric contamination)?
What will be the effect of the competition for
soils between agriculture for food and for
biofuels? What are the net ecological impacts
of localy “environmentaly friendly”
production systems(e.g., organic agriculture,
shade coffee, etc) when their per hectare
productivity istaken into account?

2. Non-food crops: how will a shift to biofuels
based on sugarcane, oil palms, soybeans, and
grasses affect thedistribution of natural areas
and local economies? To what extent are
illegal crops athreat to nature conservation,
and what are the global drivers of thisthreat?
Could other (e.g., rubber) non-food
agriculture become important in Latin
Americaas the demand from Southeast Asia
continues to increase?

3. Demographicchanges: will thetrendinrural—
urban migration continue as the Latin
American popul ation growsover thenext 40—
50 years? To what extent does rural—urban
migration improve the living conditions of
marginal populations and favor the
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abandonment of inefficient agriculture
production? Could Latin America shift from
being a source of migrants to Europe and
North Americato anet attractor of migrants
in the coming decades?

4. Ecological transition: what arethetrendsand
rates of ecosystem recovery, and what arethe
major human and natura drivers of this
process at different spatial and temporal
scales? To what extent does agriculture
abandonment lead to the recovery of natural
ecosystems vs. monoculture forest plantations?
How will the ecology of the “new”
ecosystems resulting from ecological
transition, often characterized by abundant
exotic species, behave in terms of
biodiversity, environmental services, and
capacity to “recover” extinction debt? What
are the ecological consequences of the
Interactions between land-use transitions and
climate change?

5. Political ecology: what are the most efficient
governance strategies to favor rapid
transitions to efficient land uses? What are
the environmental costs of subsidies to non-
competitive products such as biofuels or
extensive grazing, and of government
restrictions to efficient systems such as
agriculture based on transgenic cultivars or
popul ation urbanization including international
migration?

Thekey to successfully confronting the challenges
posed by current land-use change is to develop a
concept of land-use efficiency that goes beyond the
site-oriented approaches favored by most
conservation programs. Present efforts to promote
production systemswith highlocal biodiversity, but
low productivity (e.g., traditiona agriculture and
grazing, shade coffee, etc.) will not be sufficient to
produce agricultural products for a population of
more than 9 billion people, which isincreasing per
capita consumption, without sacrificing large areas
of natural ecosystems (Waggoner and Ausubel
2001, Green et al. 2005). To meet the rising global
demand for food and conserve Latin American
ecosystems, modern high-yield agriculture and
agriculture adjustment coupled with rural—urban
migration need to be incorporated into large-scale
conservation planning (De Fries et al. 2004, Aide
and Grau 2004, Balmford et al. 2005, Grau et al.
2008a).
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And, in addition, conservation planning should not
be limited to local or regional scales, isolated from
theworld. Latin American ecosystemsprotect much
of the global biodiversity, but they are also one of
the most important regions for globa food
production. To balance the global demand for food
(and potentialy biofuels) and at the same time
protect the region’ s biodiversity, it islegitimate for
the region to demand that part of the financial costs
of preserving these ecosystems be paid by the rest
of the world (e.g., Wright 2005). But, at the same
time, Latin America can help provide people in
Asia, and eventually Africa, the opportunity to
improve their nutrition standards, and possibly
reduce the pressure on ecosystems in those regions
of the world. From a globa perspective, if
sacrificing part of the natural environment of Latin
American can contribute to improving livelihoods
in other continents, it may well be worth the
sacrifice, in particular, if it eventually results in
richer societies around the world with a greater
concern for the environment.

Responsesto this article can be read online at:
http: //www.ecol ogyandsoci ety.org/vol 13/iss2/art16/responses
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