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Coffee Landscapes Shaping the Anthropocene
Forced Simplification on a Complex Agroecological Landscape
by Ivette Perfecto, M. Estelí Jiménez-Soto, and John Vandermeer
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Coffee was introduced to Mexico in the late eighteenth century, but it was not until the late nineteenth century that
wealthy European immigrants purchased “unregistered” land and invested in coffee cultivation. Displaced farmers,
mostly indigenous, returned to the region as plantation workers and learned how to cultivate coffee. After the Mexican
Revolution and when land reform reached the southern states, small farmers began cultivating coffee. Coffee trans-
formed landscapes and people in southern Mexico and today continues to do so. Focusing on the Soconusco region of
the state of Chiapas in southern Mexico, we examine how coffee landscapes affect people and nonhuman nature. In
particular, we discuss how “technified” coffee landscapes affect biodiversity and created the conditions thatmay have led
to the coffee rust outbreak in 2012.We also discuss the impact of the plantation systemon social relations and the impact
that this system has on permanent and temporary farmworkers. Finally, we explore potential connections between the
ecological and social impacts of the plantation system in the Soconusco region.
The coffee landscape in southern Mexico is a patchwork of
managed coffee farms that range from large-scale monocultural
plantations to small-scale diversified small farms, intermingled
with patches of forests. Nonetheless, the monocultural planta-
tion form has come to dominate, reshaping human and non-
human life in very dramatic ways. This simplification of the
patchy Anthropocene has important implications for biodiver-
sity as well as the livelihoods of people that live and work in
these environments. Significantly, in the coffee landscape, the
simplification has led to the loss of biodiversity and the prolif-
eration of pests and diseases. In this paper we analyze how the
process of landscape simplification occurred in southernMexico
and the consequences of the resulting “technified” coffee plan-
tation for human and nonhuman life. We implicate this land-
scape simplification with the proliferation of coffee leaf rust, a
fungal disease that arrived in the Americas in the 1980 but re-
mained a minor problem for more than 30 years, until a critical
point was reached and the disease became feral throughout the
entire landscape, including the diverse coffee farms. The story
of the arrival, establishment, and eventual outbreak of the dis-
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ease is a telltale of agricultural intensification and the landscape
simplifications that are reshaping the patchy Anthropocene.

Plantation Economy and Ecology
in the Context of Colonialism

At the heart of the landscape simplification in southernMexico
is the plantation system, and therefore it becomes an important
unit of analysis. Plantations are highly specialized, large-scale
agricultural operations characterized by their intensive use of
capital investments as well as the exploitation of wage labor
(Young 1970). The colonial character of plantations in Latin
America, as well as the influence of European powers through
the exploitation of fertile and ecologically rich lands, represents
a particularly unique mode of relating land, people, and non-
human life. The way in which plantation agriculture has de-
veloped in Latin America has determined the ecologies of
places, including the interaction among humans, nonhuman
organisms, and their environment, potentially in a more ex-
ploitative manner than has peasant agriculture (Bartra 2015).

To discuss this exploitative relationship, historians and po-
litical economists have analyzed the trajectory and socioeco-
logical effects of the plantation economy in the context of colo-
nialism (Bartra 2015). On the one hand, the process of European
colonization has taught us the extraordinary ability of humans
to deploy natural resources through exploitative relationships
with their environment and people (Oslund 2011). On the other
hand, this same process has more recently originated new forms
of relating people and their surrounding environment, precisely
through the commoditization of nature in the form of ecocerti-
fications and through the adoption of conservation ideas into the
process of agricultural production (Anker 2001; Grove 1995,
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2. An ejido is a communal land-use system established in Mexico after
theMexican Revolution in the early twentieth century. It consists of an area
of communal land used for agriculture in which individual families have
designated parcels and collectively manage the rest of the communal land.

3. The name in Spanish for “plantation” is finca. InMexico theword has
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1997). Although the latter is secondary to our discussion in this
article, it is important to consider it as it is key to the development
of ecological principles and the agricultural and forest manage-
ment and conservation we see today, without which it would be
impossible to understand the global history of the environment
(Oslund 2011).

The essence of the plantation economy—that of a tightly cen-
tralized political structure with defined social stratification and
a controlling character, that allows full labor control and the
transmission of agricultural management instructions from top
to bottom (Young 1970)—continues to have a presence in agri-
cultural production in the Americas. In its origins, plantation
economies were entirely controlled by foreign capital, and labor
would be primarily imported, but profits would be invested over-
seas. Knowledge and technology were also imported from the
“central” countries, often by sending the owner’s offspring to
their country of origin to study as part of the colonial emulation
of the plantation economy (Young 1970:344). Part of its original
modus operandi has disappeared in most places in Latin Amer-
ica, giving place to communal land and small holdings that fol-
lowed land reformsand land takeovers ledbyorganizeddisplaced
peasants, or to more “modern” forms of intensive large-scale
agriculture with high levels of mechanization such as soy bean
plantations. However, old-style plantations continue to shape
the landscape and the lives of people that live in, of, and around
them (Lurtz 2014; Toledo-Tello 2002). This is particularly true
in the Soconusco region of Mexico, the focus of this paper.

Coffee plantations represent an important sector of the coffee
production in Central America, both historically as well as in
contemporary times. According to the Comision Económica
para América Latina y el Caribe (CEPAL 2002), the largest plan-
tations in Mesoamerica (up to 300 in the case of the Schussed
region in the southernmost state of Mexico)1 account for 3.5%
of the farms but concentrate large portions of the land, account-
ing for 48.6% of coffee land and around 57.8% of the region’s
coffee production. In Nicaragua from 2000 to 2001, only 2.4%
of the largest farms produced 52% of the national production
(Union Nicaragüense de Cafetaleros 2001).

In this paper we explore the current coffee plantation system
that has developed since the nineteenth century in the south-
ernmost part of Mexico during the Porfiriato period (1876–
1910)—manifested by the demarcation of land for foreign
capital investment—to analyze theways inwhich this economy
has shaped people and nonhuman nature and how neoliberal
policies impacted, in surprising ways, large- and small-scale
coffee farmers inMexico. Coffee production under a plantation
system represents only a small portion of all the coffee pro-
duction inMexico; nevertheless, coffee plantations still have an
important influence in the region’s environment and its people
(Lurtz 2014), especially in the Soconusco. Plantation owners
represent the coffee aristocracy, own significant amounts of
1. However, sometimes large plantations (about 900 hectares) are
ostensibly divided into smaller units under different family members to
meet land regulations (M. E. Jiménez-Soto, personal field notes).
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land, support hundreds of families year-round as wage labor-
ers, and influence neighboring ejidos and small property.2

The Introduction of Coffee to Mexico,
the Transformation of the Landscape, and the
Interaction between the Social and the Ecological

The adoption and development of coffee production in the
Americas and its vast cultivation in tropical and subtropical en-
vironments, mostly within biodiversity hot spots, helps us under-
stand the effects of the expansion of European colonialism, com-
modity production, and capitalism on human and nonhuman
interactions (West 2012). Coffee production in the Soconusco
region, one of the most important coffee-producing regions in
Chiapas, Mexico, is particularly interesting, as it played a key his-
torical role in incorporating the state into the global capitalist
market while dramatically transforming the landscape and social
relations it reached on its path (Lurtz 2014; Pohlenz Córdova
1994). By the end of the nineteenth century, factors such as eco-
nomic policies of theMexican government (led by Porfirio Diaz),
strong foreign capital (primarily German), and adequate eco-
logical conditions allowed the expansion of coffee plantations
in the Soconusco region (Renard 1993). In its expansion, the
coffee plantation economy became not only a powerful mode
of production but also a way of life for both plantation owners
and laborers, as has been described for other regions in Chia-
pas (Toledo-Tello 2002), and that remains a reality today in
Soconusco.

Coffee arrived in Mexico from 1790 to 1795, although it had
already been adopted by European colonies in America, such as
Brazil, which had been cultivating coffee since 1784. The sub-
sequent low production in Brazil toward the end of the 1800s,
the opening of new commercial port centers in Chiapas, as well
as the vast and fertile lands in the slopes of the Sierra Madre,
made the Soconusco the prime coffee-producing region in the
country and boosted coffee production in Mexico. The first
coffee plants in Chiapas, of the variety Bourbon and Típica,
were brought from Guatemala and were first adopted in small-
scale operations under the shade of the native trees (M. E.
Jiménez-Soto, personal conversation with a finquero, Septem-
ber 2016),3 following the mode of production in its center of
origin, Ethiopia, by the “old aristocracy,” which remained after
the partial depopulation of this region (Renard 2011) driven
by the Spanish colonization that left behind mostly cattle
haciendas in the lowlands of Soconusco (Garcia de León 1979;
Spencer 1988).4 Photography by Eadweard Muybridge in the
the connotation of a large plantation managed in a very hierarchical way
with hired laborers that work and live within the plantation property. A
finquero is a finca owner.

4. A hacienda is an estate in Spanish.
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1870s portrays a coffee plantation in Guatemala, where cof-
fee was grown under mature forest where the understory was
cleared for coffee planting (Rice 1999) (fig. 1).

The old aristocracy, as well as families that arrived from
Mexico and Guatemala to repopulate this tierra de nadie (land
of nobody) in the mid-nineteenth century (Ponce Jiménez
1985), constitutes the first wave of migration in an attempt to
stimulate economic development in the region (de Vos 2002).
However, the most important wave of migration to this region
was the establishment of German fincas, primarily dedicated
to coffee production. Due to the high requirements for labor,
these fincas, adopted a system that provided housing for work-
ers, both permanent and temporary (for the harvest season)
that bound the workers to the farm owner (the patrón) in a
permanent dependent relationship.

Coffee production in large volumes was done primarily by
large plantations, which had access to commercialization routes
and the required capital investments (Bartra 2015). By the time of
its introduction to Chiapas, most agriculture was devoted to the
production of corn, wheat, cacao, sugar cane, tobacco, indigo
plants, chilies,maguey, pineapple, zapotes, etc. (Soto-Pinto 2001).
During the agrarian reforms of the 1920s, indigenous commu-
nities that neighbored large coffee plantations received land that
already had coffee, which allowed for the continuation of coffee
production in the region (Soto-Pinto 2001). However, these new
small coffee production units were not entirely independent, as
they still needed to sell their coffee in advance, guaranteeing large
This content downloaded from 037.046.1
All use subject to University of Chicago Press Terms a
exports and profits to large plantations. The production of coffee
managed by indigenous and peasant families did not have ma-
jor importance in the region until after the revolution and the
agrarian reforms of Cardenas in 1939, thanks to an increase in
international prices (Soto-Pinto 2001). However, peasant coffee
was still subordinated to the private sector until the 1970s. The
adoption of coffee by peasant (both indigenous and mestizo)
farmers was dependent on the availability of technology, but also
on their way of life. Therefore, coffee in this sector was produced
with the same indigenous technology used to produce corn, and it
was mixed with other family crops. The subsequent establish-
ment of plots specifically to produce coffeewas done by a selective
clearing of the acahual (secondary vegetation) in the forest,
conserving trees in the high stratum and part of the lower and
medium strata, something that later Moguel and Toledo (1999)
described as rustic coffee (Soto-Pinto 2001).

The intensification (also called “technification”) or semi-
intensification of the coffee sector in Mexico began in the late
twentieth century thanks to neoliberal economic policies that
favored the modernization of agricultural production (Rice
1999). It consisted of planting new, higher-yielding coffee
varieties, eliminating or considerably reducing the shade trees
in the plantation, and applying agrochemicals, mostly synthetic
fertilizers and herbicides. This intensification process was pos-
sible due to the plentiful demand generated in the years after
World War II and the subsequent green revolution, which
brought new coffee varieties and chemical inputs to the Soco-
Figure 1. Photograph by Eadweard Muybridge in the 1870s showing coffee harvesting on a plantation in Guatemala. In the back-
ground, it is possible to see coffee being grown under the shade of the original forest trees. (Source: Wiki Commons.) A color version
of this figure is available online.
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nusco (M. E. Jiménez-Soto, personal communication with a
fincaowner, September 2016). Progressively, coffee becamecloser
to an industrial system with less shade or sometimes with no
shade at all (Rice 1999), but the encouragement to renovate cof-
fee plantations—a process that requires eliminating old coffee
shrubs and replacing them with new ones—or adopt a fully in-
tensified production a pleno sol (under fill sun), only started with
full strength in the 1980s, after coffee leaf rust—a devastating
fungal disease caused by the fungus Hemileia vastatrix—threat-
ened to devastate coffee production in Central America, the Ca-
ribbean, and Colombia. Throughout the process of intensifi-
cation, governmental and international institutions played an
important role. In Mexico, the now extinct National Coffee In-
stitute (INMECAFE), and elsewhere in Latin America, theWorld
Bank and USAID, promoted and incentivized coffee intensifica-
tion (Rice 1999). These institutions also promulgated amodernist
ontology associated with the green revolution (Gutiérrez 2017).

However, not all coffee fincas and adjacent small family units
adopted the same level of technification. This push to modernize
coffeeproductionhasproduced thediversematrixor “patchwork”
of traditional, rustic coffee andmore technifiedcoffee systems that
persist today (Rice 1999). The environmental diversity in which
coffeewas produced also rendered a patchwork of social relations.
On the one hand, there are the ejidos and small properties man-
aged by mestizo or indigenous farmers that use their own family
labor and that sell their coffee through small peasant cooperatives
(Martínez-Torres2006)or continue to sell their coffeeeither to the
neighboring fincas or to big transnationals. On the other hand,
there are large coffee plantations, which dominate the landscape
and continue to reproduce their old social organizationbasedon a
centralized political structure and the employment of wage labor
(both permanent and temporal), regardless of their ecological
configuration. Today, these fincas continue to export their coffee
to Europe and the United States, andmore recently also to Japan,
primarily within specialty markets, to accommodate their prod-
uct in an increasingly competitive environment and overflowed
market. This has been possible due to the exploitative relationship
with the land and people that often reproduces the old colonial
ideal, including a dualism between people and nature. However,
it is important to point out, as Toledo-Tello (2002) distinguishes,
that the owners of fincas are also a heterogeneous group and
that the mechanisms of exploitation that are often explored in
the literature are part of a more complex process, configured
throughout multiple social and historical factors.
The Coffee Intensification Gradient, Biodiversity,
and the Web of Relations That Sustain Life

The Gradient and Syndromes of Production

The patchwork of coffee management systems can be found not
only in the Soconusco region but also throughout the world. At
one extreme is the rustic system where coffee is planted in the
understory of a forest and no agrochemicals are applied, and
at the other extreme is the “sun coffee” system that consists of
This content downloaded from 037.046.1
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monocultures with substantial applications of pesticides and
synthetic fertilizers. Between these two extremes there is a wide
variety of systems that have different levels of density and di-
versity of trees and herbaceous plants. Almost 2 decades ago,
Moguel and Toledo (1999) classified the coffee production sys-
tems into a gradient that goes from a very diverse agroforestry
system to coffee monoculture based on the common practices
in Mexico (fig. 2). The most obvious feature of this coffee tax-
onomy is the arboreal component (i.e., the density, diversity, and
heterogeneity in the height of trees), but there are other features
that tend to follow the gradient, including density of coffee plants,
use of agrochemicals, and, to some extent, size of farms (fig. 3).
There is quite a variation in this gradient, and not all follow
the trend described in figures 2 and 3. In addition, due to cer-
tification programs that provide markets or higher prices for
“shaded” or “ecological” coffee, some large plantations in the
Soconusco region and elsewhere have maintained a certain level
of shade and minimized the use of synthetic agrochemicals in
spite of the general trend toward intensification (Jha et al. 2014).
There are also some large organic plantations that are mono-
cultures, although this is far less common.

The various types of coffee management systems could be
considered syndromes of production (Vandermeer and Perfecto
2012).A syndromeofproduction is a set ofmanagementpractices
that usually go together (Andow andHidaka 1989). For example,
coffeemonocultures tend to include high planting densities of so-
called improved varieties of coffee and applications of fertilizers
andpesticides.These farmsalso tend tobe large (110hectares and
frequently hundreds of hectares), employ hired labor, and are
characterized by a hierarchical structure in the way labor is or-
ganized. These characteristics can be recognized as the “planta-
tion” syndrome, or what in Mexico they call the finca. Another
syndrome of production is the multifunctional coffee farm. This
syndrome tends to be characterized by having diverse shade trees
that servemultiple purposes (including the provisioning of shade
to protect the coffee plants, nitrogen fixation, production of
firewood, production of fruits and other food, and the production
of medicines), traditional varieties of coffee planted at low den-
sities, and little or no external inputs (Toledo and Barrera-Bassols
2008). These farms tend to be small (!10 hectares and frequently
!2 hectares) and use mostly family labor. These farms frequently
adopt agroecological management schemes that rely on biodi-
versity to maintain the ecosystem functions necessary for the
productivity and sustainability of the farms (Altieri 2018; Perfecto
and Vandermeer 2015). These two syndromes correspond to
some extent to the two extremes of the management systems
described in figures 2 and 3.
Ecological Complexity and the Web of Interactions
That Sustain Life

With higher density and diversity of shade trees, there are
higher levels of biodiversity and, therefore, more potential for
ecological interactions, including higher-order interactions such
as indirect trophic interactions and trait-mediated indirect in-
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teractions. In other words, with higher biodiversity, the eco-
logical complexity of the system will increase (Vandermeer and
Perfecto 2017). A very simple example of how this occurs is
diagrammed in figure 4. Consider, for example, what happens in
a coffee monoculture where everything is controlled (weeds,
herbivores, etc.). In such a simple system, the only aboveground
interaction is intraspecific competition among the coffee plants.
If you introduce a pest, say, the green coffee scale, then you add
herbivory of the scale on the coffee plants. But since not all
coffee plants are attacked by the scale insects, rather than having
just these two direct interactions (competition and herbivory),
you also add a higher-order interaction because the scale insect
causes the plants that are not attacked by the scales to have a
This content downloaded from 037.046.1
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competitive advantage over the ones that are attacked (in other
words, the presence of the herbivore alters the rate of compe-
tition among the coffee plants). Now, assume that a new her-
bivore, a grasshopper, is introduced to the region. Then, rather
than adding one more interaction (herbivory of the grasshop-
per on coffee plants) for a total of four interactions, we end up
with seven interactions: the previous three, plus herbivory of
the grasshopper on plants that are attacked by scales, herbivory
of the grasshopper on plants that are not attacked by scales,
a higher-order interaction caused by the grasshopper changing
the rate of competition among the coffee plants, plus another
higher-order interaction that emerges because the green coffee
scale causes coffee plants to producemore caffeine, as a defense
Figure 2. Coffee intensification gradient. (Figure by David Brenner for Ivette Perfecto.) A color version of this figure is available online.
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mechanism, and that caffeine has a negative effect on the
grasshopper (fig. 4). It is easy to see how adding species adds
interactions in a nonlinear fashion. Since diverse coffee farms
can have thousands of interacting species, the potential for
ecological complexity and nonlinear dynamics is enormous.

Higher levels of biodiversity can also imply higher levels of
ecosystem functions, some of which can directly benefit humans,
regulation of herbivores (pest control), pollination, and carbon
sequestration, and others that are necessary to sustain nonhu-
man life. A recent meta-analysis linking biodiversity with eco-
system functions and life-sustaining processes shows that the
balance of evidence is positive but nonlinear (Cardinale et al.
2012). In other words, the ecosystem benefits provided by bio-
diversity increase with the species richness in a saturating fash-
ion, and after a certain point, additional species become re-
dundant. Although the conventional wisdom is that there is a
trade-off between crop yield and other beneficial ecosystem
functions such as biodiversity conservation, carbon sequestra-
tion, and pollination, the few studies that have examined trade-
offs in coffee or cacao farms have found little evidence for that.
For example, a study that examined the relationship between
yield and species richness for nine taxonomic groups in cacao
farms with varying levels of shade in Indonesia found that of the
nine taxonomic groups examined, only one, herbaceous plants,
showed a statistically significant negative relationship (Clough
This content downloaded from 037.046.1
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et al. 2011). Furthermore, when only endemic species of birds
and butterflies were considered, there still was no significant
negative relationship with yield. A study conducted in Puerto
Rico5 examined trade-offs among a variety of ecosystem func-
tions including coffee yield, pest control, pollination, and carbon
storage and similarly found no evidence of strong trade-offs
among them.
Impacts on Biodiversity

Empirical evidence accumulated over several decades shows
convincingly that biodiversity declines along the coffee intensi-
fication gradient (for an overview, see Perfecto and Vandermeer
2015). Although it is clear that rustic and diversified agroforestry
systems harbor more diversity of many taxa than coffee mono-
cultures, it is less clear what the pattern of diversity loss is along
the gradient. While some taxa seem to be fairly resistant to in-
tensification and do not show strong effects until very high levels
of intensification are reached, others are much more sensitive.
The patterns of diversity loss are also related to the actual sys-
Figure 3. Trends related to characteristics of coffee farms along the coffee intensification gradient. (Figure by David Brenner and
Ivette Perfecto.) A color version of this figure is available online.
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tems that are being compared, and there could be thresholds
related to the diversity and density of shade trees as well as with
the applications of pesticides within the system (Perfecto and
Vandermeer 2015). One of the most debated issues in the
conservation-related literature is whether diverse coffee farms
canmaintain diversity of organisms that require forest for their
populations to prosper (i.e., forest specialists). For example,
some conservation biologists argue that although studies show
that shaded coffee farms maintain high species richness, the spe-
cies composition is very different, with shaded coffee support-
ingmainly generalist species, and therefore, it cannot substitute
for mature forests (Donald 2004; Komar 2006; Tejeda-Cruz
and Sutherland 2004). However, from a long-term conserva-
tion perspective, this argument is misplaced. The relevant
questions should be whether diverse coffee landscapes serve as
high-quality matrices that allow the movement of forest spe-
cialists among forest patches and therefore promote the con-
servation of forest specialists as metapopulations (Perfecto,
Vandermeer, and Wright 2009). Unfortunately, very few stud-
ies take this long-term dynamical perspective or even examine
movement of organisms through agricultural matrices of dif-
ferent qualities.

Overall, the role of diverse shaded coffee farms in the con-
servation of biodiversity can be considered to be twofold:
(1) they can provide habitat to a diversity of organisms that
would otherwise go locally extinct in a landscape dominated by
intensive agriculture, whether coffee or other crops, or (2) in a
fragmented landscape, they can provide a high-quality matrix
This content downloaded from 037.046.1
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that can allow movement of forest specialists among forest
fragments, therefore maintaining populations of these organ-
isms as metapopulations.
Landscape Effects

The landscape is important not only as a matrix through which
organisms can move, but it also can influence biodiversity at
the local level. Although most studies comparing species
richness between shaded and unshaded coffee farms find
higher levels of richness in the shaded farms, sometimes those
differences are not significant. The variation of the results
of such studies has been attributed to landscape-level effect
(Steffan-Dewenter et al. 2002; Tscharntke et al. 2005,2012). A
growing body of research suggests that the benefits of diversi-
fied localmanagement are highly contingent on the structure of
the landscape, where improvements in biodiversity are maxi-
mized under intermediate levels of landscape complexity; the
“intermediate landscape complexity hypothesis” (Tscharntke
et al. 2012). At high levels of landscape complexity, with a
high proportion of noncrop habitat, biodiversity may be high
enough in surrounding habitat fragments to provide high levels
of biodiversity even in intensively managed farms (Batáry et al.
2010; Bianchi, Boij, and Tscharntke 2006; Chaplin-Kramer
et al. 2011; Landis, Wratten, and Gurr 2000). Contrarily, in
areas with a relatively homogeneous landscape (i.e., low system
diversity), too few source populations remain to allow success
colonization within agricultural areas (Eilers and Klein 2009;
Figure 4. Diagram representation of how the number of interactions and their complexity increases as the number of species in-
creases in a hypothetical agroecosystem. (Figure by Ivette Perfecto.) A color version of this figure is available online.
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Isaacs et al. 2009; Thies and Tscharntke 1999; Williams and
Kremen 2007). So, the prediction is that the effectiveness of
diversification in local (farm level) management will be higher
at intermediate levels of landscape complexity. Unfortunately,
too few studies of coffee have taken this landscape-level ap-
proach, and the validity of the intermediate landscape com-
plexity hypothesis is still to be verified.

Farm size may also help explain some biodiversity patterns
at the landscape level. If the landscape is dominated by large
plantations (hundreds or even thousands of hectares), as is the
case in the Soconusco region of Mexico, we would expect lower
levels of biodiversity at the landscape level because the owners
of the plantations tend to manage their land in more or less the
same way throughout the entire area of the farm (Tscharntke
et al. 2008). On the other hand, if the landscape is dominated by
small-scale farms, the landscape heterogeneity will tend to in-
crease, since many more farmers are making decisions inde-
pendently about what trees to plant. Small-scale farmers also
tend to plant other crops, including milpa, in addition to the
coffee and tend to have farms that are multifunctional. This
suggests that a transformation from a large plantation ecology
to a small-scale farm ecology could increase biodiversity at the
landscape level. A study of a heterogeneous coffee landscape
dominated by small-scale farmers highlights the importance of
these landscapes in biodiversity conservation (Leyequién, De
Boer, and Toledo 2010).

Agricultural intensification leads not only to the reduction of
biodiversity at the farm level but also to the simplification and
homogenization of the landscape, which further affects biodi-
versity at the farm and landscape levels (Benton, Vickery, and
Wilson 2003). This process has been well documented for
Europe’s arable lands (Stoate et al. 2001) and Great Britain in
particular (Robinson and Sutherland 2002). However, given
what we know about the loss of biodiversity in large-scale tech-
nified coffee plantations, it is reasonable to assume that land-
scapes dominated by large plantations would have less biodi-
versity than those dominated by small-scale coffee farmers.

In summary, the biodiversity contained with the coffee
farms supports the web of relations that sustain life, making
diverse shaded farms multifunctional farms. Diverse shaded
coffee farms contribute to the conservation of biodiversity
by providing habitat to some species and by forming a high-
quality matrix for species that need old-growth forest to survive
and reproduce in the long term. Finally, the landscape structure
and the size of farms also influenced biodiversity, with more
heterogeneous landscapes with a mosaic of small farms being
the most beneficial for biodiversity conservation.

Unexpected Consequences of the Simplification
of the Landscape

Case Study of Coffee Rust

In spite of efforts by a variety of organizations that recognized
the benefits of shaded coffee for the conservation of biodiver-
sity (Smithsonian Migratory Bird Center, Conservation Inter-
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national, etc.), many coffee landscapes in Latin America, in-
cluding those in the Soconusco region, have been transformed
to more homogeneous landscapes (Jha et al. 2014). This ho-
mogenization, which can be considered a process of defores-
tation at the landscape level, can have unexpected consequences.
Indeed, there are some indications that the 2012–2013 outbreak
of coffee rust that devastated coffee production in Mexico and
Central America may have been caused by the simplification
of the landscape (Avelino et al. 2006, 2012; Boudrot et al. 2016;
McCook and Vandermeer 2015; Vandermeer, Rohani, and Per-
fecto 2015).

Coffee rust disease caused panic when it first arrived in Brazil
in the 1960s (Cressey 2013). Indeed, panic may have been the
rational response given the history of this devastating fungal
disease (McCook and Vandermeer 2015). In the late nineteenth
century, Sri Lanka (then called Ceylon) was an important eco-
nomic center for the British Empire, and its economic mainstay
was coffee. When curious yellow spots began appearing on
the coffee leaves, only a few prescient plant pathologists saw
the potential for an outbreak. Yet, only a few short years later, the
disease became so widespread on the island that the colonial
administration had to take the decision to effectively abandon
coffee production entirely. Similar outbreaks ended coffee pro-
duction in Sumatra and parts of India as well. Indeed, this was
one of the reasons that coffee became so dominant inmany areas
of Latin America.

When coffee rust arrived in the Americas, apparently carried
across the Atlantic Ocean from western Africa in stratospheric
wind currents, the response by coffee producers was under-
standable, given the history of the disease in South and South-
east Asia. Without fully understanding its ecology or epidemi-
ology, agronomists rushed to recommend management for the
control of the disease. Coffee rust is a disease caused by the fun-
gus Hemelia vastatrix. Since the spores need droplets of water
to germinate, as many fungi do, it was assumed that shade trees
promoted rust by maintaining a more humid environment. It
was also assumed that plants with proper nutrition would be able
to better resist the disease. Therefore, in addition to the appli-
cation of fungicides, the management recommendation given to
farmers at that time was to fertilize, to prune the coffee plants (to
regenerate new shoots), and to eliminate the shade. Of course,
not all farmers followed these recommendations, for a variety of
reasons. Yet, after that initial arrival and spread through the re-
gion (in the early 1980s to Central America) and after much
hand-wringing, the disease never became the disaster that was
predicted based on the historical devastations it caused in Sri
Lanka and other parts of Asia in the nineteenth century. Al-
though it was a problem for farmers, clearly reducing production
to some extent and bursting to epidemic levels in some places, it
never exploded to the level of a regional epidemic as it had done in
Asia 200 years earlier. As a result, complacency replaced panic.

At around that same time, countries in Central America were
acquiring an enormous external debt owed primarily to the
World Bank and other international banks. Worried about po-
tential defaults, the United States provided funds through
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USAID to promote export crops in the hopes that increased
agricultural exports would generate enough capital to pay the
debt interest. One of the USAID grants went toward the tech-
nification of coffee in Central America. Governments started pro-
viding incentives to coffee farmers to plant new “high-yielding”
varieties in a denser arrangement and to eliminate shade trees.
Coffee rust was used as an excuse to promote this new tech-
nological package in spite of the lack of scientific evidence that
the elimination of shade trees could help control the disease. As
a result of this process of coffee technification, many farmers—
large, medium, and small—eliminated or dramatically reduced
shade trees in their farms. Furthermore, since shade trees serve
an ecological function, including adding nitrogen (if the trees
are N-fixing species), suppressing weeds, buffering micro-
climatic extremes, and increasing diversity of natural enemies
that help control pests, their elimination implied the addition
of agrochemical inputs, especially fertilizers and herbicides.

In 2012, quite unexpectedly, rust disease made its appearance
as an epidemic throughout the coffee-growing regions ofMexico
and Central America. News headlines covered the havoc caused
by the outbreak, including not only yield losses that in some
cases reached 50% but also social consequences such as the loss
of farmworkers’ jobs due to the abandonment of farms, small-
scale farmers losing their farms, and increased migration to the
United States by farmers and workers who lost their livelihoods
due to the disease outbreak (Avelino et al. 2015; Kumari Drap-
kin 2014). The FAO (Food and Agriculture Organization of the
United Nations) in collaboration with Central American gov-
ernments held emergency summits where technical experts
were hailed as potential saviors, even though they had failed so
miserably to anticipate the epidemic. The technocratic recom-
mendations emerging from these meetings were predictable:
fertilize, prune the coffee plants, eliminate the shade. But this
time coffee researchers added two new recommendations: find
the next generation of fungicides and breed the next generation
of resistant coffee varieties.

Given this history, there are two questions that need to be
answered. First, why did the rust not become so devastating
immediately after its arrival, remaining a chronic problem, but
for almost 3 decades never reaching the level of epidemic it
had reached earlier in Asia. Second, what caused the very sud-
den regional outbreak in 2012/2013? To answer these ques-
tions, the basic biology and epidemiology of the disease must
be understood.

The tell-tale yellow spots on the coffee leaves are groups of
spore-containing organs that emerge from the stomata on the
undersurface of the leaves. The spores are then dispersed. Once
dispersed, the spore needs a small droplet of water to germi-
nate, whence it enters the leaf tissue through the stomata. It
then grows within the leaf, effectively destroying the leaf tissue
as it grows, eventually completing its life cycle by emerging
through stomata with its spore-bearing structures. There are
three interrelated ecological issues involved in understanding
the time course of the disease: (1) dispersal of the spores,
(2) germination of the spores, and (3) survival of the spores.
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The spores are dispersed by three mechanisms: wind cur-
rents (both local and regional), leaf-to-leaf contact, and splash.
The germination of the spores requires a minimal amount of
moisture, and the survival of the spores is compromised by at
least twomajor natural enemies of rust—amycoparasite, which
is another fungus called the white halo fungus (Lecanicillium
lecanii), and the larvae of a small fly that eats the spores (Myco-
diplosis hemeliae) (Hajian-Forooshani et al. 2016; Jackson, Skill-
man, and Vandermeer 2012). All of these factors are strongly
affected by the production style of coffee, what we have come
to call the “syndrome of production.”

In a previous section, we discussed the syndrome of pro-
duction and described a gradient from shaded, diverse, multi-
functional systems to input intensive coffee monocultures.
Walking or driving through coffee landscapes, one is impressed
with what frequently seems like a bimodality, with many farms
containing high levels of shade and others in full sun, with only
a few that are intermediate. The common occurrence of shade
coffee and, importantly, its gradual replacement by sun coffee
starting in the 1980s through the 2010s, along with general
deforestation in the overall region, can explain not only the
increase in rust disease but also the suddenness of its epi-
demic status.

As the tree cover in many coffee landscapes decreases (both
through deforestation and coffee technification), the winds that
formerly were above the tree canopy penetrate to lower levels,
increasing the potential for dispersing spores. Furthermore, in
the sun coffee syndrome (coffee monoculture) the coffee plants
are planted very close together, such that leaves from one coffee
plant frequently are in contact with leaves from neighboring
plants, thus increasing the probability of transmission through
contact. Finally, the twomajor natural enemies of rust itself, the
white halo fungus and the small fly, both decrease in sun coffee,
especially when fungicides and insecticides are applied. On the
other hand, humidity does tend to be higher in shaded coffee
farms, and therefore the probability of spore germination is
likely to increase in shaded coffee.6

Given this natural history, it is easy to see how either in-
creasing or decreasing the shade in the system could affect rust.
If we decrease tree cover, we (1) increase wind-borne dispersal
of spores, increase contact-dispersal of spores, and reduce the
effectiveness of natural enemies but (2) decrease the rate of
germination of the spores themselves. If we increase the tree
cover, these effects are reversed. To some extent it is obvious
that where we start transforming the system will determine the
relative importance of these two contradictory consequences.
Presuming that a large region has very little rust and a large
amount of tree cover in both the coffee farms and the sur-
rounding landscape, the disease cannot get much of a foothold
because of the low efficiency of dispersal. But as the general
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landscape becomes deforested though the elimination of shade
cover in coffee farms and deforestation of the surrounding
landscape, rust dispersal slowly becomes more efficient, both
because of the increase in factors that facilitate rust transmis-
sion and because of the slow accumulation of rust at a regional
level, which increases the spore load in the air generally. As a
result, as the process of deforestation continues, the natural
history of the system suggests that there will be a tipping point,
or critical transition, toward a rust epidemic. The basic process
is illustrated in figure 5 and has been modeled by Vandermeer,
Rohani, and Perfecto (2015). Furthermore, the application of
fungicides is likely to reduce many fungi in the system, in-
cluding mycoparasites of rusts, like the white halo fungus,
thereby accentuating the tipping point.

The system is also characterized by hysteresis, or a lag time
in rust incidence with a change in tree cover (fig. 5). In other
words, the system follows a different trajectory on its way to a
rust outbreak than to go back to the original low levels of rusts.
This is important from a management perspective because it
means that if a program of reforestation of coffee farms and the
general landscape is started, the level of tree cover required to
transition back to very low levels of rust will be much higher
once an outbreak has occurred than the levels just prior to the
outbreak (fig. 5).
Consequences at the Landscape Level

After 5 years of devastating losses due to coffee rust, the out-
break seems to be subsiding in Central America and Mexico.
The elimination of older coffee bushes and their replacement
with new resistant varieties seems to be working, at least tem-
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porarily. Ironically, a consequence of the coffee rust epidemic
was the further simplification of the landscape. This occurred
by two main pathways. First, many farmers, especially those
with capital resources, replaced old coffee bushes with new
resistant varieties, and the shade trees were eliminated or dra-
matically reduced (authors’ observations through the Soco-
nusco region). This happened mainly in large plantations and
therefore affected entire coffee landscapes. This is certainly
what has happened in the Soconusco areas in the last few
years (fig. 6a). The other process of landscape simplification
occurred when farmers already living on the edge of economic
viability suffered a major blow with the rust epidemic and
decided to abandon coffee altogether and plant something else,
frequently cattle or some annual crop (fig. 6b).

Regardless of the process, the consequence of the rust out-
break has been further simplification of the landscape, which
can lead to future outbreaks, with higher frequency. For ex-
ample, some of the rust-resistant varieties are susceptible to
ojo de gallo, another fungal disease. Furthermore, evolution of
rust is inevitable and is already happening, as “resistant” va-
rieties are already showing signs of rust infection (authors’ per-
sonal observations; Brown 2017).
The Effects of Coffee Fincas on Human Dynamics
in Contemporary Times

Migration, Vulnerabilities, and Inequalities

So far in this article, we have explored how coffee plantations,
or fincas, as a historical and ongoing syndrome of production
in the Soconusco, have important implications in nonhuman
interactions, biodiversity, and ecosystem functions. Specifi-
cally, we have presented the effects of intensification of the
coffee landscape—epitomized in large-scale operations—on a
major disease outbreak, coffee leaf rust. Because coffee land-
scapes are both socially and ecologically constructed, now we
would like to bring attention to the social complexity of these
systems in the Soconusco region.

The formation of fincas in Soconusco responds to a unique
historical process and environmental conditions and to po-
litical processes that have allowed these settlements and social
structures to remain since the nineteenth century. In this sec-
tion, we discuss the most critical characteristics and social pro-
cesses that make these systems unique, and the ways in which
these systems influence the lives of both permanent and tem-
porary farmworkers today.

A central characteristic of coffee plantations is that popula-
tion settlements are concentrated and often distributed around
the processing infrastructure or beneficio, resembling a town
(Pohlenz Córdova 1994), where social interactions go beyond
mere labor relations, thus creating a whole mode of under-
standing both owners and workers’ livelihoods, referred to as
cultura de finca (plantation culture) (Toledo-Tello 2002).
Around such arrangement there is the administrative office,
sometimes the church, mechanical maintenance shops, the
Figure 5. Results from a simulation model describing the rela-
tionship between the amount of tree cover in a region and the in-
cidence of coffee rust. Model outcome includes critical transitions
(dashed arrows) and a hysteretic zone (green shadow area) (from
Vandermeer, Rohani, and Perfecto 2015). A color version of this
figure is available online.
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store, the patron’s house,7 commonly called la casa grande (the
big house), the houses of the employees of higher rank (mayor-
domos and caporales), the rancherias, where permanent work-
ers live with their families, and the galleras (shared housing)
where single or temporary workers live. In the fincas, the patrón
or its employees can own the stores (no longer tiendas de raya),
but there are also independent street vendors or independent
tienditas, where people sell some groceries and canned goods
from their homes or in the street. During payday, itinerant
markets coming fromGuatemala come to the farms and supply
people with other goods from themarket, such as rubber boots,
clothing, lamps, knives, etc. (Pohlenz Córdova 1994).

The labor intensiveness of the coffee plantation requires the
contract of a labor force that today is primarily hired from
Guatemala and constitutes an important economic motor for
this region (Pohlenz Córdova 1978). Migrant workers com-
plement the population settlements of these fincas through-
out the year, but particularly during the harvest season from
September to the end of December. At the beginning of the
harvest season, entire families and single migrant workers travel
through the Sierra Madre to arrive at coffee plantations in Chi-
7. The meaning of the patrón, or the owner of the plantation, often
carries with it a sense of debt, respect, authority, and sometimes fear. People
sometimes refer to the patrón as a “second father” (M. E. Jiménez-Soto,
personal field notes).
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apas, transported by a contratista or contractor. People travel
at least 8 hours in a redila truck, bringing food from their own
plots, bags of clothes, and dishes to make their own food at the
communal kitchens within the workers’ shacks during the har-
vest season.Many of these seasonal workers are peasant farmers
back in Guatemala and use the money generated during the
three to fourmonths of wage labor in the Soconusco plantations
to buy feed for their animals, seeds, tools, and other things that
allow them to maintain their plots back home. This constitutes
the semiproletarian sector of the labor force in coffee planta-
tions. The temporary goal of semiproletarian families and single
workers is to harvest as much coffee as possible during the time
they work in the plantation, since workers get paid per amount
of coffee harvested and not per day or tarea (assignment). As
a result, the involvement of all the members of the family in
the harvest of coffee becomes a common practice. Plantations
cannot officially hire minors for harvesting coffee or pay them
or register them in the payroll, and sometimes these rules are
enforced by requiring minors to attend the finca schools. This
is often resisted by families, who benefit from more hands to
harvest coffee. At the same time, because the region faces labor
shortages due to low and unstable prices of coffee and poor
exchange rates between quetzales (Guatemalan national cur-
rency) andMexican pesos, it is possible to think that owners of
plantations also benefit from the work of entire families, whose
work buffers against such labor shortages in the region. This
dynamic may present migrant farmworker families with a di-
lemma since, ideally, they would want to make enough money
Figure 6. Recent transformation of the coffee landscape in the Soconusco region in Chiapas, Mexico. a, Recently renovated coffee
plantation where new coffee varieties were planted and shade was removed after the coffee rust outbreak of 2012. b, Area recently
converted from shaded coffee to cattle pasture. (Photos by Ivette Perfecto.) A color version of this figure is available online.
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to make their journey to Mexico worth the effort, and at the
same time they would also want their kids to be able to get an
education. Unfortunately, under current sociopolitical and eco-
nomic conditions, they are forced to choose, and they typically
choose the economic benefit. Ironically, this pay structure also
means that those workers focused on economic benefits alone
prefer to work in the more intensive plantations because the
coffee is planted in higher densities and the yields tend to be
higher (as a result of high agrochemical inputs).

The upsurge of migration has gained some scholarly at-
tention as farmworkers in large coffee plantations experience
very low wages, exploitation, structural violence, and food in-
security (Renard 2011). Some authors have considered farm-
workers the most marginalized actors within the coffee pro-
duction chain (Oxfam International 2002). Additionally, the
barriers to transnational mobility frequently force immigrants
into an undocumented status, which makes them more vul-
nerable to exploitation (Harvey 2005), mistreatment, and abuse
by authorities, with no opportunities for better labor conditions
and wages (Renard 2011). Working and living conditions of
these laborers are often deplorable, lacking basic living re-
quirements such as clean water and healthy food (Oxfam In-
ternational 2002; Renard 2010) and exposing them to pesti-
cides (I. Perfecto, personal observation). In addition, seasonal
farmworkersmight experience higher food insecurity and even
seasonal hunger during periods of scarce work (higher during
the harvest season), as has been shown for farmworkers in the
United States (Brown and Getz 2011; Cason et al. 2004; Grauel
and Chambers 2014; Pérez-Escamilla and Putnik 2007; Reeder
2000; Trejo et al. 2013; Weigel et al. 2007).

The subsistence value of biodiverse coffee systems draws on
the potential of growing and using a variety of resources other
than coffee within the agroecosystem and adjacent plots (Mén-
dez et al. 2010). There is an increasing interest and awareness
that biodiversity conservation can have positive effects on food
production and livelihoods (Arnold et al. 2011; Méndez, Ba-
con, and Cohen 2013; Thrupp 2000). Such is the case for tra-
ditional coffee polycultures and indigenous agroforestry sys-
tems (Bandeira, López-Blanco, and Toledo 2003; Soto-Pinto
et al. 2000). But despite the benefits of highly biodiverse coffee
plantations, coffee farmers and farmworkers frequently ex-
perience seasonal hunger and food shortages (Fujisaka 2007;
Morris, Méndez, and Olson 2013; Shriar 2007). Food-related
challenges are mostly reported from smallholdings. Yet, farm-
workers’ food security on large plantations, which represent a
historically and currently important sector of coffee production
in this region, have not been sufficiently explored.

Coffee pests and diseases as well as natural disasters in the
Soconusco region are also a threat for both migrant and per-
manent workers. For example, in 2005 hurricane Stan had
devastating consequences in Chiapas. Several coffee planta-
tions lost their production, and roads were blocked by land-
slides and destroyed bridges, leaving entire communities with
no land communication (Renard 2011). Therefore, finca own-
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ers were unable to provide food and other basic necessities for
their workers, and they feared rebellions (M. E. Jiménez-Soto,
personal field notes). The devastating rust outbreak in Meso-
america has also led to scarce work for migrant workers who
depend on coffee plantations for the family subsistence. Mar-
tínez, Gutiérrez, and Guevara (2013) estimated a reduction of
90,000 seasonal jobs (a 45% reduction) in the coffee industry
associated with production losses that followed the rust out-
break in 2012. In addition, in 2013 families of seasonal workers
who did not have family plots back at home experienced, on
average, a 26.5% reduction in income, and 18% for those with
family plots. At the household level, studies have suggested that
women suffer the hardship of coffee leaf rust outbreaks, as
many times they stay at home or look for off-farm income to
provide for their families as husbandsmigrate to the cities (Rice
2017). This provides some evidence that seasonal farmworkers
are among the most vulnerable within the coffee production
chain, but evenmore vulnerable are those that depend solely on
coffee plantations for their livelihoods (Martínez, Gutiérrez,
andGuevara 2013). Additionally, in the case of semiproletarian
families, the fact that they own land back at home allows them
to exercise their peasant autonomy; for example, they may ask
for family members or friends to bring animals and vegetables
from their plots during the harvest season to complement their
meals. On the other hand, permanent workers can be consid-
ered a more dependent and vulnerable sector, since they do not
own land or a house but maintain a sense of belonging to the
plantation. If they lose their job, they lose their “home” literally
and metaphorically. Some of these workers have a created a
sense of belonging with certain plantations, a relationship that
sometimes goes back several generations. In the Soconusco
plantations, for example, it is common to find workers that
were born in the plantation, as well as their parents and grand-
parents. Since the plantation provides housing to the workers,
these permanent workers are also more exposed to becoming
homeless workers as they become older and cannot work any
longer for the plantation ormigrate to theUnited States or north
of Mexico to work for large industries.

Finally, structural inequalities are present not only across
the hierarchies of labor in the plantation, but also within the
lowest ranks of farmworkers. For example, finca owners would
often refer to Guatemalan farmworkers as hard-working peo-
ple, obedient and strict. These characteristics are preferred for
higher-rank positions that require management of groups of
people in the fields, such as the caporal, whomakes sure that all
the assignments are done correctly by lower-rank farmwork-
ers. This reputation often carries an attitude of arrogance that
is not well accepted by “the locals” and creates disputes be-
tween Guatemalan and Mexican plantation workers (M. E.
Jiménez-Soto, personal field notes). This phenomenon makes
it difficult for farmworkers to realize that the inequalities ex-
perienced are systemic and part of a scheme that justifies
structural violence and oppression inherent in the plantation
system. A similar phenomenon has been described by Holmes
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(2013) for migrant farmworkers in strawberry fields in Cali-
fornia, where farmworkers experience both structural and
symbolic violence8 that normalizes racism, translating into
abusive work relations and hierarchies, segregation, and unequal
living and working conditions among workers with different
rankings.

Conclusion: The Socioecological Landscape

The ecological and social relations we have described form part
of the socioecological landscape of coffee landscapes. These
landscapes are frequently mosaics of different syndromes of
production and different social relations of people with nature.
Although it is possible to find regions where all of these syn-
dromes of production are mixed with various social relations,
for the most part landscapes are dominated by one or two
syndromes of production, and these tend to have particular
social relations associated with them. In the Soconusco region
the landscape is highly influenced by large coffee plantations
owned by people of German descent. The majority of these
plantations are 300 hectares, the maximum size allowed by the
Mexican Constitution, and have the typical exploitative social
arrangement and hierarchies associated with the plantation
system. However, their management ranges from intensive
monocultures with high levels of agrochemical applications to
highly diverse organic (or even biodynamic) management. In
addition, by the periphery of these large plantations (and as a
result of land struggles and land reform), there are a few ejidos
with small-scale coffee farmers. Their farms tend to be diverse
and their labor tends to be restricted to family members and a
few contracted temporary workers for the harvest. This rich
fabric of social arrangements creates an ecological landscape
shaped by people’s interaction with nonhuman nature. One
thing that is clear in this landscape is that the dichotomy of
large plantations with exploitative social and environmental
arrangements versus the small-scale farmers with family labor
and stewardship of the land is not a clear-cut dichotomy and
needs to be further explored. However, the presence of coffee
rust in the region suggests that the trend toward landscape
simplification, through the elimination of shade trees within
the plantations and deforestation in the landscape as a whole,
generated the ecological conditions for the spread and out-
break of the disease by promoting its dispersal by wind and
reducing control by natural enemies. Since the disease had
been present since the 1980s and did not become epizootic
until the 2012–2013 season, this likely represents an example
of a critical transition (from low to high coffee rust levels).
Moreover, this transition is also characterized by hysteresis,
8. In this context, symbolic violence refers to the subtle naturalization
of inequalities arising from the social perceptions of the powerless and
powerful, often in benefit of those with higher power (see “Symbolic sys-
tems as instruments of domination” in Bourdieu [1979]).
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because the trajectory toward low coffee rust levels will most
probably have to follow a different path than the pathway that
led to the disease outbreak (fig. 5).
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