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ABSTRACT
Despite the fact that swidden agriculture has been the subject of decades of
research, questions remain about the extent to which it is constrained by demographic
growth and if it can adapt to environmental limits. In this dissertation I analyze
ethnographic and ethnohistorical evidence from the Toledo District, Belize, and suggest
that Q’eqchi’ Maya swidden agriculture may be more ecologically adaptive than
previously thought. I use social network analysis to examine farmer labor exchange
networks from a chronosequence of five villages where swidden is used. Results suggest
that changes in land-use patterns, network structure, and reciprocity rates may increase
the system’s resilience to changes in the forest’s agricultural productivity. I develop a
novel interpretation of labor reciprocity that highlights how unreciprocated exchanges,
when they occur within the context of a social network, may limit overexploitation of a
common property resource. These results are then interpreted in the context of panarchy
theory; I suggest that the structural variability observed in labor exchange networks may
explain how Q'eqchi' swidden maintains its identity under changing environmental
conditions – a definition of resilience. Thus, the resulting picture of Q'eqchi' swidden is
one of socioecological resilience rather than homeostasis; dynamic labor exchange
networks help maintain a village’s social cohesion, ultimately limiting pioneer
settlements and slowing overall rates of deforestation. A historical and demographic
analysis of market incursions into southern Belize supports this conclusion.
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CHAPTER 1 - INTRODUCTION
Introduction
When most people think of swidden agriculture, the image they conjure is of
billowing smoke and the crackling sound of ancient trees as they burn and are reduced to
ash. Some that have perhaps spent time in the tropics may also think of the corn that
grows in the ashy residue of this destruction, and maybe the patchwork of fields that later
emerges and which is sometimes visible as one drives through the hills of Guatemala or
Belize, or as one flies over the lowlands of Central and South America. Those that
actually use swidden to provide food and income for their families have many
consideration after burning their fields: will it be a “good” burn that reduces all the trees
to ash so that planting will be easy? Once I plant, will there be just enough—but not too
much—rain for the young corn to grow? How can I keep animals out of my field? Who is
going to help us plant? Who will ask me to help plant? And then, in most Maya villages,
there is the pleasure of tasting the first lob of the season, a sweet drink made from young,
green corn.
But even among many Maya there is a widespread belief about the
destructiveness of swidden agriculture. In a survey conducted for this project, seven out
of ten Q'eqchi' villagers thought swidden agriculture was “bad for the forest.” Is this a
learned belief that has become common after hundreds of years of interaction with British
colonialists, and later conservationists, who place value on trees for their own reasons?
Or is there some essential truth, understood even by the people who practice it, that
swidden works well only when the rate of population growth is low and when land is
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abundant? Or perhaps there is a third option: might there be yet-to-be appreciated social
behaviors, structures, or norms of those who practice swidden agriculture that are adapted
to account for the idiosyncrasy and capacity of local ecology? The main goal of this
dissertation is to begin answering this question.
I first visited Belize with my father in 1987 after seeing a segment about the
country on the television program 60 Minutes. After earning a Bachelor’s degree in
archaeology at Boston University in 1994, I returned repeatedly over the next several
years to work on archaeology projects in the Belize and Orange Walk Districts. I first
visited the Toledo District in 2005 to begin preliminary dissertation fieldwork. When I
arrived in Punta Gorda, the main market town, with my family in the winter of 2007, my
initial plan was to conduct a household survey and agricultural field-mapping project in
the village of Crique Sarco where I had several contacts. But during my first few weeks
in the field I learned that there were two other villages nearby that had been settled within
the past twenty years and I decided to expand the scope of the project to include them
because their recent founding would allow me to test whether people in the younger
villages behaved differently because of their more abundant resources.
Shortly after my fieldwork began, I confronted swidden’s destructiveness on a
visit to one of the younger villages in my study. I had spent the day with my field
assistant and a man from the village visiting fields, mapping them, recording the history
of their use, and taking soil samples. While walking back to the village we passed a large
fourteen-acre field that had recently been cleared and burned and which was crisscrossed
with huge fallen and scorched trees. Far across it we could see a small group of men
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planting rice, and we decided to walk over and talk to them. As we began to cross the
blackened field we realized the brush had not completely burned and that it would be
easier, given their enormous size, to walk across the fallen trees rather than around them.
We traversed perhaps a third of the field on a catwalk of fallen, ancient, Yemeri trees
(Vochysia hondurensis). I later asked my assistants why the farmer had not bothered to
cut these trees into boards and sell them, for there was an excellent market for lumber at
this time and several men in the village had powerful chainsaw mills designed for this
purpose. Rice is, after all, a cash crop in Belize and selling the lumber was an obvious
way to benefit from the work the farmer had put into clearing the land. He replied that the
land the village sat on and the surrounding fields were actually owned by an old, private
corporation. The men in the village were afraid to sell the lumber from their fields
because the landowner would get upset and throw them off the land. Apparently, cutting
and burning 100-year old trees was condoned but cutting and selling the trees was not.
This experience brought into focus just how destructive swidden agriculture could
be. I suspect I was faced with the same emotional response generations of European
colonists, and now conservationists, must have felt when seeing such an overtly wasteful
use of old-growth forest. Those ancient trees were cut down for a single year’s worth of
rice. The field would likely be planted in corn perhaps for another year after that, and
then, if spared conversion to cattle pasture, it would be perhaps 75 years before it
approached its original forested state. But in this case, even the economics were
irrational; if these farmers were going to sacrifice primary forest, at least they should get
the maximum return on their efforts and on the forest’s valuable resources by selling the
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lumber. Even this was prevented, however, by the area’s complicated land-rights history.
Yet despite these complications, this village was considered by one of my trusted
Q'eqchi' advisors to be one of the best examples of a highly “functional” Q'eqchi' village.
All of its residents were Catholic, the entire village worked closely together on
agricultural tasks and continued to practice the old Maya agricultural majehak ceremony.
If this was true and still its agricultural activity was so overtly destructive, was
contemporary Q'eqchi' social organization insensitive to the resulting environmental
damage? My study of swidden agriculture was quickly getting complicated.
Data collection
I began preliminary research for this dissertation in the Belize in June 2005. The
main study site was a group of five Q'eqchi' villages in the southernmost part of the
Toledo District. I choose these villages mainly because they ranged in age from one of
the oldest in the area, to a very young one settled just two years before this visit. Two
villages were exclusively Q'eqchi'-speaking, while some people in the other villages
spoke both Q'eqchi' and English. Figure 1 shows a map of the study area. I conducted the
majority of my fieldwork between February 2007 and June 2008. The main components
included a 5-village household social network survey1, an extensive agricultural fieldmapping project2, soil sampling, archival research, and open-ended interviewing on a

1

Parts of the household survey were conducted collaboratively with James Stinson, a
doctoral student at the University of Toronto.
2

Field mapping was conducted in collaboration with David Buck, a doctoral student at
the University of Florida.
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wide variety of topics including agricultural practices, land-use history, oral history,
village leadership, and Q'eqchi' cosmology.

Figure 1: The study site in Belize, Central America.
My time in the field was spent somewhat unevenly between villages. Crique
Sarco served as my primary field location and is the village I know, and where I am
known, the best. It is here that I conducted most of my ethnographic work and participant
observation. At the time of my fieldwork, I could only access Graham Creek and
Machakilha by foot so interviews, survey work, and mapping in those villages were
conducted during multi-day expeditions. The rest of my time was spent in Punta Gorda,
the local market town, where I maintained a small house that served as a home base. My
family accompanied me for the first five months of fieldwork, until the financial strain
forced my wife to find work back in Tucson. For remainder of the fieldwork I split my
time between Belize and Tucson. When I was in Belize I was free to spend all of my time
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in the villages, except for periodic restocking trips to town, or if I needed to conduct
archival research in Punta Gorda or the national archives in Belmopan
Explanation of dissertation format
This dissertation seeks to address a paradox between the apparent destructiveness
of Q'eqchi' swidden agriculture and its pervasiveness around the globe and throughout
human history. To do this I take an analytical approach that seeks to explain swidden’s
resilience as practiced by the contemporary Q'eqchi' Maya of southern Belize. As I am
referring to it, resilience is understood to be the ability of a system to maintain its
structure and identity in spite of forces that might challenge its integrity. In this study the
“system” in question is the suite of knowledge and social practices, that is to say, culture,
as it is instantiated in southern Belize during the mid-nineteenth and twentieth centuries
by the Belizean Q'eqchi'. While the ancestors to these people are indigenous to
Mesoamerica, and it is likely they used some form of swidden for thousands of years, this
study focuses exclusively on the development of the particular form of swidden used by
the Q'eqchi' in southern Belize during this time period. I am constraining the study in this
manner because Q'eqchi' swidden practices have persisted throughout this period in spite
of periodic market incursions that could have challenged their basic identity.
This dissertation explores the resilience of Q'eqchi' culture and is structured
around three “publishable” papers. Each paper examines one or more of the following
aspects of Q'eqchi' culture: social networks, the organization of swidden labor, or social
history. The first paper focuses on the macro-level structure and evolution of Q'eqchi'
labor exchange networks and analyzes how they relate to Q'eqchi' leadership norms. The
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second paper also uses social network analysis to explore labor exchange networks, but
focuses on reciprocity and antipathy between individual farmers as a possible explanation
for how the Q'eqchi' manage the forest commons without hierarchical environmental
leadership. The third paper analyzes a 120-year baptism record and draws on oral history
interviews to explore the historical relationship between demographic growth,
agricultural overexploitation and cyclical market incursions as candidate explanations for
village settlement patterns in the 20th century.
Since each of these papers will be published in separate venues, the first two
chapters of the dissertation provide theoretical context and an initial synthesis of my
work. I begin with as brief review of relevant literature about the Maya in Belize, a
historical survey of swidden scholarship, and a discussion of complex adaptive systems
and social networks in ecological anthropology. In Chapter Two, I summarize the key
findings of each of my papers, and synthesize how my work begins to incorporate
appreciation for non-linearity and complexity into the venerable discourse on swidden
agriculture.
Review of literature
The approach I follow in this review is to trace the history of swidden scholarship
beginning with T.R. Malthus and ending by arguing for the value of a complex adaptive
systems approach to swidden agriculture. One of my goals is to highlight an important
transition in the mid-1970s when most studies shifted away from assuming that swidden
systems are homeostatically regulated, towards analyzing them in the context of the
global economy. This shift produced important insights about the relative power and

18

agency of swidden producers in the colonial and post-colonial period, but I suggest that a
concomitant dearth of more traditional “socio-ecological” studies of swidden systems has
resulted in little improvement in our understanding of the fundamental humanenvironment relationship of swidden cultivation. During this same time period
mathematics, networks, ecology, and socio-ecology have all begun to develop theories
that account for chaos, non-linearity, and complexity. Swidden scholars seem to have
been slow to incorporate these new approaches into their studies, however, and this
disjuncture is where I position my current study. I review the strengths and weaknesses of
one theory in particular. “panarchy theory”, which has gained significant momentum for
incorporating non-linearity and complexity into a framework for analyzing coupled
human-natural systems. One important criticism of applied panarchy theory, known as
“adaptive management”, is (somewhat unsurprisingly) that it fails to account for social
power and the disproportionate effect global factors have on local resource management.
Accordingly, I suggest that the goal of a complex adaptive systems study of swidden
agriculture should not be simple functionalism, but rather should integrate a political
economic analysis.
The Belizean Q'eqchi'
The Belizean Q'eqchi' are relatively well know ethnographically and historically.
The best known and most frequently cited ethnography is Household Ecology by Richard
R. Wilk (Wilk, 1997). It is based on fieldwork conducted in the late 1970s and is the most
complete ethnographic and ethnohistorical reference about Belizean Q'eqchi'. Wilk’s
main thesis, framed as a critique of modernization theory, is that Q'eqchi' households
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react not directly to global economic factors, but rather to a set of local social and
environmental conditions which may or may not include manifestations of the global
economy. As I conducted my own fieldwork, I found Household Ecology to have
ongoing utility, and used it to help develop my main research questions and survey
instruments. In light of my own participant observation, Wilk’s ethnography continues to
be thoughtful, accurate, and relevant.
Wilk’s work built on an earlier generation of Belizean Maya scholars (Rambo,
1962; Thompson, 1930; Thompson, 1938; Thompson, 1977) and was coeval in time with
John Scackt (Schackt, 1986). Schackt’s work is particularly relevant for my own study
because his fieldwork in Crique Sarco, conducted in the early 1980s, preceded my own in
that village. Indeed, several people I interviewed remembered him living and working
there.
In recent years there has been another wave of researchers interested in studying
the Belizean Q'eqchi'. Much of this work was sponsored by the Sarstoon-Temash Institute
for Indigenous Management (SATIIM), a Belizean non-governmental organization that
co-manages, along with several communities, a 17,000-acre national park. SATIIM
commissioned a ethnographic report to document the cultural heritage, ecological
knowledge, and history of the Belizean Q'eqchi' (Grandia, 2004); a geology and soil
survey (Holland, Brorsen & Johnson, 2003); a rapid environmental assessment of the
park and bordering communities (Meerman, 2003); and a socio-economic survey
(SATIIM 2003). In addition, a critical analysis of development in southern Belize was
recently published (Wainwright, 2008).
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Swidden agriculture
Swidden agriculture involves cultivating an agricultural field out of a natural
forest for one or more years and then fallowing it for a period of time before cultivating it
again. During the fallow period natural processes occur which rejuvenate the field to the
point where crops can be successfully grown. Swidden is widely used in tropical and subtropical parts of the world, including Mexico, South and Central America, Indonesia, and
Africa. It is known by different names including slash-and-burn, shifting agriculture,
jhum, and milpa. There are subtle differences, however, in the meaning of these terms.
Shifting agriculture, for example, denigrates a presumed ambivalence or inability on the
part of the farmer to engage in fully sedentary agriculture; Slash-and-burn emphasizes
the destructive aspects of burning; Milpa, commonly used in Mesoamerica, is not
pejorative, but it does not actually refer to the general strategy of swidden agriculture.
Rather, it refers specifically to the crop of corn planted in the spring, after burning a field.
The crop planted in early winter, but without burning, is called matahambre. For the
purposes of this dissertation, I will use the term swidden inclusively because it has been
accepted as referring directly to related knowledge and practices rather than external
perceptions of this form of agriculture.
Contrary to popular prejudice, swidden agriculture can be thought of as a process
in which “a natural forest is transformed into a harvestable forest” (Geertz, 1963; Kampto
Utomo, 1957). In Agricultural Involution, the source of this quote, Clifford Geertz
outlines three ways in which swidden mimics the ecology of a natural forest. First,
swidden fields, like the tropical forest that ensconces them, typically have a high number
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and diversity of species. Geertz cites a study of Hanunóo agriculture in the Philippines
that identified up to forty different agricultural species planted in a single field (Conklin,
1957). Geertz notes that most agricultural techniques seek to increase a natural system’s
utility by “changing generalized communities into more specialized ones, as when natural
ponds containing a wide variety of green plants, aquatic animals, and fishes are
transformed into managed ones in which the number of types of primary plant producers
is sharply reduced to those which will support a few select types of fish edible by man”
(Geertz, 1963:17). Instead, swidden farmers take the opposite approach and emulate
generalized community by planting many economic species.
The second way swidden mimics natural ecology is by maintaining a high ratio of
nutrients in the biomass compared to the soil. In general, tropical soils have low levels of
soil nutrients, while the above-ground biomass is plentiful and diverse. Geertz notes that
nutrient cycling in tropical ecosystems acts like a closed system; high precipitation rates
in the tropics quickly wash away nutrients, so plants evolved highly competitive root
systems to quickly recover nutrients released from a shallow layer of decomposing
humus. Similarly, swidden agriculture tries to maintain a closed nutrient system, but
accelerates the rate of nutrient-release by burning dried biomass into nutrient-rich
charcoal particles that can be accessed by seedlings. The risk of these nutrients being
washed away is high, however, and therefore timing the swidden cycle and synchronizing
it with annual precipitation patterns is critical, and usually, imperfect. So while the
natural process of growth, death, and decomposition can cycle endlessly in the forest, the
human version cannot. After initially releasing nutrients from the natural biomass by
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burning, the residue of agricultural production can also be burned, but the pulse of
nutrients is not nearly as rich, and so the human version of the natural system can only be
sustained for two or three years before the field must be allowed to recover its natural
state.
There is some debate about exactly what prevents an older field from growing
well and what properties actually are returned to the field during the fallow period. In
Belize, the two most likely reasons a field might not grow well are low levels of soil
nutrients, and out-competition by weeds (Brubacher, Arnason & Lambert, 1989; Lambert
& Arnason, 1982; Lambert & Arnason, 1986). In either case, leaving the field
uncultivated for a period of time generally returns the field to a state where it can be
successfully planted again. As one might imagine, the length of the ideal fallow period
varies widely and is dependent on several factors including the geologic parent materials,
climate, precipitation patterns, and even proximity to donor forest stands for seed
propagation (Kupfer, Webbeking & Franklin, 2004). Nevertheless, full climax forest need
not be regrown. There is normally an optimal fallow period less than the amount of time
needed for climax forest to develop, which can sustain repeated phases of agricultural
production.
To return to Geertz’ analysis, the third way swidden systems mimic natural
processes is in the creation of a lower, but functional, forest canopy. In a tropical forest,
the natural canopy of a mature forest can easily be one hundred feet high and, when not
disturbed by natural tree falls, can completely obscure the sun. This prevents clay-rich
soils from hardening and inhibits fast-growing weedy species from germinating. Geertz
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argues that swidden systems mimic the structure of a natural forest canopy at a much
lower level, but with the same effects.
Although properly executed swidden appears to be highly adapted to tropical
forest environments, it is always less efficient and more fragile in terms of energy cycling
than the natural system it emulates; our version of nature’s closed system is incomplete.
It is also subject to idiosyncrasies in human nature and there are many ways it can break
down. Such simple human failings such as laziness and ineptly implemented techniques
like failing to properly control the burning process can result in widespread devastation
(Geertz, 1963).
Geertz’ framework for swidden agriculture is an illustration of a common midcentury view of humans and their physical environments as a functional and interrelated
whole (Scoones, 1999). From this perspective, human-environment interactions are
regulated by homeostasis, the same principle thought to regulate natural ecosystems
(Odum, 1959). Systems ecology, as the theory is known, presupposes systematic and
functional relationships between natural species. One example of this, carrying capacity,
proposes that the population of a species is determined by the natural capacity of the land.
T. R. Malthus wrote in 1798, (and not without a hint of the same cynicism with which he
viewed human nature): “population, when unchecked, increases in a geometrical ratio.
Subsistence increases only in an arithmetical ratio. A slight acquaintance with numbers
will show the immensity of the first power in comparison of the second” (Malthus,
1798/1826). This concept was later formalized by mathematician P. F. Verhulst when he
published the logistic equation that described the relationship between the rate of growth
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of a single population and the number of individuals that can be maintained in that
environment (Verhulst, 1938). It was later demonstrated by Odum that this formula3 is an
elegant mathematical model of single-species interactions in the wild (Odum, 1959).
Among many ecologically-minded anthropologists at mid-century, carrying
capacity was seen as an important way to understand the relationship between humans
and their environments. This particularly applied to highly integrated systems such as
swidden, and the approach was used equally to study contemporary cultures and the great
civilizations of the past. Mesoamerican archaeologists had long pondered how the great
Maya cities Tikal, Palenque, and Copan could have developed in a tropical environment
that lacked the major rivers and irrigation controls that were associated with the rise of
complex societies, with dense urban centers, such as those in Mesopotamia and the Nile
River Delta. Mesoamerican lowland tropical forests supported much lower population
densities at the arrival of Europeans than it had during the Classic Period, and as
archaeological excavations progressed during the early half of the 20th century, little
evidence for agricultural intensification emerged. This suggested that the ancient Maya
must have relied on swidden and prompted the hypothesis that overexploitation of
environmental resources caused the rapid population decline associated with the end of
the Maya Classic period (circa 900AD).

3

The number of individuals at time t is a function of the intrinsic rate of growth
# N&
dN
= rN%1" (
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Ursula Cowgill investigated this question by analyzing the production and
consumption patterns of contemporary swidden farmers in the Maya lowlands and by
calculating the carrying capacity of the forest (Cowgill, 1962). Cowgill measured field
sizes and interviewed farmers around Lake Petén Itzá about agricultural techniques,
productivity, land-use, and household composition. She collected and analyzed soil
chemistry from active and fallow fields. With these data, she calculated field productivity
based on length of fallow and concluded that “stable swidden agriculture can be carried
out on the basis of four years’ rest after a single crop, or six to eight years rest after two
successive crops” (Cowgill 1962:276). She also calculated production and consumption
based on household interview data and concluded that contemporary swidden agriculture
could support 150-200 people per square mile. Using these results, she projected
backwards and used estimates of Tikal’s population and the size of its resource basin to
concluded that, “agricultural failure is not likely to be major factor…in the collapse of the
Classic Period culture” (Cowgill 1962:278).
These findings were later discredited when research showed that the ancient Maya
practiced intensified agriculture by building raised fields and terraces, and also exploited
tree crops and cultigens other than the basic subsistence crops commonly grown in
swiddens (Fash, 1994, Puleston, 1982). In addition, improved understanding of regional
paleoclimatology now suggests that anthropogenic disturbances in the southern Maya
lowlands acted in conjunction with localized droughts and a precarious social system to
catalyze a shift of power from the Petén lowlands to Northern Yucatan (Shaw, 2003).
Cowgill also incorrectly assumed cultural continuity between the contemporary Maya
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and their Classic period ancestors. Significant work in ethnohistory has shown that many
of the cultural practices that at the time were considered remnants of ancient Maya
institutions were actually adaptations to several hundred years of interaction with
Colonial rulers (Farriss, 1984; Wilk, 1997). Ethnographic problems have also been
identified in Cowgill’s work. For example, it is now generally accepted that fallow
periods of 15-20 years are preferred by farmers, but limited availability of land pressures
farmers to shorten this period (Lambert & Arnason, 1982).
Cowgill’s work – and the numerous critiques it received – illustrates the general
problem with using a carrying capacity approach for analyzing human-environment
interactions. The basic problem is that the homeostatic assumptions underlying carrying
capacity are problematic when used to explain human behavior, and deciding which
cultural behaviors and which environmental parameters are the most important limiting
factors is difficult or impossible (Brush, 1975). Cowgill, for example, did not have access
to the archaeological evidence for intensive agriculture (it had not yet been discovered at
the time); had it been available, she may have made different calculations and perhaps
come to different conclusions. Another problem is that the carrying capacity calculations
represent a radically simplified model of human consumption. A study might focus on
agricultural production, for example, but omit caloric intake from meat from the carrying
capacity calculation. This could cause inaccurate conclusions because meat, even if it
only plays a minor role in the diet, can play a significant dietary role under certain
degraded environmental conditions, thus rendering the carrying capacity calculation
inaccurate (Brush, 1975). In other words, the dynamics the carrying capacity equation
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represents may actually change through time. Similar problems occur when trying to
identify which variables to measure when it is generally unknown what actually limits the
productivity of a specific agricultural system. Brush argued that while swidden systems
are overtly simple, they are in fact quite complicated and involve significant knowledge
and experience by the farmer to be successful. Thus, the basic components of the carrying
capacity calculation may not be the critical ones, and even if they were, farmers negotiate
the full set of variables, addressing the most important on a constantly changing basis
using a variety of different strategies.
Brush also identified two empirical problems with calculating carrying capacity in
agricultural systems. The first is a non-linear relationship (although Brush does not
describe it as such), between variables in the system.
Predictions and tests of the carrying capacity formulas are ultimately concerned with the upper
ranges of some of the components (population, cultivation period for fields) and the lower ranges
of other components (acreage need per capita, fallow period, and total arable land available). As
certain components reach their upper range, certain changes should occur in other variables, and
possible changes in the system may be indicated. Thus, a growing population should cause: (1) an
increase in the total land available and/or in the cultivation period, or (2) a decrease in the average
acreage needed per capita and/or in the fallow period. The elasticity of these components is
different. Both the cultivation period and the fallow period would seem to be relatively inelastic,
while the acreage needed per capita should be relatively elastic and responsive to changes in
population density. (Brush, 1975)

The second empirical problem is that testing longitudinal ecological systems
requires diachronic data generally not available in anthropological studies. Brush
concludes by suggesting that carrying capacity is unlikely to be useful as a predictive
model for most contemporary agricultural studies, but that it could be used in contexts
where there is less concern about the specific definition of variables, as a heuristic device,
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and also as a way to describe current conditions4, rather to make any broad generalization
about the possible homeostasis of a particular human-environment relationship. In
addition to Brush’s observations, it is now generally understood that even geographically
remote societies interact in regional, national, and even global contexts, and this
invalidates a main assumption – that of a closed system – necessary to use carrying
capacity models (Cliggett, 2001). Brush’s paper, however, is important because it signals
a general turn in swidden scholarship away from quantitative studies based on
homeostasis.
Swidden agriculture and deforestation
A closely related debate over the effects of swidden agriculture and population
growth began in 1965 when Ester Boserup published The Conditions of Agricultural
Growth (Boserup, 1965). She argued against simplistic Malthusian logic in human
agricultural systems and for the capacity of farmers to shift technologies when confronted
with ecological limits. Many cultures using apparently simple technologies actually
possessed in their cultural repertoire agricultural techniques used in the past that they
could switch to when environmental conditions demanded it. Whether this is always true
is debatable, but the idea that changes in agricultural technology could occur
endogenously was an important counterpoint to Malthusian logic. The environmental
consequences are often disastrous, however, because the greater efficiency of chainsaws,
bulldozers, and tractors generally accelerates destruction of natural environments, and in
particular, tropical forests. Eventually Boserup’s theory was incorporated into the
4

For example, “catchment analysis” discussed below.
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disapproval of swidden commonly heard among governments, developers, and
environmentalists. This discourse simply suggests that swidden agriculture works well
when population growth is low and when land is abundant, but if either of these
assumptions are violated, improving technology will eventually lead to rapid
deforestation (FAO, 1987).
Boserup’s theory advanced our understanding of the human ability to adapt and
innovate agricultural techniques, but it was a setback if not in understanding, than in the
public perception of swidden. Faced with inevitable global population growth, swidden
was no longer seen as an elegant system that transforms natural forest into a harvestable
forest; instead, it became a site of technological intensification and therefore a major
cause of deforestation in tropical regions of the world. Brush’s critique of carrying
capacity in human systems was of little help because it tore down theory, but did little to
build it back up. The two main explanatory frameworks for swidden agriculture,
Malthusian carrying capacity and Boserupian innovation, each led to somewhat
disturbing endpoints: either population decline through death, disease, and starvation, or
deforestation and environmental destruction. It is hardly surprising then that swidden
agriculture has come to be so widely maligned.
The political economy of swidden agriculture
In light of Boserup’s insights and after Brush’s critique, academic interest in
finding formal models for swidden agriculture waned and focus turned toward the effects
of a global economy. It seemed that human behavior was just too complicated for the
idealistic theories of the systems ecologists to apply to humans. As anthropology as a
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whole moved to analyzing cultures as components of a world-system in 1970s and 1980s,
the majority of swidden scholars began to examine its macro-political and socioeconomic
contexts. A preeminent example is, “Theories of swidden agriculture, and the political
economy of ignorance,” in which Michael Dove analyzes the relationship between smallscale swidden cultures and the global economy (Dove, 1983). The paper highlights three
common misperceptions of swidden agriculture and explains how these
misunderstandings came into being. The first myth is that land used for swidden is owned
and worked communally. In fact, land in most communities is owned by households and
worked by either the household or through reciprocal labor exchanges. The second myth
is that swidden agriculture is destructive and wasteful. In reality, swidden can often
sustain larger populations on the same amount of land than alternative strategies such as
logging or cattle ranching. The third myth is that the economy of these cultures is entirely
based on subsistence production – in reality, cash crops are frequently planted in addition
to subsistence crops. Dove’s focus on the political economy of swidden indexes the
direction of most post-Brush swidden scholarship: instead of analyzing swidden as a
closed cybernetic system of feedback relationships between humans and the natural
environment, scholars began to analyze the previously unseen linkages connecting
swidden communities to the outside world.
Household Ecology was published several years after Dove’s paper, and follows
this critical approach to analyzing the totalizing power of the global economy (Wilk,
1997). This ethnography of the Q'eqchi', described earlier in this review, is a framed as a
critique of trends in political economy towards reifying the power of European capitalism
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to drive the structure of social relationships within households (Wilk, 1997). The worldsystems approach Wilk critiques, primarily attributed to Immanuel Wallerstein, portrays
the world as an interconnected system of hierarchical relations organized under capitalist
principles (Wallerstein, 1974). The theory suggests that so-called “pre-capitalist”
communities were normally based on kinship and are closely connected to land on which
their subsistence depends. As these communities became linked over time to the capitalist
“core” countries (principally in Europe and America) traditional extra-household social
relations in peripheral countries break down. As the core searches for profit, the focus of
social relations in the periphery turns away from kinship and communal ties towards the
household (Wallerstein, 1984). The household itself then becomes an important site of
capitalist activity: “…capitalism causes the commodification of everyday life, and
capitalists attack the primordial community to break it down, extract its labor, and steal
its land. …The precapitalist community’s functions are progressively stripped away until
only the pooling of income from wage labor and the rearing of children to be future
workers remain” (Wilk, 1997:25). Of course this argument was begun by Marx himself.
In Capital, Volume One, he wrote about early 16th century England: “They conquered the
field for capitalist agriculture, incorporated the soil into capital, and created for the urban
industries the necessary supplies of free and rightless proletarians” (Marx, 1977).
Wallerstein’s general contribution was to explain how this process played out in a global
context, but as Wilk points out, evolutionary teleology hobbles Wallerstein’s theory as it
does Marx’s. The problem, according to Wilk, is that the typology of household
transformations predicted by world systems theory is not encountered empirically. In
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Wilk’s view households are not sites of capitalist domination, determined by abstract
economic forces. Instead, they are sites of active decision-making by rural peoples:
To put it as simply as possible, households do not adapt to a type of society or a stage of
development. They are instead concerned to deal with very local circumstances, with problems
and issues of a relatively immediate time span. And households themselves are not things, objects
such as butterflies that can be easily sorted into objective types, but are instead fluid and changing
groups of individuals, often without clear boundaries between members and nonmembers. They
are structures of patterned human action, not items in a catalog. (Wilk, 1997:30)

So, what do households actually do? According to Wilk, Q'eqchi' households are
flexible social structures that allow those living within them to adapt to both social and
environmental factors, depending on which is thought to be more important at any point
in time. Q'eqchi' households do not symbolize their alienation from primitive
accumulation (to use Marx’s term), but are sites of articulation with the capitalist core.
Instead of serving the purposes of the capitalist core, however, households shift the locus
of power towards solving local problems and away from the global search for profit
through alienation of labor. This helps the Q'eqchi' engage with market opportunities
when they are available, but critically, to later disengage. Wilk illustrates the cyclical
nature of global capitalism’s incursion into a prototypical “periphery” by analyzing a
historical sequence of market interventions into the Toledo District. He argues that the
purported transformative effect of capitalism on Q'eqchi' households is undermined by
both their adaptive capacity and the market’s transient presence in Toledo. The difference
between Wilk and that of Dove is that Wilk highlights general principles about
households in the context of global capitalism, rather than generalizing about swidden
agriculture, even though swidden forms the basis of Q'eqchi' subsistence. Both authors,
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however, frame their studies within a global political economy and avoid using
oversimplifying carrying capacity calculations.
In general, Wilk’s work explores the limits of political economy for explaining
the social organization of Q'eqchi' households and does not focus on specific ecological
adaptations, but in the context of this review of swidden scholarship, it is important to
note that he omits calculating carrying capacity from his analysis. He does include,
however, a “site catchment analysis” based on soil quality data (Wilk, 1997:79).
Interestingly, the difference between a carrying capacity analysis and a site catchment
analysis actually parallels the general trajectory of quantitative analysis of
homeostatically regulated systems within mainstream anthropology: where a carrying
capacity calculations would project the maximum number of people that could be
sustained indefinitely on a natural resource base, Wilk’s site catchment analysis indicates
the per capita proportion of arable land available to each person living within the 5kilometer radius of each village in 1978-9. In other words, carrying capacity projects the
absolute population size that could be supported at each village, while site catchment
analysis simply observes the current person/land ratios without projecting future states. I
expect Wilk’s decision to forgo prediction and a carrying capacity analysis in favor of
observation and a catchment analysis could be traced back to the recommendations Brush
made at the end of his pivotal 1975 critique of carrying capacity.
Today, many anthropologists continue to analyze swidden as a subsistence
strategy that allows local producers to actively balance their subsistence needs in the
context of both global political economy and local ecology (Dodds, 1998; Dove, 1993;
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Porro, 2005). This approach, branded political ecology in the 1990s, tries to integrate
political economics, ecology, and even non-linear mathematics (Greenberg & Park,
1994). One aspect of political ecology is to acknowledge that clear delineation between
the nature and society is difficult. A broad definition of “environment” is therefore used:
From the perspective of political ecology, the environment in question may range from the very
largely cultural (e.g. that of the epidemiology of disease in urban settings or even the cultural
corpus about health or disease), through the intensely political (e.g. resource endowments for
strategic materials) to the fairly significantly natural (e.g. rainforest in remote areas of New
Guinea or climate itself). (Greenberg & Park, 1994:8)

So depending on the particular research context, political ecology calls for
integration of the socio-natural environment into an analysis of the regional or global
political economy.
Contemporary ecological anthropology
Thus far I have outlined how anthropological approaches to swidden effectively
abandoned quantitative analysis of carrying capacity in the 1970s in favor of various
applications – and critiques – of political economy. From this perspective, ecological
anthropology took a parallel trajectory that appears to have been less fruitful in advancing
our understanding of swidden agriculture. Ecological anthropology consists broadly of a
lineage of perspectives on human-environmental interactions. Ignoring for the moment its
19th century roots in evolutionary anthropology, contemporary ecological anthropology
begins with Stewards’s cultural ecology in the 1950s (Steward, 1955/2000) and
Rappaport’s ecosystem approach to studying the relationship of ritual and ecology in
Papua New Guinea in the 1960s (Rappaport, 1967a). It includes Conklin’s work in the
Philippines (Conklin, 1957), and Lee’s work with the Ju/’hoansi (Lee, 1993). Most of
these authors assume that both the natural environment and society are regulated by
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homeostasis. But if homeostasis is so important to the ecological anthropology, why was
it largely abandoned, and what could replace it?
The Oxford English Dictionary 2nd Edition defined homeostasis as “the
maintenance of a dynamically stable state within a system by means of internal
regulatory processes that tend to counteract any disturbance of the stability by external
forces or influences.” At a general level Brush’s critique of the use of carrying capacity in
human systems simply argues that human systems do not operate in homeostasis;
creativity, innovation, and adaptation all violate assumptions of the carrying capacity
model because they imply that a “stable state” does not exist when humans are involved.
It turns out, however, that systems ecologists were also losing faith in homeostasis in the
natural systems they studied, but for a very different reason. In 1974, theoretical ecologist
Robert May noted that the difference equation representing the growth of a biological
population can, depending of the growth rate, produce homeostasis, cyclical oscillations,
or even completely chaotic behavior (May, 1974). This conclusion had profound
implications for the field of ecology and ushered in “the first phase of nonlinear analysis,
the discovery of chaos” (Lansing, 2003). In addition to the Brush’s effect on swidden
studies, May’s discovery significantly limited use of homeostasis as an organizing
principle in ecological anthropology generally. Not only was it unfounded to assume
homeostasis in human systems because of the unique properties of human cognition and
culture as Brush argued, homeostatic regulation could not be assumed in any natural
system no matter how simple and elegantly the logistic growth equations appeared to fit
actual population dynamics. It is worth emphasizing that May’s finding was quite
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relevant to the study of swidden agriculture: one of the equations he used to demonstrate
chaotic behavior in deterministic systems previously though to be homeostatic was the
same the logistic equation used to calculate carrying capacity (see Footnote 3).
As understanding of ecological dynamics shifted away from equilibrium-based
approaches, swidden scholarship turned toward critiquing political economic theory, as I
have discussed. Ecological anthropology as a whole, however, began to develop new
models to account for a developing appreciation of non-equilibrium dynamics in both
human and natural systems. My goal is not to review this approach, now named the New
Ecology, as two review articles have already been published (Biersack, 1999; Scoones,
1999). Instead, I will include an excerpt from one that summarizes the primary foci of
contemporary ecological anthropology:
First is the concern with spatial and temporal dynamics developed in detailed and situated
analyses of "people in places," using, in particular, historical analysis as a way of explaining
environmental change across time and space. Second is the growing understanding of environment
as both the product of and the setting for human interactions, which link dynamic structural
analyses of environmental processes with an appreciation of human agency in environmental
transformation, as part of a "structuration" approach. Third is the appreciation of complexity and
uncertainty in social-ecological systems and, with this, the recognition that prediction,
management, and control are unlikely, if not impossible. (Scoones, 1999:479)

My review of the literature revealed few recent swidden studies that truly
“appreciate complexity and uncertainty” and the “spatial and temporal dynamics” that
supposedly characterizes the New Ecology, and unfortunately, the one that tries mostly
recycles the Malthusian theory and makes little progress in explaining the internal logic
of swidden itself. The one that comes closest is Brown’s spatial model of swidden
agriculture (Brown, 2004a). Unlike technologically pioneering remote sensing studies of
deforestation in Belize (Chomitz & Gray, 1996; Emch, Quinn, Peterson & Alexander,
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2005) and Brazil (Soares-Filho et al., 2006), Brown’s study does not rely on direct causal
relationships between road expansion and deforestation.5 The key features of Brown’s
swidden model are: (1) that household consumption decisions are inseparable from
agricultural decisions because market development is incomplete; (2) spatial aspects of
swidden agriculture are modeled by accounting for the patchy mosaic of fallow fields,
and (3) households behavior is linked to the forest use indirectly through household
preference for cultivating in certain types of forest patches. This third point is an
important departure from the central assumption of carrying capacity studies. By
inserting household field preference between household size and land-use, Brown could
avoid the basic dependency between r and K that hobbled earlier carrying capacity
studies. Brown grounds the study by quantifying household preferences with a household
survey and then uses the model to show that household preferences for field location can
lead to land use intensification unrelated to increases in population (Brown, 2004b).
Unfortunately, other aspects of Brown’s model assume linearity and homeostasis,
limiting its usefulness for elucidating swidden’s potential ecological co-adaptations. The
model’s first feature (#1, above) rationalizes linking household consumption to
agricultural decision-making because of incomplete market penetration. This conflates
two important points: First, omitting market interactions effectively makes the model a
closed system, a prerequisite for homeostatic regulation. Second, by stating, “market
penetration is incomplete,” the model rationalizes limiting the farmers creativity to
5

The primacy of roads as an explanatory factor for household behavior is not supported
by ethnographic research in southern Belize and elsewhere where land use patterns are
dominated rural agricultural production, rather than large commercial enterprises.
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choosing from of a finite list of field selection strategies (Brown, 2004b). Not only does
this preclude other creative options for subsistence (e.g., alternative economies, bartering
with other villages, hunting, etc.), it prevents novel solutions with endogenous social and
environmental variables. Among anthropologists, the first point is a fatal flaw; the model
should acknowledge the political economic critique and allow for exogenous factors. As
for the second point, it is actually refreshing to see these farming strategies grounded in
empirical survey data (particularly in a computer model). Unfortunately, choosing from a
predefined list is hardly a robust implementation of “human creativity” and is probably
insufficient to illustrate swidden’s full complexity. Because of these problems, it is
unsurprising that the model’s simulation results were limited to two predictable states,
equilibrium or deforestation:
This agroforestry system, which depends on long periods of forest-fallow to maintain soil fertility
as well as for the provision of non-wood forest products, is under pressure as populations increase.
Where long fallows are no longer possible, productivity declines in the absence of input
substitution or the forest frontier is pushed further back as new land is brought into the rotation.
Conversely, where the system is in equilibrium the landscape is characterized by a dynamically
stable mosaic of land use that provides an adequate rural livelihood. (Brown, 2004b)

Ironically, the study seems to reproduce Malthus’ logic more so than Boserup’s
because the possibility intensification by using new technologies (yet another
complicating exogenous factor) was not included as one of the possible farming
strategies. But as Brown points out, the model is a technological advance over previous
work because computer-modeling platforms can accommodate the complex temporal and
spatial dynamics that characterize swidden systems. So it is interesting that the model can
generate and maintain a stable spatial mosaic of fallow fields, but of course, this would
be expected in any homeostatically regulated system under the correct growth rate (r).
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Thus, Brown’s study remains wedded to basic assumptions of carrying capacity that
limited swidden studies in the 1960s; its main contributions are in the empirical survey
work that generated the field preference options, and as a proof-of-concept that swidden
can be modeled spatially.
But his work is a step in the right direction; I believe the model just needs a better
adaptive mechanism. In other words, I would suggest that the field preferences from
which Brown’s virtual farmers choose do not provide a sufficient range of farming
strategies to illustrate real adaptive behavior. There are two possible reasons for this.
First, Brown was limited to the strategies reported by the farmers who responded to his
study, and while admirably empirical, it limited the model’s potential for representing a
full range of possible strategies that might exist under counterfactual conditions. Second,
all farming strategies were household based, and did not account for cooperation between
households. I believe such extra-household cooperative relations in particular hold
promise for improving for basic understanding of swidden agriculture dynamics. Third,
to be accepted by mainstream anthropology, it would need a better accounting of
exogenous social and economic factors.
Other than Brown’s model, my literature review did not revealed any studies
trying to incorporate New Ecology non-equilibrium dynamics into an analysis of swidden
agriculture. The papers I have written for this dissertation are, I believe, the first explicit
attempts to move beyond the assumption of homeostasis in swidden systems.
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Because there has been little published in this area, the scope of this literature
review must be expanded to include non-swidden systems in order to illustrate the
potential benefits.
Regarding the value of a complex adaptive systems study of swidden agriculture
In arguing for the continuing value of ecological anthropology, Scoones
highlights as one of three potential areas of engagement, the need to appreciate
complexity and uncertainty in socio-ecological systems. In his description, he focuses on
increased risk in chaotic systems, difficulty in prediction, and the potential benefits to
natural resource management and public policy, given better understanding of complexity
(Scoones, 1999:494-6). These insights foreshadowed, but do not fully capture, the impact
better incorporation of complexity into anthropology might have. In 2003, J. Stephen
Lansing further advanced this discussion by introducing the new field of complex
adaptive systems research to an anthropological audience (Lansing, 2003). Lansing
argues that that concept of emergence had become, after May’s discovery of chaos, the
central phenomenon in the study of complex adaptive systems. Emergence suggests that
complex and unpredictable global patterns can emerge from local interactions in many
kinds of systems. To illustrate emergence in a way his anthropological audience could
relate to, he cites Durkheim’s classic study of suicide:
On the one hand, Durkheim observed, the causes of particular suicides are ‘…almost infinite in
number . . . one man kills himself in the midst of affluence, another in the lap of poverty; one was
unhappy in his home, and another had just ended by divorce a marriage which was making him
unhappy’ (Durkheim 1979[1897], p. 303). He concluded that no matter how much a researcher
knows about a collection of individuals, it is impossible to predict which of them are likely to kill
themselves. Yet the number of Parisians who commit suicide each year is even more stable than
the general mortality rate. A process that seems to be governed by chance when viewed at the
level of the individual turns out to be strikingly predictable at the level of society as a whole.
(Lansing, 2003:185-6)
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Lansing argues that emergent patterns and smaller-scale correlates have long been
identified, although not by name, in social systems such as Parisian suicide rates, but that
they had never before been identified as a general class of patterns. Emergence has now
been identified as a general phenomenon in fields ranging from sociology to physics.
Lansing suggests that anthropologists should be interested in it because it is so commonly
found, and because it may provide an important link between the social sciences and
mathematical properties being discovered in natural systems.
The question that arises is whether swidden agriculture is a complex adaptive
system. This can in fact be framed as a formal hypothesis: does swidden agriculture (or
the social organization of it) exhibit emergent properties? While previous efforts at
quantifying the socio-ecological aspects of swidden using carrying capacity have proven
unsuccessful because of an unfounded assumption of equilibrium, perhaps the new
mathematical and computational models that have been designed to analyze emergence in
nonlinear systems can improve our understanding of swidden.
Panarchy theory
Testing for the presence of emergence in swidden systems is one way to begin.
But regardless of non-linearity and complexity, swidden is fundamentally a human
subsistence strategy that relies on the natural productivity of forest ecosystems. In the
early 1970s, ecologist C.S. Holling began to develop a theory to explain how systems
persist when change is a fundamental aspect of their existence. He used the term
resilience to distinguish his theory from homeostasis and suggested that the analytical
focus should shift from quantitative analysis of consistency and frequency of oscillations
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around a point of stability, to the qualitative analysis of the existence of the range of
states systems can exist within (Holling, 1973). At this early stage of development,
resilience theory was only applied to natural systems. Over the next thirty years Holling
and others eventually adapted the concept to include social systems, culminating in what
had been named panarchy theory (Gunderson & Holling, 2002). Thus, resilience was
born out of a recognition of the limits of homeostasis in natural systems, and
subsequently expanded and re-branded as panarchy theory to account for human
behavior.
Panarchy theory includes at least two main concepts, resilience, and the adaptive
cycle (Gunderson & Holling, 2002; The Resilience Alliance, 2008). Resilience is the
ability of an ecosystem to tolerate disturbances without collapsing into a qualitatively
different type of system that operates under different processes. The adaptive cycle is a
conceptual model that emphasizes the capacity of systems to reorganize and change.
There are four phases in the adaptive cycle: growth or exploitation (r); conservation (K);
collapse or release (Ω); and reorganization (α). Cycles operate and interact across scales
(see Levin, 1992) and it is also possible, given a strong enough perturbation, that systems
can “flip” into an alternative state. Holling suggests that human-environment systems
consist of nested hierarchies of adaptive cycles that operate at different temporal and
spatial scales. In healthy systems there is a balance between long-term processes (slow
change) and short-term processes (quick change). These work together to endow the
whole system with resilience by providing both short and quick processes that allow for
innovation and experimentation without compromising the stability of the whole system,
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and long slow processes that provide a memory of what was successful in the past and
provide stability to the system. The authors argue that the whole panarchy works together
to provide both innovation and conservation, which is needed for the system to survive
when it is perturbed and for it to adapt to changing conditions. One might think of nested
adaptive cycles as a hierarchy, but there is a key difference. Hierarchies are static and
require fundamental restructuring to change their organizations, while panarchies are
dynamic; any level can have multiple stable states while the larger scales can be
stabilized or destabilized through connections between individual levels (Holling,
Gunderson & Ludwig, 2002).
It remains an open question, however, whether panarchy theory succeeds in
escaping an underlying reliance on homeostasis. If the adaptive cycle is decomposed, the
r-K phase,
…may be thought to depict a succession sequence-from the initial few pioneers in the exploitation
phase to the mature and complex community, such as a climax forest, in the conservation phase. In
the classical succession theory, the climax was often thought among terrestrial ecologists to be a
state the system would reach if not disturbed, rather than merely a transition phase in a continuous
cycle. Alternatively, the logistic curve spanning the two phases may be thought to depict the
population growth and stabilization of an individual species. It starts with slow growth and
proceeds to rapid growth, followed by a change in the rate of growth at the inflection point of the
curve. … It continues with decelerating growth up to a peak, which usually depicts, in
conventional resource management, the carrying capacity.” (Berkes & Folke, 2002:125-6)

Thus, in both the adaptive cycle and Vurlhurst’s original logistic equation, r
represents species growth, and K represents “carrying capacity,” although it has been
renamed “conservation” under panarchy theory. Another difference is that the
relationship has become a generalized rather than formal mathematical one. In the
adaptive cycle, systems in the growth state, r, use many resources while increasing
connectivity and rigidity as they transition to a conservation state, K, where resource are
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less plentiful and system collapse is likely. So while the relationship between r and K was
mathematically defined under a homeostatic model, they are only heuristically linked
under panarchy. Other than generalizing the r-K relationship, the adaptive cycle simply
embeds it in a series of collapse (Omega) and reorganization (alpha) transitions in order
to incorporate non-linearity into the system.
The second problem with panarchy theory is that it is exceptionally hard to
operationalize in scientific studies. Elevating the theory to a high level allowed for broad
applicability in both human and natural systems, but in practice it makes it difficult to
associate variables with specific phases of the adaptive cycle. Until 2001, little work had
been done with respect to assessing the “operational indicators” of resilience. The article
“From Metaphor to Measurement: Resilience of What to What?” attempted to address
this shortcoming. Its authors proposed a way to operationalize studies by specifying
which “system configuration and which disturbances are of interest” (Carpenter, Walker,
Anderies & Abel, 2001:765). Accordingly, a study of swidden’s resilience should answer
three questions: First, how capable is the system of staying within its domain of
attraction? This capability is related to the slowly changing variables that moderate the
frequency of events that could push the system into another state. After initially clearing
high forest and planting the first crop, swidden depends on natural processes to
regenerate soil nutrients to productive levels. The rate at which this happens is related to
the capacity of the land to return to a tropical forest state or an alternative state such as
grassland. The second consideration is to understand the capacity of the system to selforganize: does change come from the people most closely involved with the daily tasks of
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swidden, or do external forces drive it? Anthropologists might suggest that this should be
addressed as a political question, but Carpenter addresses it more narrowly: “selforganization is enhanced by coevolved ecosystem components and the presence of social
networks that facilitate innovative problem solving” (Carpenter et al., 2001). With respect
to swidden, there are two important questions here; the first parallels my earlier proposal
to test emergence in swidden systems as a hypothesis, and the second asks what role
Q'eqchi' social networks have in agricultural innovation and problem solving. Social
networks are central to this dissertation, so I will address this topic in more detail in a
moment.
The third and final recommendation to help operationalize resilience is to identify
what properties or mechanisms exist to incorporate novelty and experimentation into the
system. While agricultural technologies certainly had a significant effect on swidden
(metal axes and machete in the past, and now agrochemicals), I believe that the key to
understanding how experimentation and novelty relate to swidden’s resilience lies in
farmer’s ability to find and exploit field sites. This is fundamentally a question of spatial
knowledge, spatial searching, and the farmer’s ability to observe environmental signs
indicating fertility.6
The third and perhaps most important critique of panarchy theory is directed at an
attempt to transform panarchy theory into a system for practical management of socioecological systems. This approach, known as “adaptive management” or “co6

I hoped to test this hypothesis and to this end I mapped agricultural fields and analyzed
soil samples for fertility in the field. Unfortunately, the scope of analyzing this dataset
precluded me from including it this dissertation.
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management” suggests that many contemporary problems of sustainability and
environmental degradation can be more successfully addressed by involving small-scale
societies (supposedly co-adapted to their local ecologies), with a western environmental
management paradigm (Berkes & Folke, 1998). The critique suggests that this misses the
critical fact that most “…small-scale, traditional ecological practices … for centuries
have been systematically eclipsed by the logic of industrial capitalism” (Hornborg,
2009:252). While there are undoubtedly important environmental lessons to be learned
from small-scale societies, and especially the effect of capitalist extraction on them, the
argument that “capitalist society might adopt the logic of its socio-ecological antithesis
must be dismissed as mystification” (Hornborg, 2009:253). Hornborg cites Nadasdy to
implicate adaptive management theory with even aiming to perpetuate modern capitalist
social relations:
Nadasdy … observes that although proponents of adaptive management ‘clearly recognize that it
is the economic imperatives of modern extractive and agro-industries that are the root cause of the
management “pathologies” that lead to decreased resilience and ultimate collapse…their proposed
solutions do not address these larger issues at all’. Indeed, he continues, it is largely because of the
exploitative dynamic of capitalism that conventional resource management even exists, and the
focus on resilience ‘has the implicit goal of maintaining the social-ecological relations of capitalist
resource extraction and agro-industry’ (Hornborg, 2009; Nadasdy, 2007).

Whether the authors of adaptive management theory maintain the capitalist
hegemony or not is a matter of ongoing debate, but this is an important critique that
should be acknowledged before implementing adaptive management as public policy.
And although the focus of my swidden study is analytical not applied, Hornborg’s
observations about the importance of social power, and the failure of panarchy theory to
account for it, are important:

47

Normative notions of strategies to promote the ‘resilience’ of socio-ecological systems … seem
oblivious to several strong research traditions in the social sciences that have persuasively shown
that socio-ecological systems are historically and currently characterized by structural problems of
power, conflicts of interest, and unequal distribution. (Hornborg, 2009: 252)

Earlier in this review I discussed the important advances gained from
incorporating political economy into studies of swidden systems, an insight this quote
largely reproduces with panarchy theory. Hornborg and Nadasdy’s observations are an
important critique of panarchy theory, but it is also important to remember a critique of
an application of a theory does not invalidate the utility of the theory itself. Just as
Marxism (and derivative materialist theories) continues to provide a useful framework for
explaining power differences in the post-Soviet world, panarchy theory may offer a
useful way analyze the socio-ecological dynamics of swidden in a post-equilibrium
world. Hornborg and Nadasdy’s critique is an important reminder, however, that it should
be used critically, and historical differences in power should be accounted for. The
challenge for my study, then, is to account for the historical ecology of globalization in
the rural forests of southern Belize, while teasing out a more nuanced explanation of the
socio-ecology of Q'eqchi' swidden agriculture by operationalizing panarchy theory.
An adaptive cycle model of swidden agriculture
It remains to be seen whether panarchy theory is a useful contribution to our
understanding of coupled socio-ecological systems in general, and swidden agriculture,
specifically. One study used it to analyze the importance of property rights in maintaining
the resilience of Maya swidden systems in Mexico (Alcorn & Toledo, 1998). The authors
hypothesize that state support for community-based land-tenure increases the resilience
of a swidden agricultural system and helps maintain a healthy balance between high
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forest and low-forest/fallow areas. The authors model the annual agricultural cycle (cutburn-plant-harvest) as an adaptive cycle (Figure 2) and infer that maintaining long fallow
periods keeps more forest in a resilient high-forest state and prevents the system from
flipping into a less resilient low-forest state.

Figure 2: An earlier study that suggested the swidden cycle follows the adaptive cycle.
Maintaining long fallow periods prevents a flip to a low forest ecosystem (Alcorn &
Toledo, 1998).
To demonstrate this, they present evidence from two communities, one that lacked strong
government support for community-based management, and another that experienced a
twenty-year period when governmental policy supported community-based natural
resource management. In the second community, “the participants enter[ed] into comanagement arrangements so that the community’s forest has slowly come under
stronger community control. Forest recovery [(Figure 2, high forest state)] has occurred
because of tenurial authority exerted by the community” (Alcorn & Toledo, 1998:238-9).
In interpreting this conclusion, it is important to note the author’s non-critical use of the
adaptive cycle model; it is referenced in support of the main argument, rather than as a
hypothetical model to be tested. The problem with this approach is that panarchy theory
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is a quasi-functionalist ecological model and using it conveys scientific rigor to their
property rights argument without providing evidence that the model actually fits the
phenomenon being studied, which in this case is swidden’s planting-fallow cycle. It may
be true that co-management increased the presence of mature forest near the village, and
it is undoubtedly true that the adaptive cycle fit the swidden planting-fallow cycle at a
heuristic level.7 But there is no evidence supporting the assumption that a healthy balance
of high forest and low forest/fallow areas is more or less resilient than alternative forest
states. Indeed, panarchy theory suggests that K-state systems are actually more rigid and
susceptible to collapse, a property often illustrated by the susceptibility mature pine
forests with a history of fire suppression have to destructive forest fire (Holling &
Gunderson, 2002:45). Panarchy theory also predicts not that resilience correlates with the
state of a single adaptive cycle, but rather from interactions between related cycles as
these interactions introduce an optimal (resilient) blend of creativity and structure to the
collection of adaptive cycles (that is to say, a “panarchy”).
But despite the authors’ uncritical use of the adaptive cycle, the study illustrates
the potential significance of panarchy theory. If a fit between the adaptive cycle and
swidden agriculture was proposed as a hypothesis and demonstrated through empirical
testing, then panarchy theory might an appropriate way to explain swidden’s resilience.
And if swidden’s resilience was demonstrated, there would be, as Alcorn and Toledo

7

The heuristic fit between swidden and panarchy theory it is not altogether surprising.
Although I have no evidence to support this claim, it seems likely that the authors of
panarchy theory may have consulted the long history of swidden studies as a model
socio-ecological system when developing their own ideas.
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show, important implications on how land tenure is legislated among swidden societies.
This is one way panarchy theory could begin to address Hornborg and Nadasdy’s
political economic critique of swidden agriculture.
Networks, complex adaptive systems, and swidden agriculture
As I cited above, one way to operationalize resilience in systems with a human
component is to examine the state of its social networks (Carpenter et al., 2001). A social
network is a way of representing social relations between individuals in a manner
amenable to mathematical analysis and modeling (Wasserman & Faust, 1994). Several
scholars have used social network analysis to examine the structural properties of
Q'eqchi' and Mopan Maya social relations (Atran, Medin & Ross, 2005; Howard, 1973;
Wilk, 1997). But while social networks have long been studied in the social sciences,
appreciation of networks as complex and potentially adaptive systems is a relatively new
idea. Writing in a recent paper about social networks, Lansing suggests, “…recent work
from a ‘complexity’ perspective shifts the analytical focus from descriptive enumerations
of social relationships, to abstract models of the effects of dynamical rules on the
historical trajectories of networks” (Lansing & Downey, in press).
In assessing the relevance of social networks to a complex adaptive systems study
of swidden, one might ask whether networks themselves are appropriate objects of
analysis. The mere fact that they can be complicated, generally consisting of many
individuals and numerous relationships, does not mean that they are necessarily adaptive.
Lansing suggests that there are certain properties of networks, “dynamical rules,” that
may affect how social relations evolve. A remaining question is whether they can exhibit
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emergence as defined under the complexity paradigm. It turns out they can. Consider a
simple example; imagine randomly choosing twenty pairs of people from a large group of
unrelated individuals and introduce them so that they became “friends”. If you drew a
picture of this group so that each person was represented by a dot, and then connected the
randomly chosen “friends” with lines, you would have an Erdős–Rény network, or more
simply, a random network (Figure 3a). Now, take another group of people and select
friends again, but this time with the following rule: after choosing the first random pair of
people, choose a second pair, but instead of choosing with complete randomness,
increase the chances of choosing a particular person if they are already “friends” with
someone else, and such that the more friends a person has, the more likely she will get
chosen again. The network that results from this small change is known as scale-free
network and it will have a different topology, based on this preferential attachment rule,
than the purely random network (Figure 3b). The difference is that there will be a small
number of individuals in the scale-free network that have many connections, and many
individuals who have few connections. This feature, also called the small-world
phenomenon, gives networks the capacity to quickly diffuse information and it has been
identified in dynamical systems as widely ranging as the Internet, the neural network of
the worm Caenorhabditis elegans, and quickly spreading infectious diseases (Watts &
Strogatz, 1998). Beyond the fact that small world networks are commonly found in such
diverse systems, their presence often indicates that the system as a whole is exhibiting
emergent behavior (Lansing, 2003; Scheinkman & Woodford, 1994). This is important
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for my studies of Q'eqchi' labor exchange because social networks frequently exhibit the
small-world phenomenon and therefore, emergence.

Figure 3: Erdős–Rényi (random graph) network and scale-free (small world network)8.
Although social networks are conceived of as rigid and lacking dynamism in
panarchy theory, this may not reflect their true properties. Social evolution from r to K
has been described as a process of “…accumulating potential … from the skills,
networks of human relationships, and mutual trust that are incrementally developed and
tested” (Holling & Gunderson, 2002:35), and resilience comes not from individual
adaptive cycles, but from collapse and interactions between cycles. But as we have just
seen, networks of all kinds exhibit complex dynamics, even emergence, and this is not in
accord with the underlying homeostasis needed to simply “accumulate potential”. Social
networks themselves – independent of panarchy theory – should be quite resilient
because they can quickly change between various levels of connectivity as people simply
decide whether to abandon or form social relations. In other words, networks in general,
and social networks in particular, appear to be much more adaptable than the simplistic rK dynamics panarchy theory models imply. Social networks, then, are not always

8

Figure source: http://en.wikipedia.org/wiki/File:Scale-free_network_sample.png
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ossified versions of an earlier state, but rather, they can be a flexible matrix on which
social processes can occur. This is because creation or dissolution of bonds in many
social networks is determined by individual attachment decisions, rather than the
network’s structural properties, and individuals are often free to dissolve their own social
relationships.
These dynamic properties make networks a good way to represent the structural
properties of social groups generally, and swidden systems in particular. Mathematical
techniques can then be used to rigorously test hypotheses about these networks. Based on
these developments, several authors have argued that social network analysis offers a
rigorous statistical framework from which certain aspects of resilience can be defined and
tested (Bodin, Crona & Ernstson, 2006; Janssen et al., 2006). To the best of my
knowledge, the two social network analysis papers included in this dissertation are the
first to empirically test the relationships predicted by panarchy theory in any swidden
system. But more important than testing a theory is the potential to advance general
understand of the venerable topic of swidden agriculture. I hope that a comparative
historical analysis of Q'eqchi' labor exchange networks may make it possible to explore
the relationship between social history, environmental limits, and the evolving matrix of
social relations that maintain resilient systems.
Conclusion
It has been over thirty years since most anthropologists have abandoned
homeostasis when analyzing the functional relationships between swidden agriculture
and tropical rainforests. Rejected for failing to account for the complexity and non-
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linearity now recognized as ubiquitous in most human and natural systems, homeostasis
is now being replaced with ideas about chaos and emergence. Resilience theory was
originally proposed as a way to account for the failure of homeostasis to explain the
behavior of natural systems, and the concept was then broaden to include both natural
and human systems, so-called “coupled” systems; this new theory, re-branded panarchy
theory, seeks to escape homeostasis by incorporating homeostatic r-K dynamics into
cycles, and embedding multiple cycles into “panarchies”. Rather than creating instability
as it did in homeostatic systems, unpredictability, chaos, and non-linearity are now
thought to imbue long-lasting panarchies with the ability to maintain a basic identify,
even while suffering external disturbances. Yet panarchy theory still assumes a high
degree of systemic interrelations and linearity, and it remains to be seen how well the
theory escapes its roots in homeostatic theory. These issues continue to be hotly debated
among ecologists, with some even proposing to abandon, under certain conditions, the
assumption of systematic relationships altogether (Hubbell, 2001).
Nevertheless, panarchy theory may provide a way to improve, even if
incrementally, our understanding of swidden agriculture. Swidden scholars have made
great progress in understanding the political economy and political ecology of swidden
since carrying capacity was abandoned, but since then little progress has been made in
escaping the depressing dichotomy established by Malthus and Boserup. Unless we can
develop a more sophisticated explanation for swidden’s internal logic, it will continue to
be seen as inevitably leading either to demographic collapse due to overpopulation, or to
catastrophic deforestation. Given the frequency of swidden agriculture worldwide, a
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growing public consciousness of looming global environmental problems, and the
ongoing importance of swidden production to both the cultural identity and subsistence of
many indigenous communities, it seems worthwhile to investigate whether panarchy
theory can advance the rather stale debate over the socio-ecology of swidden agriculture.
In doing this, it will be important to listen to the echoes of past scholarly
discourse which divided over the relative importance of social power and ecology among
swidden societies. From an anthropological perspective, perhaps the most important
critique of panarchy theory is not whether it adequately accounts for complexity and
nonlinearity, but rather Hornborg’s admonition that it fails to account for the global
differences in social power. I expect that the panarchy theorists would take recourse from
this critique by adding ever more general heuristic/adaptive cycles on top of the more
grounded swidden cycles of planting and fallowing. But I would propose that at this point
in its development, a thoughtful analysis of power is probably best undertaken as parallel
exercise. In the next chapter, I will discuss how I approach this in my study, and review
the major conclusions in each of my papers. I will then briefly synthesize all three papers
and, to the extent that I can, try to resolve the political economy critique of panarchy
theory as it pertains to my own study.
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CHAPTER 2 - PRESENT STUDY
In this chapter, I discuss the most important findings in each of the three papers
attached to this dissertation, and briefly synthesize my main conclusions with respect to
the enduring discourse on swidden agriculture.
Introduction
A traditional definition of resilience is the ability to withstand or recover quickly
from difficult conditions. To anyone familiar with the culture and history of the Belizean
Q'eqchi', this description certainly seems to fit. Many of the Q'eqchi' families now living
in the Toledo District originally fled from violence in Guatemala to find relative peace
and independence farming in the forests of southern Belize. They did this with little help
from the government and only sporadic opportunities for wage labor. The success of their
livelihood has been contingent on maintaining basic subsistence though swidden farming,
while keeping enough flexibility within the rigid agricultural calendar to be able to take
advantage of periodic wage opportunities. Another aspect of their success derives from
household mobility; like most Americans today, historically, many Q'eqchi' families have
found that willingness to relocate helped to improve their social and economic status.
This history of past mobility now expresses itself in expansive social networks linked
between villages and across kinship groups.
The resilience of Q'eqchi' culture also has a strong ecological component.
Survival in remote parts of Toledo is dependent on recognizing a wide variety of tropical
species useful in everyday life, ranging from the poles and vines necessary for house-
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building, to the medicinal herbs used to treat the bite of a poisonous pit viper (Bothrops
asper). The persistence of swidden agriculture also depends on the ecosystem’s ability to
maintain long-term agricultural activity. So it is interesting that despite several hundred
years of British and German logging, and at least 125 years of habitation by the Q'eqchi',
the forest of southern Belize is still standing. In fact, it is primarily those species that
have been logged for the international market, such as mahogany and logwood, which are
no longer as common as they once were. Yet many see swidden agriculture, not logging
or cattle ranching, as the biggest ongoing threat to the forest. Why should this be so?
As I reviewed in the previous chapter, swidden agriculture remains widely reviled
as an inefficient use of land even after decades of scholarly research. In my work, I hold
this conclusion at bay and instead try to understand how Q'eqchi' culture and practices
may conserve the forest’s finite resources9. The concepts of resilience and social
networks provide a way to operationalize and test this perspective. There is little doubt
that tropical forests are fragile, yet it was large-scale cattle-ranching, not swidden, that
was primarily responsible for destroying the Guatemalan forests in the 1990s. Few would
debate that there is an upper limit on the human population that can be sustained by a
finite tract of land, but in practice human societies are creative and adaptable and usually
find ways of amplifying existing resources and discovering new ones. Yet some scholars

9

At this point I would refrain from suggesting that swidden could be used as a
“conservation” strategy; my work was conceived as a theoretical project, not applied.
Answering this question would require a much closer analysis of current socio-political
conditions, whereas I take a functional, retrospective, and historical approach. It would be
another research project altogether to determine whether my insights about Q'eqchi'
swidden could be used to craft a practical conservation management strategy.
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consider the Q'eqchi' to have arrived too recently to the tropical lowlands to have
developed substantial in situ ecological knowledge (Atran et al., 2002). Others have
argued, however, that substantial ecological knowledge can develop in as few as five
generations (Stoffle, Van Vlack & O'Meara, n.d.). In my first two papers I use panarchy
theory and social network analysis to argue not only that Q'eqchi' swidden agriculture is
undeserving of a bad reputation, but that it can be considered as a complete cultural
system with functional ecological significance in social and ideological relations
constituted within it. In writing these papers, I took inspiration from the Tsembaga Kaiko
ritual described in Pigs for the Ancestors (Rappaport, 1967a), and in Lansing’s analysis
of the cosmological balance between inner psychology and outer ecology among the
Balinese (Lansing, 2006).
Like these scholars, I enter into the realm of functionalism carefully, however; the
Q'eqchi' villages in my study have by no means operated within a cultural or historical
vacuum. Now known as Belize, formerly British Honduras, the country was a Crown
Colony until independence in 1981. Within this colonial context, the historical
trajectories of the villages in my study have been subject to decades of market incursion
and political marginalization. But from this perspective, the persistence of Q'eqchi'
swidden becomes all the more interesting because it appears to have been the central
organizing principle of most Q'eqchi' villages during the colonial period, through the
transition to independence, and under a wide array of internal, external, and global
pressures. My third paper is an ethnohistory and addresses this question. I find, similar to
Turner in Schism and Continuity in an African Society (Turner, 1972), that socio-political
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factors drove fission in many Q'eqchi' villages rather than demography and degraded
environmental productivity.
Summary of attached papers
Summary of first paper
The first paper is titled, The resilience of Q'eqchi' Maya swidden agriculture in
the Toledo District, Belize. It is currently being reviewed for a yet-to-be-titled book about
social network analysis and natural resource management (the proposal for this book was
prepared by Örjan Bodin and Christina Prell and has been accepted by Cambridge
University Press). My paper begins by testing whether the r-K phase of adaptive cycle
model fits historical Q'eqchi' land use patterns, and proceeds to explore the structural
characteristics of Q'eqchi' labor exchange networks. I analyze a five-village
chronosequence of undirected labor exchange networks (collected simultaneously, but
from villages of different ages) and observe that these networks fragment into subnetworks over time, but that they never completely separate from each other. In the two
villages where this kind of fragmentation appears, there remain certain individuals who
work in multiple sub-networks. Based on this observation, I propose a possible
explanation: networks maintain connectivity to help farmers disseminate information
about good places to farm, and that this information actually helps them increase the
productivity of the mosaic of fallow fields and secondary forest that surrounds older
villages. This is a hypothesis I intend to test in the future, but for now it illustrates what I
hope is a new way to think about swidden.
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Traditional conceptions suggest that farmers exploit the most productive forest
possible, based on their understanding of the costs and benefits of traveling to distant,
high-value resources. As the perimeter of uncultivated forest moves farther from the
village after years of use, farmers eventually focus more on lower-quality resources near
to the village (Roper, 1979; Vita-Finzi & Higgs, 1970). The problem with catchment
analysis, as it is known, is that it assumes farmers are independent and rational economic
actors who maximize their productive efficiency consistent with neoclassical economic
theory. My analysis of Q'eqchi' labor networks complicates this picture. The evidence I
present shows dynamic and potentially ecologically adaptive change in labor network
structure. This means that the “calculation” Q'eqchi' farmers are making is more than
primitive economic rationality. In fact, they are rearranging their productive relations to
actually increase the efficiency of their farming which, by extension, decreases their
reliance on the most productive and “pristine” primary forest. I would suggest that this
could be considered a “conservative” aspect of Q'eqchi' swidden agriculture.
In this paper I also explore how social network analysis might provide an
alternative to common property management theory. I begin by observing that the
nominal community leaders, known as alcaldes, do not actively protect the forest from
overuse, what Hardin has called the tragedy of the commons (Hardin, 1968). According
to Nobel Laureate Elinor Ostrom’s theory of common-property resource management, for
the Q'eqchi' to effectively manage their common forests, they should have some way to
sanction over-users (Ostrom, 1990). Generally, some kind of community-based
hierarchical leadership in needed to accomplish this. Alcaldes are the only leaders among
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the Q'eqchi' who can administer fines, so stewardship should probably be the alcalde’s
responsibility, yet there is little historical or ethnographic evidence to suggest that
alcaldes ever performed this duty. If this is so, I ask, does it indicates that the Q'eqchi' are
poor environmental stewards and their form of swidden is ecologically naïve? To explore
this question, I examine the structural position of contemporary Q'eqchi' leaders in
relation to their village’s labor network, and observe that leaders in older, fragmented
networks are farther from the center of their network of labor relations. I suggest that
decoupling hierarchical power from labor-network centrality might actually limit forest
overuse because Q'eqchi' alcaldes traditionally have the power to mandate participation in
large, community-wide labor groups. If an alcalde were also central in a labor network, it
could be tempting to use this overlap of power for personal gain, and the village-at-large
would ultimately suffer from this individual’s “defection.” I do not propose an alternate
form of environmental stewardship in this paper (I do in the second paper, however), but
instead provide this explanation for why it might be reasonable to expect that existing
Q'eqchi' leadership forms would not be involved in environmental monitoring. Thus, this
paper also contributes to the scholarly discourse about swidden agriculture and common
property management theory.
Summary of second paper
The title of my second paper asks, Can social network analysis clarify the
resilience of Q'eqchi' Maya swidden agriculture in southern Belize? Here, I move from
analyzing the macro-structural properties of Q'eqchi' labor exchange networks to
exploring the “first-principles” of Q'eqchi' labor exchange. Swidden agricultural labor is
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usually thought to be organized around social reciprocity, so I analyze a historical
chronosequence of labor networks similar, but not identical to the networks analyzed in
the first paper; here they indicate the directionality of each labor exchange relationship. I
calculate statistics that show how levels of reciprocity decrease in older villages
independent from demographic growth10. But instead of indicating the functional limits
of reciprocity in larger communities (and therefore swidden), I use structural analysis
(although not by name) to argue that reciprocity has a functionally important antipode
that may obviate the need for hierarchical management of the forest commons. I propose
that refusing or avoiding helping another farmer, (or in other words, violating the social
norm for reciprocity), may limit the productivity of farmers perceived as “defectors”
when a network of social connections exists to amplify individual action into collective
action. Interestingly, the “reciprocity/anti-reciprocity” binary opposition mirrors Q'eqchi'
cosmology: before planting, farmers traditionally pray and make offerings to Tzuul
Taq’a, (polytheistic deities literally named “hill-valley spirits” who “own” specific areas
in the forest), in exchange for use of the forest. If this offering is not made, is insufficient,
or is made inattentively, the farmer risks retribution: a Tzuul Taq’a can send poisonous
snakes to attack or drop trees and branches on him. Interestingly, a network perspective
also gives functional significance to public ritual offerings: if a farmer is observed failing
to perform the proper offering, he may be perceived by potential labor exchange partners

10

Growth could confound social reciprocity because the number of possible connections
between individuals grows exponentially when population increase linearly. This makes
it increasingly hard to maintain a constant proportion of connection throughout a
population.
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as not respecting the Tzuul Taq’a, the symbolic representation of nature in Q'eqchi'
cosmology. As we have seen in Chapter 1, news travels fast through small-world
networks, and this symbol of environmental contemptuousness could be punished en
mass by more assiduous practitioners simply by refusing or avoiding helping him with
his field. Thus, an important contribution of this paper is to identify the possible
functional significance of “anti-reciprocity” when swidden production is highly
dependent on reciprocal labor exchange. Another contribution is possibly connecting
traditional Maya cosmology and environmental stewardship; as far as I am aware, little
progress has ever been made in the search for this “functional” link.11
The paper concludes by analyzing whether the demographic schism observed in
one village in 2007 (nearly half the village moved away) constitutes a structural
“collapse” and “reorganization” as predicted by the adaptive cycle’s omega-epsilon
phase. I find that instead of collapsing, the village quickly stabilizes when several new
families move in and actually increase land-use rates somewhat. This can be interpreted
in two ways; first, from a social network perspective it may suggest that the omegaepsilon phase of the adaptive cycle may not be an appropriate model for village collapse.
Second, the absence of collapse could be seen as support for the exploitive capacity of
swidden; but instead I pose the following question: if villages were susceptible to
collapse and dissolution, would migration not increase? The ability of this village and it

11

I am emphasizing the importance of this cosmological link here, but I should note that
this is not the focus of the paper and it would take more work to demonstrate it
conclusively. In fact, the functional link is most completely developed in this very
paragraph.
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labor exchange network to persist suggests a social centripetal force, based on the
resilient properties of networks, towards maintaining established villages rather than
forming new ones. This keeps swidden activity centered in already-exploited areas rather
than unspoiled primary forest and lowers overall deforestation rates due to swidden.
Thus, I propose that the flexibility of Q'eqchi' labor exchange networks to restructure
after a demographic shock and increase swidden rates should not be considered in direct
relation to the forest (a homeostasis perspective), but rather in the full spatial and
temporal context of a village lifecycle where first-order “conservative” adaptations occur
only after the development of a mature fallow-field/secondary forest mosaic.
Summary of third paper
The third paper is tentatively titled, A micro-demographic analysis of Q'eqchi'
swidden agriculture and migration history in southern Belize. I plan to submit this paper
to the journal Ethnohistory. Here, I put aside both panarchy theory and social network
analysis for more traditional approach, and focus on analyzing the key drivers of the
actual village-level history of the southernmost villages in the Toledo District. Building
on the theoretical review presented in this introduction – and in particular, the political
economy critique of panarchy theory – I argue that the key to understanding what drives
the demographic patterns of swidden producers (and therefore land-use patterns) is the
region’s actual history (not a model of it, carrying capacity, panarchy, or otherwise) and
the actual history of capitalist economic expansion into the region. In the paper I analyze
primary historical documents, oral history interviews, and over 100 years worth of
baptism records collected by for decades by the priests of St. Peter Claver Catholic
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Parish. With these data, I reconstruct the “budding history” of twelve related villages in
southernmost Toledo to determine whether Q'eqchi' households settled new villages
because their parent village had reached its ecological limits, or whether migration was to
avail themselves of new opportunities for wage labor. I find solid evidence in only two
villages that swidden-related environmental limits were reported as immediate causes of
resettlement. In all other cases, expansion of the market forces into remote parts of the
District appear to be more significant reasons for demographic shifts. In the second part
of the paper, I use the settlement history to conduct a historical catchment analysis that
supports the notion that historical Q'eqchi' settlement patterns were driven by market
incursion, rather than carrying capacity.
My ethnohistory paper also presents new oral history data showing how unequal
access to power within Crique Sarco led to endogenous social stratification in what was
previously thought to be an undifferentiated and non-hierarchical indigenous culture
(Schackt, 1986). This social stratification is then traced to a subsequent resettlement
event that occurred independent of local environmental limits. While the importance of
endogenous social stratification within Q'eqchi' communities has perhaps been
underappreciated in the scholarly literature, the importance of market expansion and
development in the Toledo District is understood. Wilk (Wilk, 1997) published a
substantial account of the region’s ethnohistory; bits and pieces have been recorded in
various unpublished reports (CARD community reports); the Maya Atlas is an important,
emic account of historical Maya land-use (Toledo Maya Cultural Council, 1997), and
most recently, a critical analysis of development was published (Wainwright, 2008). My
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paper contributes to this discourse in two ways. First, I attempt to tell the history of the
villages from a Q'eqchi' perspective; while I do not cite the Annales School in the paper,
it is with this approach in mind that I researched and wrote it (Burke, 1990). Consistent
with the Annales School, I treat each village’s history not as an isolated event (as they are
presented in the Maya Atlas), but as an integrated history, which I think better represents
the historical relationships among them. From this perspective, Toledo’s longue durée
appears to be characterized by a slow evolution of land-cover and forest ecology, and a
slowly increasing cycle of market incursions throughout the 20th century; in addition, the
withdrawal of the British colonial government beginning in the 1960s and the
concomitant transition to independence in 1981 was a critical transition. On top of this
social-historical trajectory, Q'eqchi' households forged an existence that was subsidized,
at times entirely, by swidden agriculture, and which formed the last aspect of Toledo’s
longue durée: a slow expansion of Q'eqchi' settlements.
My paper highlights the substantial role of market incursions into Toledo, and is
supported by quantitative historical catchment analysis. As noted, this is not a new
conclusion, but I believe my synthetic presentation of village history “from below” is a
novel approach to Q'eqchi' ethnohistory in Belize. In addition, the paper makes a more
general contribution to understanding the relationship between demography and swidden.
A recent paper in Human Ecology claimed that despite decades of research into swidden
agriculture, there is a disjuncture between the hypothesized relationship between
demographic growth and swidden and our actual knowledge of the demographics of
swidden agriculturalists. The authors suggest there is a “surprising lack of conclusive
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data on the number of people involved in swidden cultivation. Such data are essential if
development in rural areas currently and formerly dominated by swidden cultivation is to
achieve the international goals of reducing poverty and strengthening local livelihoods”
(Mertz et al., 2009). The reasons for this are obvious: swidden cultivators generally live
in remote areas where censuses are difficult to conduct, and when they are counted, their
true livelihood is not recoded accurately because most surveys fail to distinguish swidden
cultivation from other forms of agriculture. Thus, the St. Peter Claver baptism records I
analyze in this paper offer a unique perspective on the region’s demographic history. And
although imported foods were at times eaten, and markets for agricultural products began
to open in the second half of the twentieth century, these incursions were limited, finite in
duration and, most importantly, accounted for and therefore controlled for in the analysis.
Synthesis
As I reviewed in Chapter One, theories for explaining swidden as a coupled
human-environment system remain bound to the ideas of T.R. Malthus and Ester
Boserup. This limits our basic understanding of swidden because both are rooted in an
outdated concept of ecological homeostasis and neither author acknowledges the human
capacity to solve problems through social or political means. While panarchy theory tries
to improve on the largely outdated concept of homeostasis, it remains highly systematic
and in many cases linear. My own data illustrates this problem: the adaptive cycle’s r-K
phase appears to fit historical Q'eqchi' land-use patterns, but not their labor network
patterns.

68

When Graham Creek village suffered a substantial demographic shock, its effects
ultimately did not threaten the ability of its labor network to function, probably because
of the resilience of the network, rather than the resilience of nested adaptive cycles. In
light of this, it is important to reiterate that the r-K phase is simply a repackaged and
abstracted version of Malthus’ original theory of population growth that has been
encapsulated in hierarchies of adaptive cycles. This should not be taken as an invalidation
of panarchy theory, but as an indication that it does not yet handle human systems as well
as it does natural systems. Yet progress is being made on this point by incorporating
social networks, which can be studied mathematically, which are important forms of
political and collective action unto themselves, and which may have structural properties
that imbue resilience, into panarchy theory. Following this avenue of investigation has, I
believe, provided insight into some of the dynamic properties of Q'eqchi' labor networks.
It is all too common to see social networks described as “flexible”, but much more rare to
see a demonstration of network dynamics in action. I believe the illustrations of labor
network dynamics seen in my first two papers suggest that there are, embedded in the
social organization of Q'eqchi' swidden, properties that slow what would otherwise be a
rapid outward agricultural expansion. As far as I am aware, this claim has never been
made about swidden agriculture and panarchy theory can be credited with providing a
useful framework for the analyses that led to it.
It remains an open question whether my “conservative swidden hypothesis” will
withstand further testing; I intend to find out, but as Hornborg’s critique points out,
panarchy theory does not account for political economy and differential access to social
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power. I do not believe this can be resolved by modeling “the global market” as an
abstract, ponderous, and unpredictable adaptive cycle that periodically reached in to
perturb the residents of the Toledo District (Indeed, it would be a dubious proposition to
call any of the market expansions into Toledo “adaptive”). But my goal in this
dissertation is not to amend panarchy theory; my goal is to advance theories of swidden.
Until this point, I have treated social history and panarchy as parallel analyses that
illuminate separate but related aspects of Q'eqchi' swidden. But reframing the MalthusBoserup dichotomy as a question of social history may help account for political
economic effects on swidden production in a way that panarchy theory cannot. This can
be done by asking whether socio-cultural aspects of Q'eqchi' swidden production, in
whatever form it manifests (leadership structures, social networks, cosmology, etc.),
relate to the longue durée of regional landscape evolution.
Environmental stewardship by community leaders is one way this has been seen
to occur, but Ostrom’s common-property management theory does not seem to fit
Q'eqchi' leadership responsibilities. Nevertheless, Q'eqchi' cosmology clearly points to
the culture’s profound respect for nature and, as I suggest in the second paper, there may
even be functional connections to the organization of labor exchange networks, and even
cosmology, that explain why Q'eqchi' alcaldes do not monitor the commons. But even
without a functional interpretation, conservative cosmological principles suggest a deep
environmental consciousness that seems to contradict the conclusion, based on commonproperty management theory, that simply because alcaldes do not actively monitor the
commons, the Q'eqchi' are poor environmental stewards. Taken together, the first two
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papers provide an alternative explanation for how environmental stewardship could, for
the Q'eqchi', be embedded in labor norms. The first paper shows how leadership
decouples from labor networks later in the village lifecycle. As labor networks bifurcate,
they maintain connectivity in order to efficiently cultivate the secondary forest mosaic
near the village; but during this process, leaders move towards labor network’s periphery
to prevent them from accumulating too much power over the labor network, the principle
“means of swidden production”. If there is concern with certain individuals accumulating
too much agricultural power, it seems reasonable that they might also want to avoid
empowering their leaders with the monitoring and sanctioning Ostrom sees as necessary
to maintain the commons. But without stewards, the Q'eqchi' are left without a
“conservative” principle. The second paper proposes to fill this gap with its structural
analysis of reciprocity/anti-reciprocity, which hinges on the amplificatory effects of
social networks to turn a single farmer refusing to help into a collective denial of labor to
farmers seen as “defecting”. It is also interesting that this network perspective also gives
functional significance to ritual offerings. Taken together, the first two papers provide an
alternative to leadership-based theories of common property management that may be
more appropriate to the Q'eqchi'.
Using the broader and less structured approach offered by the Annales school,
another interesting inference can be made by considering how the frequent market
incursions documented in my ethnohistory paper relate to the inertial properties of
Q'eqchi' village settlement patterns described in the second paper. If twentieth century
market forces accelerated Q'eqchi' settlement, as they seem to have done, the

71

conservation of primary forest seen in later stages of the village lifecycle would have
been deferred. The actual rate of swidden cultivation remained steady, but because
economic opportunities required relocation, the rate of primary forest exploitation
actually increased. To put it in economic terms, market incursions increased the discount
rate on the future value of Toledo’s forests by amplifying the village resettlement rate.
Admittedly, this kind of counter-factual analysis is not the strongest type evidence, but
the inference is that Q'eqchi' swidden, while the proximate cause of tree-mortality, is not
driving the longue durée of Toledo’s steady deforestation – for that, market expansion
appears to be responsible.
Drawing on the language of an oft-cited debate in environmental anthropology,
one could now ask whether swidden agriculture is ecologically noble or environmentally
naïve (Hames, 2007). I have just summarized the key reasons from my research why the
Belizean Q'eqchi' are not the latter. But the Q'eqchi' world is not, and has never been a
zero-sum game, and they should not be portrayed as post-modern nobility. While Q'eqchi'
existence in the 20th century was often a matter of practical survival, the process of
unexpected articulation between local and global is a rather well understood, albeit still
underappreciated, process. To cite the premier example, Eric Wolf in Europe and the
People without History described several cases where the history of indigenous cultures
intersected that of European capitalism and eventually become intertwined with its global
expansion (Wolf, 1997). With growing popular and scientific appreciation for the role of
deforestation in raising the planet’s temperature, it would be a timely occurrence if the
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nature of the invisible connections between swidden and the global economy were now
coming to light.
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APPENDIX A - THE RESILIENCE OF Q'EQCHI' MAYA SWIDDEN
AGRICULTURE IN THE TOLEDO DISTRICT, BELIZE

Abstract
This study critically examines whether the adaptive cycle model applies to
swidden agricultural communities and conclude that it adequately models the r-K phase
of the adaptive cycle based on survey data collected in five Q’eqchi’ villages of different
ages in the southern portion of the Toledo District, Belize. Social network analysis is then
used to explore how Q’eqchi’ reciprocal labor exchange networks change throughout the
r-K phase to more effectively exploit the development of the patchy secondary forest
mosaic that comes to surround each village. Efficient discovery and diffusion of spatial
information about good field locations is enhanced by increasing the number of
information brokers and reducing labor group size. The development of weak leadership
and the lack of social norms preventing forest overexploitation in Q’eqchi’ communities
is explained as a way to prevent individuals from exploiting structural holes in the labor
exchange network to their own advantage. The paper concludes by highlighting the
apparent non-linear feedback relationship between Q’eqchi’ labor network configuration
and the secondary forest mosaic and suggests that labor networks may constitute a
complex adaptive system.
Introduction
Swidden agriculture is reputed to be an important cause of deforestation in
tropical parts of the world – is it plausible that Q’eqchi’ swidden is un-adapted to the
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pitfalls of rampant clearing and cultivation? This chapter critically examines this question
by exploring the relationship between two distinctive features of life in a Q’eqchi’
village: reciprocal labor exchange networks, and the leadership role known as the
alcalde. Labor networks are crucial to answering this question because they provide
individual farmers the ability to capitalize on collective labor of groups of up to thirty
men for intensive tasks such as clearing and planting. These groups are the proximate
causes of tree mortality and their precise functioning must be understood prior to
determining if and how the Q’eqchi’ constrain their capacity to clear the forest.
Unrestrained clearing could be a problem, in part, because the forest is a commonproperty resource. Government land-tenure policy maintained most of the Toledo District
in this state throughout the 20th Century, granting usufruct rights to farmers at a nominal
cost. Under these conditions community leadership and sanctions sometimes develop to
protect shared resources, but Q’eqchi’ leaders are rarely involved with forest protection.
Does the absence of environmental sanctioning among Q’eqchi’ leaders demonstrate the
destructive capacity expansion of swidden agriculture? If not, how do Q’eqchi’ limit
overuse of the forest by individuals? These are the questions this chapter seeks to answer.
Swidden involves clearing a small plot of land from a forest, burning the detritus
to fertilize the soil, and then planting. Seldom can more than three seasons worth of crops
be planted before it must be left fallow due to declining soil fertility. This form of
agricultural production is widely perceived as sustainable only when land is abundant and
population pressure in low (Wright & others, 1959). This conclusion is based on the
concept of carrying capacity and, a concept that predicts the maximum number of
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individuals who could be sustained by the productive capabilities of a given natural
resource. Early research into swidden agricultural communities have sought to
understand how ecological carrying capacity either limits demographic growth (Malthus,
1798/1826), or fosters agricultural innovation (Boserup, 1965). But it soon became clear
that the homeostatic assumptions that underlay carrying capacity calculations caused the
concept to be best applied only in a descriptive or heuristic manner (Brush, 1975).
Subsequent research into swidden systems acknowledged that human behavior was too
complicated and unpredictable for a simple ecological model, and even the most remote
cultures interacted in larger social contexts, thereby invalidating the “closed-system”
assumption of the carrying capacity model (Cliggett, 2001). Now the dominant approach
to studying swidden agriculture is political economics. This approach has proven to be
fruitful and has been used successfully to debunk several common misperceptions about
swidden agriculture communities that have caused critical policy failures and exacerbated
environmental destruction (see Dove, 1983).
One approach to understanding how a community might learn to conserve its
natural resources is the concept of resilience. Resilience is defined as the capability of a
system to adapt to changing conditions without fundamentally losing its identity or
structure. Resilience is based on the capability of the system to learn, adjust and
reorganize (Gunderson & Holling, 2002). The Q’eqchi’ are an example of a linked
human-natural system, and the resilience of their culture relies on their ability to adapt to
the forest’s productivity, to climate change, and to social factors such as land-tenure
regimes, and economic opportunities. The ability to increase resilience, termed adaptive
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capacity, lies in institutions, norms, and social networks, all of which all endow the
Q’eqchi’ and similar communities with a range of responses to changing conditions
(Berkes & Folke, 1998). The adaptive cycle is a conceptual model of a system’s adaptive
capacity, which emphasizes its ability to reorganize and change (Gunderson & Holling,
2002). There are four phases in the adaptive cycle: growth or exploitation (r);
conservation (K); collapse or release (Ω); and reorganization (α). Cycles operate and
interact across scales (Levin, 1992), and it is also possible, given a strong enough
perturbation that the system could “flip” into an alternative state. If Q'eqchi' swidden has
adapted to limit overuse of the forest, the concepts of resilience, adaptive capacity, and
the adaptive cycle model might provide a way to understand how it works.
In order to encourage improved state-level support for community-based land
rights and forest management, Janis Alcorn and Victor Toledo used the adaptive cycle
model to analyze two swidden agricultural communities in Mexico (Alcorn & Toledo,
1998). They reviewed each community’s land-tenure history and concluded that state
support for community-based land-tenure helped to maintain healthy balance between
high forest and low-forest/fallow areas, and increased the overall resilience of the system.
This study suggests that there are important policy implications if the adaptive cycle
model does indeed fit swidden agricultural communities, but it does not directly address
the underlying dynamics of the communities’ interactions with the forest, or whether the
communities have the ability to manage their environmental resources over the long term.
In this paper, I address these questions analyzing results from a household survey.
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And even if Q'eqchi' swidden is shown to exhibit resilience as predicted by the
adaptive cycle model, it remains to be seen how social networks and leadership norms
contribute to it. I believe the key to understanding the resilience of Q’eqchi’ swidden
agriculture lies in their efficient use of the forest, and in the development of community
norms which prevent village leaders from exploiting reciprocal labor networks to their
personal advantage. To address this question, I use social network analysis to explore
how Q’eqchi’ reciprocal labor exchange networks change through time, and how this
leads to more effective utilization of the information-rich secondary forest mosaic that
forms around the village.
A social network approach to swidden agriculture
Few recent studies have sought to use social network analysis to examine the
behavior of swidden agriculture, but recent research has suggested it can reveal how
underlying social factors affect the acquisition and distribution of ecological knowledge.
For example, Crona and Bodin used bock modeling to show how weak communication
pathways in a Kenyan seaside fishing community inhibited communication of important
ecological knowledge and resulted in a failure to regulate resource extraction (Bodin &
Crona, 2008). At a more general level, it has been argued that the structure of
community’s social networks can affect the distribution and flow of environmental
information and affect the community’s resilience in the face of environmental variability
(Bodin et al., 2006; Janssen et al., 2006). There is only one study that I am aware of
which uses social network analysis to analyze the diffusion of environmental knowledge
in a swidden agricultural community. In it, Scott Atran and others compared forest expert
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networks from Itza’, Q’eqchi’, and Ladino communities. The authors found that Q’eqchi’
social networks were denser, had lower overall knowledge about forest species
interactions, had higher rates for land use, and lacked key individuals to whom other
could refer for information about the forest (Atran et al., 2002). They observed that the
Q’eqchi’ had immigrated relatively recently from the fertile highlands into the warm
tropical lowlands and concluded that the differences in their social network structure and
land use patterns could be attributed to this history. These authors’ approach to social
network analysis was to compare networks across cultures. But cross-cultural comparison
does not provide any assessment of the historical development of the networks in
question and therefore it does not provide any insight into their resilience. Resilience is,
after all, an historical property of a system.
To avoid these problems in this study, and to better explore their resilience, in this
study I compare several Q'eqchi' social networks from villages of varying ages.
Analyzing these networks using the tools of social network analysis provides a way to
improve our understanding of the dynamics of swidden agriculture. Ever since Everett
Rogers published the first edition of “Diffusion of Innovations” in 1962 it has been
known that social structure channels the flow of information in a community and that this
has important consequences for decision making. Rogers hypothesized that dense
networks efficiently diffuse information, but may be less effective at discovering new
information, while weakly connected networks with distant connections may facilitate
discovering new information. Other features in a network’s topology may simultaneously
limit the flow of information, or enhance the introduction of new information. Generally
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speaking, members of dense networks are often culturally similar to each other and share
similar kinds of information. In order to get new information into the group, it is
necessary to have contacts to others outside one’s own group. This is known as the
“strength of weak ties” hypothesis (Granovetter, 1973). The best-known example of this
is the advice commonly given to jobseekers: ask people on the fringes of one’s social
network if they know of any job openings. Loose contacts such as these will be more
likely to have access to novel information, because one’s closest connections tend to have
the same information as the individual seeking the job.
Historically, most Belizean Q’eqchi’ prefer to live in small villages with access to
tracts of forest that they can clear to grow corn and rice. Even though English is now
taught in the schools, the Q’eqchi’ Mayan language remains the lingua franca of the
villages and maintains an important link between the Belizean Q’eqchi’ and the larger
linguistic subgroup that extends far into the Guatemalan Petén and Alta Verapaz. The
Q’eqchi’ have practiced maize cultivation for centuries, mostly for subsistence, but they
also cultivate cash crops such as rice and cacao. They are adept farmers but they also
have a long, cyclical history of interaction with national and international markets (Wilk,
1997). Historically, new Q’eqchi’ villages are founded by families or small kin groups in
areas of virgin forest. Social networks in these nascent villages are small, dense, selfsimilar, and the primary forest stands needed for cultivation are close to the village. The
Q’eqchi’ practice reciprocal labor exchange in which men work together on each others
fields in the expectation that donated labor will be returned at a future date. In the early
years of a new village, all mature members of the village generally work together in each
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other’s fields. As the village ages, other families move into the village, households
fragment, and the population of the village grows, while the primary forest stands
become increasingly farther from the village resulting in longer travel time for farmers
(Wilk, 1997). The fallow fields closer to the village slowly evolve into a patchy
landscape of regrowing fallows (known locally as huamil), and secondary forest. These
lands can also be used for agricultural production, but with certain limitations on
productivity and predictability.
The strength of weak ties hypothesis poses a problem for small, homophilic, and
rural Q’eqchi’ Maya communities. The problem that arises is how to organize reciprocal
labor groups in order to search the forest for the best field locations, as the perimeter of
high-forest expands away from the village and the huamil mosaic increases. Which social
network configuration is best adapted to efficiently learn about prime agricultural lands,
when both virgin high forest and secondary regrowth are suitable for cultivation? A
single large, coordinated, and highly interconnected labor network would require strong
leadership, would function efficiently with regard to production, but may not be as suited
to learn about and explore the huamil mosaic. On the other hand, a set of small
independent labor networks might be very good at exploring the forest, but less suited for
clearing and cultivating large swaths of primary forest. While network fragmentation
might seem like a natural process, the evolution of Q’eqchi’ social networks are not
predicted by cultural history (Atran et al., 2002). Rather, these networks are a dynamic
social structure, which can respond to changing environmental and social conditions.
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Identifying the relationship between social networks and leadership
This study maps Q’eqchi’ reciprocal labor exchange networks in five Q’eqchi’
communities and demonstrates that changes in network structure increase the collective
capacity of the community to effectively exploit fallow fields close to the village. Village
age is used as a proxy for the extent of forest exploitation. Reciprocal labor networks are
analyzed for three reasons. First, they are deeply embedded in Q’eqchi’ history, norms,
and beliefs; a wide variety of offerings and ceremonies are associated with the labor
groups and the different stages of the annual agricultural cycle. Second, they are
important for understanding how agroecological decisions are made; Richard Wilk
suggests, “the choice [where to farm] is rarely made by a single farmer; rather, the
location and to a lesser extent the size of the field are matters of discussion among men,
especially kin, for six months prior to the actual decision” (Wilk, 1997:90). The third
reason networks are important is because, other than the farmer himself and his most
immediate kin, the labor group is the fundamental unit of social aggregation for the
purpose of productive activity in the village. Wilk suggests, “the organization of labor is
the crucial link between production and social organization” (Wilk, 1997:180). He
proposes a three-tier typology of network structures that includes permanent labor
groups, labor circles, and individual exchanges. In each type of exchange, participating
men donate their labor to others with the expectation that an equal amount of labor will
be reciprocated. The differences between types are determined by the timing with which
labor should be returned, the size of the network, and the extent participants in the
network are connected with each other (Wilk, 1997:187). Of these three types, the two
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that most closely correlate with the networks identified in this study are permanent labor
groups and labor circles. These both share interconnected networks structures (unlike
individual exchanges), whereby each member of the group exchanges labor with all other
members of the group; they differ mainly in permanency and scale of the network. Wilk
notes that each type of labor group can be used for specific agricultural tasks, and that
only certain kinds of labor can be exchanged; these features of Q'eqchi' labor networks
are not assessed in the current study.
The relationship between Q'eqchi' labor exchange networks and leadership norms
are examined, however. Elinor Ostrom argued that strong leadership, and swift but
forgiving enforcement of community norms can prevent over-exploitation of communal
resources (Ostrom, 1990). Formal leadership in Q’eqchi’ communities is provided by an
alcalde, but Q’eqchi’ alcaldes are conspicuously uninvolved in agricultural decisionmaking and dispute resolution, which in principal leaves the community vulnerable to the
tragedy of the commons (Hardin, 1968; Hardin, 1998). Hardin’s theory suggests that selfinterested individuals taking more than their share of a common resource will lead over
time to depletion of the resource. Atran’s garden experiment supported the perception
that dense Q’eqchi’ social networks exacerbate deforestation (Atran et al., 2002). The
current study explores this contradiction by mapping Q’eqchi’ leadership roles at the time
the survey was conducted onto each village’s labor network and identifying a trend of
disaggregation between individuals who have the power of the alcaldia from highly
connected parts of the labor network. Identifying this pattern raises the possibility that
Q'eqchi' leadership norms may encourage this process so as to prevent overuse of the
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forest; if alcaldes were allowed to be central to a labor network, they could command
large labor forces and potentially overexploit the forest. But by preventing this from
happening, an individual farmer even if he were central to the labor network, would have
a difficult time monopolizing enough labor to over-use the land and take more than their
share from this shared resource.
It is hypothesized that network structures evolve to facilitate learning about
cultivable forest patches and which help diffuse this information through weak links to
other sub-networks within the village. Co-evolution of modular social networks and
huamil mosaic is likely because farmers report that secondary forest has good agricultural
potential. However, it must become increasingly difficult to identify likely field location;
compared to primary forest, the landscape consists of forest patches at different stages of
succession and therefore has higher information content regarding both soil fertility and
the location of patches suitable for cultivation. Here I test two hypotheses:
1.

As a village ages social networks fragment into smaller weakly linked
sub-networks, which help to identify and exploit patchy resources.

2.

Strong leadership is actively discouraged. The power of the alcalde is
moved away from the most highly connected farmers in order to enhance
the network’s learning capability and improve efficient exploitation of the
huamil mosaic.

A social network study of Q’eqchi’ reciprocal labor exchange
The study site consists of five Q’eqchi’ villages in the southernmost part of the
Toledo District, which borders Guatemala on the west and south and the Caribbean
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Ocean to west. The region is dominated by a tropical forest canopy and is drained by
several large rivers. Villages were selected because their founding dates represented a
wide range of ages. Crique Sarco is the oldest and was founded around 1908. It is the last
navigable point on the Temash River and before a road was built in 2000, it served as a
layover for Q’eqchi’ traveling from more remote villages to the coast and the market in
Punta Gorda. Conejo village was settled in the 1940s by people who moved from Crique
Sarco, as was the youngest village Lucky Strike, which was founded in 2003. Machakilha
and Graham Creek are not daughter villages of Crique Sarco, but rather were formed
from families of Dolores, the oldest village in the southern part of the District. Crique
Sarco, Conejo Creek, and Lucky Strike can be accessed via an all-weather road, while
Machakilha and Graham Creek can only be reached by footpaths through the forest.
A total of 112 households were surveyed about a wide range of demographic,
economic, leadership, and social network data. When possible, male households heads
were interviewed, but if they were not available their wives were interviewed. The social
network portion of the survey was a name generator adapted from the general social
survey (Burt, 1984). Labor exchange networks were represented in the standard form
used in social network analysis: nodes represented individual households, and links were
created when an interviewee identified another person as participating in their labor
exchange network. In addition to listing members of their preferred labor networks,
respondents were asked to recall their farming activities over the last year and to report
how many acres they cultivated, how many men they recruited, whether it was a labor
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exchange group, and how long it takes to walk to the field. They were also asked various
questions about leadership and conflict resolution.
Social network statistics were used to identify structural properties of the
networks (Scott, 2000; Wasserman & Faust, 1994). Cohesive subgroup analysis and
network diagrams were created using the software program Pajek and procedures
described by the authors of the software (de Nooy, Mrvar & Batagelj, 2005)
A framework for interpreting social networks
It has been suggested that the network characteristics connectivity and centrality
are important for understanding the resilience of linked socio-ecological system (Janssen
et al., 2006). Resilient communities need efficient mechanisms to learn about their
environments through experimentation and innovation and effective social mechanisms
to convey this information back to others in the community or to management
organizations (Walker et al., 2006). Among the Q’eqchi’, the question is whether network
structures evolve that facilitate discovery and diffusion of the location of suitable places
for agricultural cultivation in a huamil mosaic. Unfortunately the network statistics
recommended by Janssen et al. for measuring connectivity (density and diameter) and
centrality (degree centrality or betweenness) are not suitable for comparing the villages in
this study because each of the five is a different size.
Network density depends on the number of nodes constituting the network, and
therefore it is impossible to compare densities across networks of different sizes (Scott,
2000). The diameter of a network increases with network size, and is also problematic.
Degree centrality is independent of network size and it can be used to represent the
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relative importance of one node compared to other nodes within a network. Mean degree
centrality can provide an estimate of the likelihood that random node is located in an area
of a network that has a high number of connections, but it may not accurately represent
overall density if node degree is not normally distributed throughout the network. One
unusually high value could inordinately weight the results (Crowe, 2007). To compare
networks of different size one could calculate degree centralization, but this is also
dependent on network size and therefore cannot be used here (de Nooy et al., 2005).
Betweenness centrality indicates the importance of a node in decreasing the distance
between nodes in a network and betweenness centralization characterizes the whole
network. Unfortunately, both calculations have the same network-size problem as degree
and therefore cannot be used to compare networks of different sizes.
The network-size problem has been overcome in a study of inter-organizational
networks using k-cores (Crowe, 2007), but this approach failed to identify underlying
structures in Q’eqchi’ labor exchange networks because they are very dense. Instead, I
have used clique detection with complete subnetworks, a technique useful in detecting
structure in very dense networks (de Nooy et al., 2005; Wasserman & Faust, 1994). A
clique is defined as a maximally connected subnetwork of three or more nodes. Cliques
can share members with other cliques and can be used to identify overlapping cliques,
which represent social circles. Here the number of overlapping cliques in a village will be
used to represent the concept of betweenness and to indicate how Q’eqchi’ social
networks may evolve.
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Different metrics for evaluating information flow are needed for the purposes of
this study. An important phenomenon related to information are cut-points, nodes whose
deletion from the network increases the number of components in the network (de Nooy
et al., 2005). These individuals play an important role in moving information, and can use
their position between components to their advantage. In the model tested here,
communities need to develop and maintain multiple key individuals actively farming out
in the forest and communicating their knowledge to others. They also need to prevent or
discourage these individuals from consolidating too much power based on their structural
location. Related to cut-points are bi-components. Bi-components are overlapping cliques
that do not include cut-points. Finally, the concept of structural holes is useful when
discussing how features in a network’s topology can facilitate the accumulation of power.
A structural hole occurs in an ego’s network when two of his neighbors are not connected
(de Nooy et al., 2005). When this happens the ego can benefit from his control over the
flow of information between his neighbors.
Results
Household survey
In order for network structures that enhance collection and distribution of
environmental information to adapt to local ecology, several conditions must be met.
First, huamil must be an important agricultural resource to farmers unto itself and not just
a second-best option to primary forest. Second, the village lifecycle must fit the r-K
phase of the adaptive cycle. Third, reciprocal labor group size must adjust to evolving
ecological conditions. Fourth, farmers must talk with other farmers about where to put
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their fields. To determine whether Q’eqchi’ alcaldes qualify as effective stewards of the
community’s shared natural resources, leadership norms must be established. Each of
these conditions was addressed by a question in the household survey.
Two broadly defined categories of forest used by the Q’eqchi’ are primary forest
(high bush), and secondary forest (huamil). Primary forest is widely known to contain the
most diverse set of resources including medicinal plants, wood poles for house building,
and vines tying and binding. Huamil provides fewer of the most important products that
can be found in the high bush. Generally, primary forest is also considered the most
productive land and is best suited for corn and rice; but almost as important as its
productivity is the certainty that it will produce. According to farmers, huamil can be
nearly as productive as primary forest, but there is also a greater chance that it will not
produce at all, supporting the proposition that it is very important to select the best
huamil fields possible.
In order to see whether people placed higher value on primary forest or huamil,
they were asked “Which is more important? Primary forest, huamil, or they are equally
important?” Overall 65% of people responded that they were equally important, 35% said
primary forest was more important, and nobody thought huamil was more important.
These results support the proposition that secondary forest is a valuable agricultural
resource, and not just a second-best alternative to primary forest.
When a village is established in a new location there is usually lots of primary
forest and little or no huamil. Because primary forest is the most valued agricultural
resource and because it is close to the village, one might think that farmers would cut
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larger fields in young villages than in the older ones. To test this, farmers were asked to
recall the number and size of their fields for the past three years.12 The reported field
sizes from five villages were summarized and presented in Fig. 10.1. Maximum field size
for each village was plotted along with the total number of acres cultivated over a threeyear period. Villages are labeled with their approximate ages determined through
interviews and archival records. Clearly Machakilha and Graham Creek are clearing
larger fields than the older villages, Conejo Creek, and Crique Sarco.

Figure 10.1: Total 3-year land use and maximum reported field size. Increasing land use
with time, followed by decreased exploitation suggests that the village life-cycle follows
the growth/exploitation to Conservation phase (r-K) of the adaptive cycle (see
Discussion).

12

Survey implementation limitations prohibited asking that land-use histories be broken
down between primary and secondary forest types.
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But why are Lucky Strike’s fields so much smaller than those of Machakilha and
Graham Creek, when it is younger and presumably has the most plentiful and most
productive land to exploit? There are three possible explanations derived from interviews
with the families. First, Lucky Strike is still quite small, and lacks the labor resources to
cultivate more land. Second, these families have invested heavily in a bus-route and are
engaged in wage labor, which allows them to earn money and purchase food without
clearing large areas of forest. Third, the families that settled at Lucky Strike may be
managing the land as a private property resource, rather than a common-property
resource.
They have a surveyed boundary line and have given no indication of farming
outside of their property lines, and therefore may be more interested in preserving their
land for the long-term by minimizing its use. On the other end of the age-spectrum,
Conejo and Crique Sarco present a simpler scenario. 62% of Crique Sarco households
rank subsistence farming their most important form of income while 38% households
rank a business, salary, or handicrafts most important. 94% of Conejo households rank
subsistence farming most important. Even with these socioeconomic differences, both old
villages in the study reported significantly smaller maximum size fields, and less overall
area used for farming over the past three years. These results show that field size and land
use shrinks as villages get older, and as they deplete the most promising primary forest
stands close to the village.
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Respondents were asked to report on the organization of labor for a specific field
they cultivated within the last twelve months. For each stage of the agricultural cycle
(clearing, planting, weeding or spraying, and harvesting), they were asked to recall the
number of men, and whether it was a labor exchange or if they paid for the labor. From
these responses, only those reported as labor exchange were extracted and summarized
(Fig. 10.2). Average labor exchange group size follows a similar pattern as field size
(Table 10.1). Lucky Strike generally has smaller groups, while Graham Creek and
Machakilha have the largest groups, and Conejo and Crique Sarco have the smallest
groups. Machakilha’s use of smaller labor groups than Graham Creek may indicate that it
is beginning to enter a more conservative phase in which small group sizes help search
for the most productive huamil field site.
For environmental information to move through a network it is important that
farmers talk to each other. Farmers were asked, “Do you talk to other farmers when
deciding where to place your fields?” Overall, 64% of farmers did, and 36% did not,
suggesting that it is important for farmers to talk to others about where to put their fields.

Table 10.1: Labor group summary statistics.
Village
Lucky Strike
Graham Creek
Machakilha
Conejo
Crique Sarco

Mean
9.72
11.75
10.24
8.95
7.59

Standard
Deviation
4.35
3.97
6.43
5.57
3.98
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Figure 10.2: Distribution of labor exchange groups.
To what extent do Q’eqchi’ leaders protect the community’s environmental
resources from overuse? Leadership activities in Q’eqchi’ villages are traditionally
conducted by an alcalde, similar to a village mayor. The position of the alcalde has
tentatively been traced to pre-Hispanic times (Farriss, 1984) and in Belize the institution
was formalized in 1857 when the British Colonial government passed the Alcalde Act
(Bolland, 1987). The alcalde serves as a representative to the government to lobby for
village improvements, as a primary contact for visitors to the village, and as a judiciary in
minor legal infractions. But because the alcalde is a government official, new villages do
not have them. In fact, requesting an alcalde and being granted one is an important step in
the village lifecycle that generally happens 10-20 years after the village is first settled.
Once granted permission from government, the village elects an alcalde. Traditionally,
however, the alcalde is pre-selected by village elders and a pro forma election formalized
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their selection. The alcaldeship generally rotates every year. Prior to receiving permission
to elect an alcalde the village founder, the man who was the first to chop the high bush in
the center of the village, who planted the first corn, and who was the first to move his
family to the village, holds a significant amount of power in a village. But the village
founder is clearly involved in agricultural tasks that the alcalde, in his official capacity, is
not. Some of this separation of power might be because the alcalde’s duties are defined
by the government, but because the institution is highly integrated into Q’eqchi’
communities, it would seem unlikely that alcaldes were historically uninvolved in solving
agricultural problems.
It would have been futile to ask whether alcaldes ever limit farmers’ uses of the
forest (they do not), so instead, respondents were asked a hypothetical question: “If you
saw someone stealing from another man’s field, what would you do?” The most frequent
response was to talk directly to the person stealing (Table 10.2). The second most
frequent response, which was offered by one fourth or fewer of the respondents in any
village, was to talk to the alcalde, and the third was to do nothing. When I asked this
question to one consummate farmer from Crique Sarco with a good sense of humor, he
burst out “give him corn!” While this response was half in jest, it does reflect the
relatively low level of involvement the alcalde has in agricultural matters.
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Table 10.2: Survey responses to the question, “If you saw someone stealing from another
man’s field, what would you do?”
Conejo
Talk with him directly
Talk to the alcalde
Do nothing
Make him pay
Report to the chairman
Tell the farmer whose field it is
Depends on the amount taken
Give him corn!

63%
21%
11%
5%

Crique
Sarco
59%
24%
7%
0%
2%
2%
4%
2%

Graham
Creek
75%
25%

Lucky
Strike
88%
12%

Machakilha
52%
18%
24%

6%

Social network analysis
Network theory suggests that information is distributed most efficiently through
densely interconnected networks and between people who are culturally similar (Rogers,
2003). But density is not required for information to diffuse; other structural properties of
networks can facilitate information movement through a network. In order to understand
the role of information brokers, more powerful analysis tools than tallied survey results
are needed. To identify the underlying structure each village’s labor networks, each
farmer was asked hypothetically, “If you needed ten men to help plant or clear a field,
whom would you ask?” In all cases respondents listed others from within their own
village. Table 10.3 includes basic information about each village (10.3A), summary
network statistics (10.3B), and clique analysis results (10.3C). Efforts were made to
survey entire villages, and ultimately samples ranged from 61-100%. Surveying work in
Conejo was severely hindered when one elder refused to participate and all his kin
followed suit. In the other four villages nearly every household was surveyed.
As discussed above, one of the main challenges in this analysis was the difficulty
comparing networks between villages of different sizes. Descriptive network statistics are
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presented in Table 10.3B. Close examination of diameter and density show patterns that
appear to correlate with the age of the village, but these patterns are actually related to the
increasing number of nodes in each network. For example, imagine two villages, one
with ten households and one with twenty, and both villages with a network density of .5.
One might conclude that the network structures are similar in both villages, and that
social networks were operating similarly. But consider that each man in the smaller
village would need only 2.25 connections for the mean network density to equal .5, while
a man in the larger village would need 4.75 connections to achieve the same mean
network density. From the farmer’s perspective, and in regard to maintaining the
“reciprocal” nature of the labor exchange, labor networks in both villages would be
operating under quite different conditions! Descriptive network statistics are presented
here for general information and comparison of individual villages to others of similar
size.
Responses were examined to ensure that no two men in the same village had the
same name. The list of responses was reduced to the first five people listed by each
farmer. When a lower cut-off was used, the resulting network would resemble the
village’s kinship network because farmers would sometimes first list sons who lived in
their household, while using a higher threshold failed to reveal the underlying structure.
Using the first five men listed as a cut-off usually ensured that some men from outside
the household were included, while filtering out much of the “noise” from the network.
Networks were further reduced by removing everyone but household heads, as these men
were considered to be the primary nodes needed to define the labor exchange network.
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Symmetric networks were constructed using an automated routine, and discernible
cliques were detected using complete subnetworks (de Nooy et al., 2005). Using this
technique, dense networks can be effectively searched for instances of complete triad or
tetrad subnetworks.
Table 10.3: Village information, descriptive network statistics, and clique analysis.

A. Village information
Age of Village
Total Households
Households Surveyed
Sample
Religions

Lucky
Strike

Graham
Creek

Machakilha

5
9
8
89%
Protestant

15
17
15
88%
Protestant

B. Descriptive network statistics
Number of Nodes
8
Number of Lines
22
Degree Minimum
2
Degree Maximum
9
Degree Average
5.50
Degree Standard Dev.
2.56
Network Density
w/Loops
0.69
Diameter full network
3
C. Clique analysis
Clique filter
Cut-points
Bi-components
% Cut-points

Triad
0
1
0%

Conejo
Creek

Crique
Sarco

20
18
18
100%
Catholic

70
31
19
61%
Catholic,
Protestant

100
52
45
87%
Catholic,
Protestant

17
52
1
15
6.12
3.67

19
56
2
14
5.89
2.87

15
30
1
8
4.00
2.17

45
158
1
19
7.02
3.31

0.36
4

0.31
4

0.27
5

0.16
5

Tetrad
0
1
0%

Tetrad
1
2
5%

Triad
2
3
13%

Tetrad
2
3
4%

A complete triad subnetwork is an undirected network of three nodes where each
node is connected to each other node; a complete tetrad network is a completely
connected four-node network. When these subnetworks are used to filter out nodes and
edges that do not meet the criteria, only nodes and edges that are included in a matching
complete subnetwork are retained. Generally, retained subnetworks overlap to some
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extent and these overlapping structures are called overlapping cliques. These structures
can be considered the network’s skeleton and overlapping cliques can be considered
cohesive subgroups. Tetrads were used to discern network structure in Crique Sarco,
Machakilha, and Graham Creek, but no subnetworks in Lucky Strike or Conejo met these
stringent criteria, so instead triads were used. Given the small size of Lucky Strike this is
a reasonable observation and I do not believe it jeopardizes comparison with other
villages. Unfortunately, the same is not true for Conejo. The problem with this larger
community is that the partial and discontinuous sample (61%) failed to capture the full
network structure.
The final step in the network analysis was to identify cut-points and bicomponents in the overlapping cliques. These features allow for the most direct analysis
of the network’s potential for information gathering and diffusion. A cut-point is a node
whose deletion increases the number of independent subnetworks in a network, and a bicomponent is a subnetwork with at least three nodes and which does not contain a cutpoint (de Nooy et al., 2005). Bi-components indicate a group of men who frequently
work together on agricultural tasks, and cut-points indicate the presence of one or more
farmers who work in multiple bi-components and who might communicate information
learned in one bi-component to another. Table 2C provides the number of bi-components
and cut-points in each village. These results show that labor networks fragment as
villages age and that the number of information brokers also increases. The key factor to
realize is that these two statistics are mathematically independent from the size of the
village, unlike the descriptive statistics in Table 2B.
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Visual analysis of network diagrams is an effective way to discover important
patterns (Freeman, 2000). Fig. 10.3 illustrates the complete subnetwork diagrams for four
villages. The most obvious pattern is the progression from a single highly interconnected
and centralized labor network (Lucky Strike) to a trifurcated network (Crique Sarco). The
transition between Graham Creek and Machakilha is particularly interesting. Machakilha
is slightly older than Graham Creek, but otherwise the villages are almost identical in
size. Both villages are remote, being only accessible by footpath or by boat, and both are
almost exclusively farming communities. Also, both villages are close to Guatemala and
this is where most people in both villages do most of their shopping and where they go to
sell rice and corn. The major differences between the villages are age, religion, and the
presence of cattle ranching. Machakilha is Catholic and has cattle ranching, while
Graham Creek is Protestant and does not have cattle ranching. The effect of religion on
social networks would be a concern, but because both villages have only one church and
all members of each village attend that church, it is unlikely that religious differences are
responsible for the two network clusters seen in Machakilha. Likewise it is possible that
the presence of cattle ranching in Machakilha could create clusters of farmers and
ranchers. However, the question used to elicit the labor networks asked specifically to
identify ten men for help in farming activities, not ranching. Furthermore, it is rare that
men would use (or participate in) a labor exchange for tending cattle or clearing pasture
as this type of work is almost exclusively conducted with wage labor.
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Discussion
The basic problem that early carrying-capacity studies of swidden agriculture was
unable to solve is the relationship between demographic growth and increasing forest use.
While some researchers believed that swidden agricultural communities actively
managed their environmental resources in an intelligent way, and so as to prevent their
overexploitation and jeopardize the wellbeing of future generations, it was very difficult
to find quantitative evidence to support this hypothesis. Linear analyses based on soil
fertility recovery rates or forest regrowth rates were too simple to capture the observed
behavior. The relationship between the number of mouths a village had to feed and the
number of acres it had to clear was much too direct. And when these communities
become involved in market economies, which they frequently are, the disjuncture
between what we expect to see and what we actually observe becomes even more
difficult to explain. Michael Dove argued that swidden agriculture can be a productive
use of the forest and that fallow fields can provide important ecosystem services, but
even he could not escape stating, “forest-grassland successions are typically a function
not of rapaciousness but of increasing population/land pressure” (Dove, 1983:85). There
are two factors that make the social network evolution shown in Fig. 10.3 intriguing.
First, network structure is related to a village’s place on the r-K phase of the adaptive
cycle, rather than just its population. And second, the appearance of cut-points and bicomponents as a village moves through this cycle signals an increase in the community’s
ability to discover and diffuse environmental information in an increasingly patchy
environmental mosaic.
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The adaptive cycle of a Q’eqchi’ village
There is insufficient data presented here to argue for a complete adaptive cycle
model for the villages in the study (although I have more information that may support
this hypothesis), but what is presented is sufficient to support the utility of the r-K phase
(exploitation leading to conservation) for explaining village founding and growth.
Resilience theory suggests that during this phase connectedness and stability increase and
“skills, networks of human relationships, and mutual trust…are incrementally developed
and tested” (http://www.resalliance.org). Here we see labor exchange group sizes
increasing in the early stages of a village’s growth, and then decreasing (Fig. 10.2). As
villages build their capacity to extract resources from the forest through larger labor
groups, they are simultaneously developing their capacity to search and diffuse
environmental knowledge by increasing the number of cut-points and bi-components in
the labor network (Table 2C). Thus, “connectivity” indicated in the quote above is
defined not just by overall network density, but also by the presence of information
brokers who can communicate environmental knowledge among network bi-components.
The forest’s productivity is limited by the underlying soil nutrient recovery rates
(Webb & Levin, 2004) and the village needs to adapt to a new and dynamic patchwork of
fallow fields. If the adaptive cycle model of a Q’eqchi’ village is supported, group size
should decrease and the number of groups increase in order to most efficiently exploit the
huamil mosaic. Huamil fields are clearly valued by farmers and the labor networks that
develop are the most effective mechanism available for efficiently exploiting them (more
efficient than working alone, or taking on wage labor). The two youngest villages, Lucky
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Strike and Graham Creek, show an increasing rate of forest use (Fig. 10.1) and also an
increase in the size of their labor groups (Fig. 10.2). Machakilha may be at a tipping point
because its overall 3-year average land use per household is higher than Graham Creek,
but its labor groups are on average smaller. But among these three villages, the general
trend of an increasing rate of forest use as these villages age is clear.
The two older villages, Conejo and Crique Sarco, provide evidence for increasing
forest conservation through more efficient exploitation of a patchy huamil-secondary
forest mosaic. Conejo Creek is the second oldest village; 94% of households rely on
subsistence farming, and there are on average 8.95 men in reported labor exchanges. As
an older village, the forest around Conejo has a higher level of fragmentation than the
younger villages and smaller groups are more useful for searching and taking advantage
of this environment.13 The Crique Sarco case is less clear because non-farming activity
could explain its lower groups sizes; only 62% of households report subsistence farming
as their most important livelihood activity, and the smaller number of farmers in the
village could theoretically influence the average reported labor group size. However, it
should be noted that there are 45 nodes in the Crique Sarco labor exchange network
(Table 2B), more than twice as many as either Machakilha or Graham Creek. Because of
the number of nodes, the capability for large labor groups there is very high, yet people
do not frequently form them.
13

Remotely sensed and training data and were collected simultaneously with the social
network analysis survey during the 2007-8 field season. A quantitative analysis of forest
fragmentation surrounding each village using spatial statistics will be presented in a
subsequent dissertation chapter, and it will be used to test whether the proposed
correlation between smaller group size and forest fragmentation holds up.
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Overall, there appears to be evidence to support the supposition that the lifecycle
of a Q’eqchi’ village can be described at least by the r-K phase of the adaptive cycle. The
implication of this is that Q’eqchi’ social structures evolve into a conservation (K) phase
which minimized the exploitation of primary forest and optimizes the use huamil and
secondary forest resources.
Is village fissioning explained by kinship or Protestantism?
Is the apparent labor network fissioning in Fig. 10.3 driven by the need to
improve the learning capability of Q’eqchi’ labor networks, or might kinship groups or
religious differences better explain the pattern? The bi-components seen in Crique Sarco
(Fig. 10.3A) are indeed structured around kinship groups, while in Machakilha (Fig.
10.3B) they are not. But with regard to processing environmental information, it does not
matter whether the individual composing the bi-component are related or not. What is
important, however, is the presence of key individuals (cut-points) who serve as
information relays between bi-components. In Crique Sarco individuals 13 and 17 link all
three bi-components, and in Machakilha only one is needed, individual 18.
The schismatic effect of Protestant and other missionary religions on Belizean
Maya villages is well known (Schackt, 1986). The three smallest villages only have one
church each so there are no religious differences to drive fragmentation nor is there, in
Lucky Strike or Graham Creek, any network fragmentation to explain. In Machakilha
100% of respondents reported attending the Catholic Church, and so religious differences
are unlikely to explain the presence of the bi-component. Crique Sarco has both
Protestant and Catholic churches, and here the question deserved the closest attention.
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Members of the Protestant church do tend to pursue occupations other than farming,
although it is unclear whether this is a cause or effect of their Protestantism. More
important perhaps is that participation in the Protestant Church requires abandonment of
the rites that reinforce the labor network bonds. Abandoned are the old rituals such as
burning copal, offerings to the Tzuul taq’a, the guardians of hills and valley, and the
shared meal offered by a farmer to his helpers before and after a labor exchange. This
effect of the Catholic-Protestant schism in Crique Sarco has certainly caused the village
to fragment. But this effect has been so extreme that all Protestants have removed
themselves from the labor network depicted in Fig 10.3A. All participants depicted in this
network are in fact Catholics, and yet the network still exhibits the fragmentation and
development of weak ties that are necessary to more efficiently exploit a patchy huamil
landscape.
Leadership, structural holes and preventing the accumulation of power
Cultural norms for problem solving and conflict resolution seem to encourage
people to talk directly with protagonists (Table 1). While the alcalde is available to help
on particularly difficult matters or intervene in very serious problems (e.g., machete
fights, or spousal abuse), invoking his authority is clearly a secondary option for
villagers. These norms are taught to children and passed down through the generations.
But when an individual assumes a central position in a network of relations it is possible
that he could derive personal advantage from his position, by controlling communication
among others in the network. These absences are known as structural holes (Scott, 2000).
This presents a problem for Q’eqchi’ labor network as they grow from a single highly
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centralized network, to a network consisting of several bi-components linked by
information brokers who could potentially commandeer and abuse their positions of
power in the village. Compounding the problem is the need for an alcalde from the
village, likely candidates being well-established farmers already deeply involved in
reciprocal labor networks. Between labor exchange network structures and villages
leadership roles there is significant potential for the consolidation of power. What
prevents the development of hierarchical leadership structures in Q’eqchi’ villages?
The specific structural conditions that would favor an inordinate accumulation of
power would be a man highly central to the farming network, or acting as an information
broker, who was also an alcalde. Young villages are confronted with a problem because
the village founder is almost certainly a central figure in the village’s labor network, as in
Lucky Strike (Fig. 10.3D). There is little that can be done to prevent him from being in a
powerful position, but there are few structural holes that can be exploited because the
village has only one bi-component. Also, young villages are too small to request an
alcalde and the village founder usually serves unofficially in this capacity.
The relationship between Graham Creek (Figure 10.3B) and Machakilha (Fig.
10.3C) suggest that villages, as they move from r to K, remove the key leadership roles
from central nodes in the labor network. In Graham Creek the village’s founder is also
the alcalde. While he is neither a cut-point nor the most highly connected farmer
(degree=7, max=13, min=3), he is highly involved in the central farming network and his
position slightly outside of the center can be explained by his ability, as founder and
alcalde, to accumulate power – he owned a boat and a motor and his higher status and
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more diverse economic options may have actually decreased his need to work as hard at
farming as others in the community. Machakilha shows how a village deconsolidates
power as it progresses farther towards K. The village founder is not included in the
central farming network and he is in fact a horse breeder and a rancher. The alcalde is on
the periphery of the farming network, and is actually on the lower end of connectedness
(degree=4, max=10, min=3). From this comparison it appears that accumulation of power
has been avoided by selecting an alcalde that is neither the village founder nor an
information broker in the labor network.
Crique Sarco is a much older village and the founder is no longer alive. But a
similar pattern can be seen as that in Machakilha. The alcalde is located outside the
farming network; he also is a rancher and does little farming. The most conspicuous
pattern in all four villages is that as villages move from r to K each village’s founder
become less central to the labor exchange networks, and the alcaldeship seems to be
placed upon people who are less well positioned in the network and therefore cannot take
advantage of structural holes to consolidate power.
In addition to the specific location of leadership roles observed in the villages in
this study, it is important to note that the position of the alcalde has historically been
rotated to a different man every year. One of the alcalde’s duties, which I have been told
in interviews is the most difficult part of his job, is to spend as much time as possible in
the village. This obviously limits the extent to which an alcalde participates in reciprocal
labor groups during his tenure (thereby reducing his network centrality), and may limit
him from accumulating any advantages due to his position in the labor exchange network.
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Figure 10.3: Labor network diagrams of four Q’eqchi’ villages. Members of a bicomponents are identified with the same colored node and nodes are labeled with number
so each individual’s structural position can be identified in the text. Cut-points, those
theorized to occupy an important structural position for conveying environmental
information between bi-components, are colored gray. Village leaders are circled.
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It should be noted that Conejo was omitted from Fig. 10.3 because of the failure
to acquire a sufficient household sample that could be used to create a network diagram.
Anecdotally, I am quite certain that the kin group that refused to participate in the survey
constitutes its own cohesive subnetwork, and the cohesive subnetworks detected by the
triad method would almost certainly have been detected by a tetrad if more households
were included. I would have expected two major overlapping cliques connected by one or
more cut-points. The clique analysis of Conejo in Table 2C is somewhat suspect because
of the sampling problems, but the results are what I otherwise would have expected to see
with a complete sample, and therefore are included. Unfortunately, the network diagram
for Conejo did not reflect either its population (Table 2B, number of nodes) or its r-K
position. I should emphasize that I removed Conejo from the analysis not because of its
fit to the adaptive cycle model, but rather because of the failure to acquire a sufficient
sample.
Conclusion
Previous studies of swidden agricultural systems have been stalemated by the
problem of demographic growth and environmental carrying capacity. In lieu of a better
explanation, many outsiders have misinterpreted swidden agricultural systems as
destructive based on several misconceptions or “myths” (Dove, 1983), or on ineffective
land-tenure policy (Alcorn & Toledo, 1998). As far as I am aware, this study is the first to
demonstrate how Q’eqchi’ social networks may adapt to the development of a huamilsecondary forest mosaic that comes to surround a village. Instead of acting as an
centrifugal force moving the primary forest perimeter ever-away from the village center,
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Q’eqchi’ labor exchange networks develop modular sub-networks to increase the
village’s ability to efficiently cultivate the local huamil/secondary forest mosaic that
comes to surround each village. While these sub-networks increase the village’s ability to
search the mosaic for suitable field locations, this kind of network fragmentation could
decrease the diffusion of information about these locations through the village. To
counter this and to encourage efficient exploitation of the mosaic, villages also develop
information brokers who link subnetworks and who facilitate diffusion of information
about the best huamil field locations throughout the whole village.
As labor networks fragment, structural holes begin to develop. These could
potentially allow well-positioned individuals to acquire inordinate amounts of
information and power. If centrality in the labor/information network were to be
combined with the formal leadership duties of the alcalde, it would be quite easy for
hierarchical leadership to evolve. However, Q’eqchi’ villages generally lack stark class or
status differentials. To preserve the adaptive capacity of labor exchange networks, the
alcaldeship appears to be placed upon individuals outside of the core labor exchange
network, and away from the village founders. The alcalde’s leadership duties thus have
come to be quite distinct from his agricultural activities, and from agricultural conflict
resolution in general.
This study contributes to the literature on the adaptive cycle by presetting data
that supports the supposition that the r-K phase of the adaptive cycle may adequately
describe a certain phase of the village life cycle. Future analysis of failed, abandoned, and
reoccupied villages could extend this argument to the release (Ω) to reorganization (α)
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phases. This study was limited to a certain extent by its use of village age as a proxy for
forest fragmentation, and the assumption that primary forest is simpler to explore for
suitable field locations that huamil and secondary forest. As footnoted above, remote
sensing and GPS data were collected during fieldwork that will allow quantification of
forest fragmentation around each village. This will allow for more explicit testing of the
hypothesis that smaller labor groups increase the villages’ spatial learning capacity.
The preceding discussion is not in any way meant to suggest that increased
efficiency of nearby huamil exploitation could enable a village to exist in environmental
equilibrium. Rather, reconfiguring labor exchange networks slows the centrifugal forces
of swidden agriculture and decreases the rate at which people migrate away from the
village. It provides a mechanism for villages to adapt to changing agricultural conditions
without specifying which direction the change will occur. It could be thought of as a
subtle form of agricultural intensification achieved not through the introduction of
agricultural innovations, but through a shift in social organization. While this conclusion
may not change the fundamental dynamics of demographic pressure and the long-term
environmental sustainability of swidden agriculture, it is an important conclusion because
it demonstrates the existence of a dynamic relationship between Q’eqchi’ social structure
and the biophysical properties of the lowland tropical forest.
I will conclude by noting an important implication of this study. If the above
discussion is true, there may be a non-linear relationship between labor network structure,
labor group size, and the huamil mosaic that results over time from agricultural activities.
Consider that the use of large labor groups will yield large forest patches and less overall
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fragmentation in the future, while smaller groups would yield smaller patches and higher
levels of fragmentation. While it is possible that ecological processes introduce enough
noise into the system to override these patch-dynamics over time, examination of remote
sensing imagery suggests a vividly defined huamil mosaic (not shown). Such high levels
of forest fragmentation will place different demands on the labor network configuration
of next-generation farmers, which in turn will alter the patch size dynamics for
subsequent generations. Furthermore, this entire process is dependent on the size of the
initial labor group to colonize the village, which will determine the size of the initial
forest patches. This kind of sensitivity to initial conditions is one of the hallmarks of socalled “complex adaptive systems” (Lansing, 2003). Thus, it is possible that multiple
dynamic equilibriums exist, and that the Q’eqchi’ labor exchange networks have adapted
to be able to reconfigure themselves to an optimal topology to search the huamil mosaic
as it evolves. If this is true, then Q’eqchi’ labor networks and the huamil mosaic are coevolved. The evolution of social mechanisms for maintaining balance in dynamic, nonequilibrium society-nature systems have been noted, for example, among the watertemple networks in Bali where they are demonstrably the most efficient mechanism for
optimizing agricultural production and ecosystem services (Lansing, 2006). While the
overall productivity of swidden agriculture may be more constrained than the Balinese
rice terraces, this study is a first step in recognizing that the social networks that underlie
swidden agricultural communities may have environmentally conservative elements that
remained hidden in previous studies.
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APPENDIX B – CAN SOCIAL NETWORK ANALYSIS CLARIFY THE RESILIENCE
OF Q'EQCHI' MAYA SWIDDEN AGRICULTURE IN SOUTHERN BELIZE?
Abstract
Despite the fact that swidden agriculture has been the subject of decades of
research, questions remain as to whether it is constrained by demographic growth and if it
can adapt to environmental limits. This study use social network analysis to analyze
farmer labor exchange networks within a chronosequence of five Q'eqchi' Maya villages
where swidden agriculture is used. Results suggest that changes in land-use patterns,
network structure, reciprocity rates, and levels of network hierarchy may increase the
system’s resilience to changes in the forest’s agricultural productivity. I analyze the
suitability of subsistence- versus market-oriented agricultural labor for a reciprocal labor
exchange and develop a novel interpretation of labor reciprocity that highlights how
unreciprocated exchanges, when they occur within the context of a network, may limit
overexploitation of the forest. The variability observed in labor exchange network
structure across villages suggests that Q'eqchi' swidden can maintain its identity under
changing conditions – the definition of resilience. This is illustrated using a case study of
one village that suffers a serious demographic exodus without collapsing. The resulting
picture of Q'eqchi' swidden agriculture is one of resilience rather than homeostasis.
Reorganization of labor exchange networks helps to maintain a village’s cohesion, and
ultimately this limits pioneer settlements and may slow overall rates of deforestation.
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Introduction
Traditional views of swidden see it as highly constrained by a linear relationship
between population growth and land use. In contrast, C.S. Holling’s adaptive cycle model
predicts resilience in homeostatic cycling as coupled human-natural systems learn about
fluctuations and adapt to them through time. Holling’s model has been used to explain
how resilience is maintained in systems as diverse as African pastoralism, North
American lake eutrification, and Boreal forest succession. But swidden agriculture has
proven more difficult to model because our understanding of its dynamic properties is
limited. In 1998, Janis Alcorn and Victor Toledo proposed that the adaptive cycle model
fits annual planting practices used by Mayan swidden farmers in Mexico and that the
resilience of these communities could be increased if the national government provided
support for strong community-level property rights (Alcorn & Toledo, 1998). In this
article I discuss whether the adaptive cycle is an appropriate model for swidden
agriculture using data from five Q'eqchi' Maya villages in southern Belize, Central
America. I then explore how dynamic properties of labor exchange networks may
increase the resilience of Q'eqchi' swidden agriculture.
Relatively few studies have examined the adaptive properties of swidden
agricultural systems (Alcorn & Toledo, 1998; Dalle & de Blois, 2006; Robichaud,
Sinclair, Odarkor-Lanquaye & Klinkenberg, 2001). Of these studies, only Alcorn and
Toledo suggest that the adaptive cycle model fits a specific cultural practice. The
adaptive cycle model is one of the foundations of Panarchy theory, which attempts to
explain the nature of resilience in coupled human-natural systems (Gunderson & Holling,
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2002). This perspective is quite different than the typical perceptions of swidden as a
limited homeostatic system. The adaptive cycle is a heuristic part of the theory that
proposes that systems cycle between four key phases: growth (r), conservation (K),
collapse (Ω), and reorganization (α). In any one system there may be multiple adaptive
cycles operating at different temporal and spatial scales, and cross-scale linkages help the
system retain flexibility and increase resilience. But so far, the adaptive cycle has
remained essentially qualitative because we lack general analytical tools to assess
variation in resilience, particularly in social portions of coupled systems. While this level
of abstraction was originally intended to accommodate substantive differences between
human and natural systems, its application to the analysis of real systems such as swidden
agriculture will be enhanced by a more quantitative approach.
The Q'eqchi' Maya of southern Belize use swidden for both subsistence and
market-oriented production, and throughout the colonial period, access to government
land for these purposes has been open and left largely unregulated. In this situation,
common property resource management theory suggests that robust institutions
sometimes develop to protect natural resources from over exploitation (Ostrom, 1990).
Q'eqchi' cosmology embodies key principles of commons management, but empirical
evidence suggests that their hierarchical institutions have little to do with maintaining the
commons. In fact, labor exchanges are the main social process involved with
intensification of swidden agriculture within most villages (Wilk, 1997). These occur
when a farmer asks a group of men to help with a difficult or dangerous agricultural task
such as clearing forest or planting. After the workgroup the farmer is expected to return a
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day of labor to each man who helped him, closing the debt in a form of reciprocal
exchange. The central question of Q'eqchi' swidden agriculture is whether it is simply
limited by carrying capacity, or if it exhibit resilience as predicted by panarchy theory.
The key to answering this question lies within local Q'eqchi' institutions, and in farmers’
labor exchange groups.
In this study, I present the results of a comparative historical analysis of five
Q'eqchi' villages. First, I test the hypothesis that the adaptive cycle model fits an
historical chronosequence of village land-use. If the model fits, then Q'eqchi' swidden is
not simply achieving homeostasis and it raises the possibility that analysis of Q'eqchi'
society might reveal how the Q'eqchi' increase resilience. But how is resilience achieved?
To address this, I review a candidate Q’eqchi’ institution for indications that it has
developed the capacity for robust common property resource management. I then explore
the role of Q’eqchi’ labor groups in environmental learning, adaptation, and awareness of
commons issues, and argue that the question of swidden’s resilience lends itself to
analysis by social network theory. Recently, several authors have argued that social
network analysis offers a rigorous statistical framework from which certain aspects of
resilience can be defined and tested (Bodin et al., 2006; Janssen et al., 2006). Network
connections evolve over time, and the resulting topology provides a flexible matrix on
which social processes occur. A comparative analysis of Q'eqchi' social networks opens
the possibility of exploring the relationship between historical factors, environmental
limits, and the evolving matrix of social relations that maintain resilient systems.
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I formalize normative labor exchange networks within each study village and use
social network statistics to explore the emergence of hierarchical properties, and the
tendency for unreciprocated exchanges to increase in later stages of the village life cycle.
In the context of panarchy theory, resilience is shown to inhere not in any single
institutional feature or custom, but rather in temporal sequences. Changes in the structure
of labor networks through time, and the nature of the exchanges they facilitate bear a
statistical relationship to cycles of forest exploitation. Hierarchical relationships are
embedded within the structure of labor networks and reciprocity appears not to be an
equilibrium state, but rather a contingent process which can, when left out of balance,
prevent overexploitation of the forest commons in lieu of hierarchical, institutional
management.
Background
As most readers of this journal will know, the concept of resilience is defined as a
system’s ability to withstand disturbance without changing into a qualitatively different
state. The question pursued here is whether Q'eqchi' agricultural practices operating in the
short-term may undermine their long-term utility and fail the test of resilience, a view
consistent with widespread negative perceptions of Q'eqchi' agricultural practices as well
as swidden agriculture in general. Globally, it is thought that the sustainability of swidden
agriculture is limited by availability of land and constrained by high population growth
rates. If either of these requirements is violated, deforestation rapidly ensues (Brady,
1996; FAO, 1987). With regard to the Q'eqchi', Scott Atran argued that their agricultural
norms developed in a fertile highland environment, resulting in ecological knowledge and
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social network structures that are mal-adapted to the lowland tropics. He reports higher
levels of deforestation near a Q'eqchi' village than near an Itzá village indigenous to a
lowland environment (Atran et al., 2002). But cross-cultural comparison of land-use
statistics cannot provide insight into a system’s resilience because it does not capture
history or dynamic properties. This is a problem not just with Atran’s study, but also with
studies of swidden agriculture generally, which typically portray it as static, incapable of
adaptation, and ultimately driven by demographic growth.
A more promising approach for analyzing effective management of natural
resources such as the Belizean forests was proposed by noted political scientist Elinor
Ostrom. She suggested that monitoring and enforcement are necessary to maintain longterm sustainability of common resources. Sometimes management is institutional,
organized hierarchically by regional or national polities, but in many robust organizations
monitoring and sanctioning are undertaken by the participants themselves (Ostrom,
1990). Ostrom’s theory is better suited than panarchy theory for analyzing social systems
because it specifies properties that would qualify a social system or institution as
effectively managing its natural resources. But failing to encounter these in a specific
social context then implies that the system is, by definition, ineffective.
There is little historical or ethnographic evidence that Q'eqchi' institutions in the
nineteenth and twentieth centuries had features that would facilitate robust management
of the forest commons, but historical factors might have prevented their development.
The heredity of the alcalde system dates to pre-Hispanic times when an alcalde col was
responsible for managing community lands, but these duties were lost some time after the
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Conquest (Farriss, 1984). In the mid-nineteenth century, the British government adopted
a policy from the Spanish that co-opted traditional Mayan leaders as local government
officials named alcaldes. They were paid a small stipend to manage minor bureaucratic
duties, but the real goal of the policy was to establish better control of remote Indian
villages (Bolland, 1987). During most of the Colonial period up to present, agricultural
monitoring has not been part of the Belizean alcalde’s duties, except for the following: if
a new family wishes to move into a village and farm, they must seek permission from the
alcalde. The alcalde consults the community, and if they agree, it is his duty to acquaint
the new farmer with the location of fallow fields around the village that may still be in
use by another farmer. After this formal introduction to the village and its forest, the new
family is free to farm as necessary. Alcaldes can prevent access to the commons by
limiting the number of families in the village, but they do not monitor the commons on a
day-to-day basis for overuse.
It seems that in manipulating indigenous leadership norms, the British created a
disincentive for forming political institutions or giving natural resource management
responsibilities to existing leaders because this could have exposed the Q'eqchi' to
additional colonial control. After their migration into the tropical lowlands, any social
norms that would help manage the commons must have developed outside of the
alcalde’s legal domain in counter-hegemonic fashion to discourage British exploitation.
Ostrom’s model, unfortunately, does not account for such historical factors and instead
focuses on identifying institutional features that are lacking in southern Belize. Thus, the
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Q'eqchi' appear to be poor environmental stewards and ultimately Ostom’s model
supports widespread negative perceptions of swidden agriculture.
Does this indicate a fundamental limitation of swidden agriculture, or is it a
weakness of the available analytical models? While Ostrom’s theory is suited for
analyzing social systems, it does not easily account for historical factors, or provide a
mechanism for analyzing complex human-environment feedback relationships such as
adaptation and learning. It cannot account for the possibility, for example, that a system
may exist out of equilibrium for a period of time as a necessary stage in the maintenance
of sustainability at a larger timescale. Under the Ostrom model, a system observed in this
state will be classified as ineffective so it appears that in these situations, panarchy theory
would be more appropriate. But neither model actually provides a framework for
quantitative analysis, and thus it is difficult or impossible to assess relative efficacy or
dynamic properties of swidden agriculture. Moving beyond a static analysis will require
investigating the system’ history and dynamical properties within a quantitative
framework. To this end, I assess several questions that explore whether the Q'eqchi'
swidden agriculture is in fact dynamic, and how changes in Q'eqchi' social relations may
increase resilience by altering rates of reciprocity and hierarchy in labor exchange
networks.
The first question challenges the basic assumption that swidden production is
highly constrained and offers farmers few alternatives beyond those dictated by
demographic growth and environmental limits (Q1). I test this by plotting an historical
chronosequence of Q'eqchi' land-use and analyzing where the growth, development, and
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collapse phases of adaptive cycle model fit these patterns; I also assess where it is
inadequate. If the sequence resemble the adaptive cycle, social network theory may
provide a quantitative framework for explaining how the Q'eqchi' maintain the resilience
of the commons without institutional management.
But what is it about a network that might increase resilience? Discussions of
agricultural labor exchange typically give primacy to reciprocity as the basis for its
organization, while hierarchy is rarely mentioned. Yet some have noted that even
relatively “flat” social organizations contain primordial hierarchies (Guetzkow & Simon,
1955). This type of network, which I will refer to as an embedded hierarchy, might
contribute to managing common resources in a way that would largely eliminate the need
for external hierarchical monitoring and, given Belize’s historical context, would have
been virtually invisible to colonial authorities. In light of this, the second question asks
whether Q'eqchi' labor exchange networks are purely reciprocal, or if they contain
elements of hierarchical organization (Q2)?
If hierarchical properties are seen to exist in Q'eqchi' labor networks, a question
arises as to the relationship between hierarchy and resilience. Panarchy theory suggests
that hierarchies become more rigid as systems move out of an exploitation phase and into
one of conservation. In this transition, systems loses resilience because the hierarchies
themselves become rigid and subject to collapse. If the hierarchy or some other part of
the system fails, the whole system may collapse and begin to reorganize. This is known
as the omega-alpha phase of the adaptive cycle. But does this apply to the hypothetical
embedded hierarchies within Q'eqchi' labor exchange networks? Or might this structure
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be an alternative to institutionalized monitoring of the commons that increases the
system’s resilience?
For Ostrom, monitoring and sanctioning are activities undertaken to protect a
common resource understood to be vulnerable to over-exploitation. Violations of the
commons are tolerated only under extreme circumstances, when the violations are
temporary, and when they do not threaten the survival of the commons (Ostrom, 1990).14
This assumes that individuals understand the nature of potential threats to the commons
and act accordingly when they occur. It would follow from Ostrom’s model that
consciousness of the commons is a prerequisite for effective management of the
commons. Traditional Q'eqchi' Maya cosmology does indeed symbolize many of the
aspects of the commons: the Tzuul taq’a, the spirits of the hills and valleys, must be
appeased through ritual activity before any planting, hunting, or gathering (Haste & De
Ceuster, 2001). But our current understanding does not suggest that there any direct
linkages between actual management of the commons and its cosmological framework.15
Simply stated, beliefs and ritual requirements seem to instill awareness in the farmer that
the forest is a finite resource that must be conserved. But perhaps for the Q'eqchi',
“conservation” is neither an individual responsibility nor an institutional mandate (as it is
in a western context), but rather a collective enterprise. How might this work?

14

Ostrom’s complete discussion of graduated sanctioning is pertinent here (Ostrom,
1990). The question that arises is how networks with embedded hierarchies relate to what
she calls “appropriator-monitors”. (I.e., an individual who benefits from a common
resource and at times acts to protect it from overuse.)
15

By way of contrast, the Balinese water temple network is an example of a commons
management system that embodies cosmological principles (Lansing, 2006)
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Q'eqchi' norms related to market-oriented agricultural production suggest a
possible mechanism. Wage labor, not labor exchange, is normally used to cultivate rice or
when clearing land for pasture. Why? Because rice is only grown for the market, it
requires large amounts of land, and it is labor-intensive to plant. The same holds when
preparing land for pasture. Normally, a man asked to plant rice or clear forest for pasture
will refuse unless he is paid for his labor. The pool of potential laborers is limited to men
living in the village so, in refusing to help, a farmer can limit the requestor’s productivity.
Few Q'eqchi' have cash reserves or access to credit, and therefore market-oriented
production can become limited.
The only agricultural tasks for which labor exchange is used relate to corn
production, and corn is primarily a subsistence crop. As long as a farmer is known to
repay his labor obligations, he can organize large groups without any financial
investment. Consequently, the Q'eqchi' should view market-oriented land uses such as
rice and cattle-pasture in a qualitatively different manner than subsistence agriculture.
This non-market category of land-use embodies an ethos that defines acceptable uses of
the forest, and only acceptable uses are suitable for reciprocal labor exchange.
Nevertheless, use of the forest is open to all men in the village, who have autonomy to
use it for either subsistence or market purposes.
Given these constraints, a violation of both the forest commons and of social
norms could occur if someone tried to organize a large labor group to plant an
inordinately large corn field know to be destined for the market. If this happened, those
invited to the labor group might respond as if the farmer was engaged in overt market-
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oriented production by demanding payment or refusing to help, or by subtler methods
such as failing to show up at the appropriate time or, if they owed labor, sending a less
efficient worker (a young son, for example). While avoiding a labor debt may impose
social costs on a farmer, this may be compensated by those who also disapproved of the
violation by increased social status or access to special ritual or agricultural knowledge.16
A single person avoiding a labor group might only decrease productivity by a small
margin, but if several men avoided participating productivity could be significantly
reduced, effectively serving as a sanction to the perceived abuse of the forest commons.
This relationship can be expressed with the following set of causal relations:
If a farmer’s request for help is…
…judged an acceptable use of land ∴ labor is provided ∴ land use increases
…judged an unacceptable use of land ∴ labor is not provided ∴ land use
decreases
Any perceived violation of the commons could trigger one’s labor partners to
avoid providing the requested labor, and perceived violations could include symbolic acts
such as failing to make the proper offerings to the Tzuul taq’a. In this context, public
display of ritual would gain functional significance. But it is the network of labor
relations among farmers that amplifies an individual’s avoidance of a labor exchange into
effective collective action.

16

See Ostrom’s discussion of graduated sanctioning for a discussion of how this might
happen (reference in footnote 1).
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A network perspective on Q'eqchi' labor groups shifts focus from reciprocal
exchange of labor between pairs of farmers to global effects on a network of labor
relations. A network that leverages reciprocity to accomplish work can also limit work
when exchanges are unrequited. The social norm for labor reciprocity among the Q'eqchi'
may create dependencies that functionally limits the productivity of individuals perceived
as violating the commons. Although socially costly, avoidance of labor obligations could
be an efficient way to enforce commons management without institutional hierarchies or
external monitoring. One way to test this hypothesis is by measuring levels of reciprocity
in each village labor network. If these rates decrease in older villages where land is
degraded, it would indicate that rates of informal sanctioning might have increased in
order to preserve the productivity of the commons (Q3).
Methods
The study was carried out in the Toledo District, Belize, Central America (Figure
1). Here, the wet tropical rainforest that covers most of the District is remarkably well
preserved given that it has been subject to repeated phases of exploitation over hundreds
of years by colonial loggers and other extraction enterprises. The current Maya
population in southern Belize has almost entirely migrated in from Guatemala over the
past 175 years. Today there are 43 villages ranging in size from eight households up to
several hundred.
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Figure 1: The study site. The red line indicates the Belize/Guatemala border. Pink areas
west and south of the Guatemalan border indicate significant deforestation.
The five villages included in the study were chosen because they are spatially
contiguous and they represent a range of settlement dates from 1910 to 2005. The date of
settlement is used to order the villages from youngest to oldest, and as a proxy for the age
and extent of a secondary forest mosaic of active and fallow agricultural fields that
develops over time as the result of swidden agriculture. In 2007-8, a household-level
social network survey was conducted in each village. Initially, a household census was
completed and significant effort was made to interview the principal farmer in each
household. A total of 127 surveys were conducted, yielding an overall sampling rate of
84% (Table 1). Each head of household (almost always the principal farmer) was asked
the following hypothetical question: “If you needed ten men to help you chop or plant a
field, who would you ask?” From this list of names, directed networks were generated for
each village.17

17

Networks are directed in the sense that arcs point from the farmer being interviewed
toward each alter he would ask to participate in his labor group.
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Table 1: Study villages, sampling, subsistence activity, and settlement dates.

Village

Surveyed
Households

Total No.
Households
(Census)

Sampling
Percent

Year
founded

Subsistence
Farmers

Lucky Strike

8

10

80%

2004

7 (88%)

Graham Creek 2009

16

16

100%

1998

-

Graham Creek 2008

17

17

100%

1998

17 (100%)

Machakilha

20

22

91%

1987

17 (85%)

Conejo

19

30

63%

1912

17 (89%)

Crique Sarco

47

56

84%

1910

26 (55%)

During a visit to Graham Creek in 2008, I encountered a unique opportunity to
record how a demographic shock affected the structure of the village’s labor exchange
network. Months earlier I had completed the initial survey and during my return I learned
that eight households, nearly half the village, had recently departed because of a
disagreement over a corn mill. I designed and conducted a brief follow-up survey in the
winter of 2009 to record the effect this exodus had on the structure of the village’s labor
exchange network.
Results
Does the adaptive cycle model fit Q'eqchi' land-use patterns?
The most direct way to assess whether Q'eqchi' swidden agriculture fits the
adaptive cycle model is to look at historical land use patterns. According to descriptions
of the r-K phase, one would expect to see increasing rates of forest use followed by a
period of reduced use. Figure 2 plots the average reported field size in each village,
including Graham Creek before and after the split. Villages are arranged left to right in
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order of increasing age to highlight how average field sizes change after initial
settlement. Rates of exploitation increase for at least twenty-five years (the age of
Machakilha), after which they decrease. Based on these data, the Q'eqchi' land-use
patterns appears to fit the r-K phase of the adaptive cycle. Graham Creek 2009 results are
discussed below in a case study of the omega-alpha phase.

Figure 2: Average field size.
A one-way ANOVA confirmed that differences in between-village field sizes
were statistically significant in the three younger villages, Lucky Strike, Graham Creek
and Machakilha (Table 1). This suggests that each village was farming at a different rate,
and should appear at a different location in the r-K phase. The lack of significant
difference between Crique Sarco and Conejo can be explained by the similar age of the
villages, both having been inhabited for nearly 100 years. The mosaics around these
villages are equally well developed and relatively stable, rates of exploitation are similar,
and thus better characterized by a K phase. Overall, these results suggest that Q'eqchi'
swidden agriculture maintains its identity under a range of environmental conditions and
therefore is resilient to changes in the state of the secondary forest mosaic. But are these
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results evidence for resilience, or do they simply support the notion that that Q'eqchi'
villages over-exploit the forest and quickly reach ecological carrying capacity?
Table 1: ANOVA Post Hoc multiple comparisons analysis of field sizes showing the
significance of between-village differences.
Lucky
Strike

Graham
Creek 2008

Graham
Creek 2009

Machakilha

Crique
Sarco

Lucky Strike
Graham Creek 2008

*0.000

Graham Creek 2009

*0.000

0.377

Machakilha

*0.000

*0.000

*0.026

Crique Sarco

**0.085

*0.000

*0.000

*0.000

Conejo

**0.051

*0.000

*0.001

*0.000

0.620

* Significant at 0.05
** Significant at 0.10
Labor group functions and dynamics
Richard Wilk notes that labor groups are more than just work; they are important
arenas of social interaction: “Working in a group always leads to joking, laughter, gossip,
verbal and physical play, and all kinds of learning. Men get to see each other's fields and
check the progress of crops. The fun is balanced by the solemn quiet ritual of sharing a
meal afterward, when religion brings the group together” (Wilk, 1997). My own
experiences participating in labor exchange groups supports this sentiment, but to better
understand the functional role of labor groups, the survey asked if farmers talk with
others when deciding where to plant their fields. Overall, 64% reported talking to others
about where to locate their field, while 36% report that they do not. As Wilk suspected,
labor groups are about more than just work: they are important opportunities for
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environmental learning, and this information is used as a farmer plans his own
agricultural activities.
But might the organization of labor groups serve a functional role in the
maintenance of resilience? To answer this, farmers were asked to recall the number of
men they recruited to participate in their most recent labor group (Figure 3). Graham
Creek and Machakilha, both young villages, have larger groups on average than either
Conejo or Crique Sarco, which are much older villages. In the figure, larger standard
deviation values occur when a wide distribution of labor group sizes are reported, while
small values occur when group sizes are more consistent. Given this, there are three
particularly interesting features: first, average group size in Machakilha is smaller than
Graham Creek; second, Machakilha has a much larger standard deviation than Graham
Creek; and third, the size of the smaller groups used in Machakilha appear to be similar
in size to Conejo and Crique Sarco. Intriguingly, Machakilha is just eleven years older
than Graham Creek, yet it appears to be moving towards the distribution of smaller group
sizes seen more commonly in the older K phase villages.

Figure 3: Average reported labor groups size and standard deviation.
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This analysis of labor exchange group size appears to capture Machakilha
transitioning from r to K, and this provides insight into how labor exchange networks
adapt to the development of a secondary forest mosaic: they use smaller labor groups and
cultivate smaller fields. Counter-intuitively, this contradicts the logic of carrying
capacity. As villages age, agricultural activities convert primary forest into less
productive secondary forest. Under the assumptions of carrying capacity, one would
expect to see either migration or the use of larger labor groups and larger fields to
compensate for declining productivity. Instead we see decreasing field sizes and smaller
labor groups.
What would explain these changes? Ecologists have suggested that there is an
evolutionary tradeoff between fitness and resource quality. Perhaps labor exchange
networks provide flexibility to adjust group size and help the Q'eqchi' avoid some of the
reduced fitness effects that might otherwise result from farming in degraded secondary
forests. One problem they might encounter is difficulty finding fertile areas because
farming in secondary forest is more dependent on underlying soil quality. Farming in
primary forest is easier because burning large old-growth trees releases substantial pulses
of nutrients that sustain plant growth, while compensating for local deficiencies in
geologic parent materials or topography. When burning secondary forest the nutrient
pulses are limited and therefore it is more important to find high quality soils to cultivate.
These pockets of soil occur at a smaller spatial scale (i.e., in small patches) and may
account for the smaller size of labor groups used in older villages. If so, it may be

142

because many small labor groups are more efficient than a few large groups when
searching a degraded and patchy secondary forest mosaic for the highest quality soils.
Farmers’ perceptions of differences in resource quality may substantiate the
primary forest versus secondary forest dichotomy. Farmers were asked, “Which is more
important? Primary forest, secondary forest, or are they equally important?” Their
responses were surprising: 74% of those who reported farming as their most important
form of subsistence thought secondary forest was as important as primary forest. Of those
who relied on other livelihoods such as woodcarving, a pension, or a salary, 68% thought
primary forest was a more important resource. This pattern suggests that subsistence
farmers highly value secondary forest even though its agricultural productivity is
diminished.
As Wilk notes, Q'eqchi' labor exchange groups are an important site of social
interaction and learning, but they also appear to enable adaptation in a dynamic humannatural environment. It has been shown here that historical land use patterns among the
Q'eqchi' ostensibly fit the adaptive cycle model. Analysis of historical changes in labor
group size suggests that adaptation is taking place, and that smaller labor groups correlate
with older secondary forest mosaics. A candidate hypothesis has been proposed that
could explain this correlation: smaller labor groups are more effective at searching the
secondary forest mosaic for the best field locations.18 The dichotomy between the
perceived agricultural potential of primary and secondary forest has been tested with
survey data, and it appears that secondary forest is as important an agricultural resource
18

This hypothesis will be explored in future work.
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as primary forest to subsistence farmers. Survey results also show that environmental
knowledge is learned and shared as Q'eqchi' farmers consult with each other about
suitable field locations.
Overall, Q'eqchi' swidden agriculture exhibits the capacity to learn, to spread
agriculturally important information, and to adapt to changes in the local environment.
Learning and information dissemination are important because they allow people to
monitor the environmental response to human activity and effectively react to changes.
Learning and adaptation work together to constitute a feedback mechanism that helps to
maintain resilience.
Network reciprocity
Q'eqchi' swidden agriculture appears to increase resilience by encouraging
learning and adaptation. As of yet, however, we have not resolved whether network
properties can substitute for institutional monitoring of the forest commons. To explore
this question, labor exchange networks from each village were analyzed for indications of
reciprocity and hierarchy. Several other social network statistics have been suggested for
analyzing resilience in coupled human-natural systems (Bodin et al., 2006; Janssen et al.,
2006). Here I focus on the concepts of reciprocity and hierarchy because they related to
existing theories that suggest that Q'eqchi' labor exchange is a non-hierarchical exchange
requiring equal trade of labor between two farmers.19 Based on this, one would expect

19

Another reason is that simple network statistics such as density and degree are
dependent on the number of nodes present in each network. It is central to the main
argument to make cross-village comparisons even though the villages have different
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high levels of reciprocity and little hierarchy. Evidence either of differences in reciprocity
between villages or of embedded hierarchies might suggest that Q'eqchi' labor exchange
networks are more complex than previously thought, while systematic differences might
suggest that they have regulatory properties. A possible function, hypothesized earlier, is
that increasing levels of unreciprocated labor debts could limit the productivity of farmers
perceived as violating the forest commons. Combined with embedded hierarchies, these
network properties might provide an effective alternative to institutional monitoring of
the forest commons.
The frequency with which labor debts are repaid was calculated using the hybrid
reciprocity statistic (Table 1a)20. Many social network theorists believe that social
reciprocity is an equilibrium state, and that unreciprocated ties are unstable. My own
interviews with Q'eqchi' farmers confirmed that social fissures may arise from failing to
return a labor debt, so this measurement seems appropriate in assessing overall levels of
reciprocity. Lucky Strike has the highest level of reciprocity, Machakilha the lowest, and
Crique Sarco and Conejo are in the middle. Addressing my earlier question (Q3), labor
exchange reciprocity is seen more frequent early in the village lifecycle, but drops as
villages age. There is a slight increase in reciprocity in the older villages, but not back to
rates observed in the young villages.

populations. I discuss the methodological issue off cross-network comparison in more
detail in a related publication (Downey, Sean S., n.d.).
20

Hybrid reciprocity is the percentage of reciprocated dyadic ties in each network, as
calculated with Ucinet6.
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Table 2: Measurements of reciprocity and social hierarchy in Q'eqchi' labor exchange
networks. All statistics are measured on a 0-1 scale.
a. Hybrid reciprocity

b. Hierarchy

c. Efficiency

d. Connectedness

Lucky Strike

0.4231

0.0000

0.0952

1

Graham Creek 2008

0.2179

0.6897

0.4833

1

Graham Creek 2009

0.3804

0.5000

0.2667

1

Machakilha

0.1733

0.6333

0.6275

1

Conejo

0.2647

0.6757

0.8190

1

Crique Sarco

0.2466

0.2081

0.8202

1

Network hierarchy
Avoiding oppression from British colonial authorities may have discouraged the
Q'eqchi' from vesting alcaldes – their normative “hierarchical” leadership institution –
with responsibility for monitoring the forest commons. But is it possible that hierarchical
properties could also be embedded in the structure of Q'eqchi' labor exchange
networks?21 The question explored in this section asks whether Q'eqchi' labor exchange
networks exhibit any hierarchical properties. If evidence can be found, it would suggest
that Q'eqchi' labor networks might help manage the commons, even if embedded
hierarchies function differently than institutional hierarchies.
In 1955, Harold Guetzkow proposed that primordial hierarchies exist within
social systems without being formalized or socially indexed (Guetzkow & Simon, 1955).
Forty years later an idealized model of social hierarchy for directed networks was
proposed (Krackhardt, 1994). This model is shown in Figure 3A where all individuals
except for the leader (node A) receive a single connection. This represents the idea that
each worker in a prototypical hierarchy would report to a single boss. Figure 3B simply
21
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illustrates how an idealized hierarchy can be preserved even when individuals supervise
multiple subordinates. Using this simple model, the network hierarchy statistic assesses
how well networks are structured with regard to asymmetric, directed relationships. In
idealized hierarchies, subordinates should always work through their immediate superior
to access high-level individuals and not make connections across the hierarchy. Another
statistic, network efficiency, measures this property and is inversely related to the
presence of superfluous connections beyond those necessary to maintain its structure.
Social connections are costly to maintain, and therefore any connection in excess of the
minimum are considered in a strict sense, inefficient. For example, in Figure 3b, it would
be unnecessary for E to be connected to both B and C (not shown). The presence of both
connections would not violate the command structure of the hierarchy, but it is not
technically necessary. On the other hand, individual B must be connected to A, so perfect
hierarchy will always have one fewer connections than the total number of individuals.
Any less than this and the network would decompose into two separate components. This
final concept is represented by the connectedness statistic.

Figure 3: A model of social hierarchy (Krackhardt, 1994).
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Each labor exchange network was compared to Krackhardt’s hierarchy model and
deviations were measured (Table 2b-d)22. Leaving the Graham Creek follow-up survey
aside for the moment, we see that Machakilha, Graham Creek (during the initial visit),
and Conejo have high hierarchy. The lack of hierarchy in Lucky Strike is undoubtedly
related to the high levels of reciprocity in that village, but it is unclear why hierarchy is
low in Crique Sarco. Overall, these results indicate that Q'eqchi' labor exchange networks
do exhibit embedded hierarchical properties, although the low level in Crique Sarco
makes it difficult to infer how this might change through time. In the next section
hierarchy rates in Graham Creek are compared before and after the split and will provide
more conclusive results.
Ethnographic evidence for hierarchical relations among the Q'eqchi' has primarily
been observed in the unequal power relations that exist between male lineage heads
(village elders), their sons and sons-in-law (who usually live nearby forming a
“household cluster”), and independent households also living in the village (Wilk,
1997).23 In this hierarchy of relations, village elders are the most powerful; they exchange
the least labor with men outside their “cluster” of able-bodied kin, while maintaining the
highest productivity level. In each established Q'eqchi' village there are multiple
22
23

Generated with Ucinet6, Krackhardt GTD method.

Working with Maale swidden cultivators in Ethiopia, Donham observed that Mol’o
labor, (roughly equivalent in form to Q'eqchi' groups labor exchange) actually had formal
leadership roles, including “kings,” “queen-mothers,” “'chiefs,” and “outcastes”
(Donham, 1999:147). Each role takes its name after the organizational and symbolic
structure of nineteenth century Maale kingdoms, and effective Mol’o was thought to
depend on this hierarchy of roles working properly. Similar to Q'eqchi' labor groups,
multiple Mol’o exist in each village, so while perfect hierarchy is unlikely to fit an entire
village, it would be expected that multiple nested hierarchies would exist within a village.
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household clusters, each constituting a nominal hierarchy. I encountered a practical
function of this hierarchical pattern of labor relations during fieldwork when I observed a
farmer ask his son to organize several men (including myself) for a labor exchange to
plant his cornfield. Using Figure 1 as an example, farmer A asked B to organize a labor
group. B then asks D and E to help plant A’s field.
Within labor exchange networks reciprocity’s antipode (refusing to help), is the
equivalent of sanctioning a commons violation, so embedded hierarchies do not have to
perform this function as they do in an institutional context. But they do serve another
important purpose by maintaining the connectedness of the network. Every network
analyzed contains a single component, and the highest possible connectedness score
(Table 2d). This is because hierarchy provides a framework that can “reach through” and
bind together networks of reciprocated and unreciprocated relations. In other words,
hierarchy in Q'eqchi' labor exchange networks balances the entropic effects of a network
just based on dyadic ties.
As defined above, perfectly efficient networks will have one less connection than
the total number of individuals in the network, and evidence suggests that there is
incentive for Q'eqchi' farmers to have efficient labor exchange networks. This is because
a labor groups requires a significant material investment in ingredients for the proscribed
meal before and after work, and for the ritually required incense and offerings. Using a
labor group is also a substantial time commitment into the future, when the farmer will
have to fulfill his labor debt with each man he asked to help him. Obviously, farmers try
to keep labor group size as small as possible in order to minimize these costs. Given this,
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the definition of network efficiency statistic should apply to labor exchange networks
(Table 2c). Networks in Crique Sarco and Conejo are more efficient than those in
Graham Creek and Machakilha , and Lucky Strike’s is completely inefficient due to
redundant connections. The network efficiency statistic shows a clear pattern where
hierarchies begin with many redundant connections and become more efficient through
time.
The topology of any given Q'eqchi' labor network is an emergent property of
dyadic relationships between farmers. To test whether network efficiency is related to
village age, linear and logarithmic models were fitted to a plot of settlement age and
network efficiency. The linear model was not statistically significant, but the logarithmic
model has a R2 value of .84 (Figure 4). The logarithm probably fit because of the
exponential increase in the number of possible connections between farmers as a village
adds households. In other words, it becomes increasingly difficult for farmers to maintain
the village as a completely connected network as more people are added. Yet the farmers
appear to try to do this by removing excess connections in the manner implied by the
efficiency statistic. This very well may reflect a collective and perhaps unconscious effort
by all farmers in a village to maintain their network as a single component by decreasing
redundant connections between farmers.
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Figure 4: Linear and logarithmic curves fit to network efficiency statistic.
Graham Creek village: A case-study of the omega-alpha phase
The preceding analysis suggests that reciprocity and hierarchy are adaptive
properties in the evolution of Q'eqchi' labor exchange networks, but it does not show
whether network structures increase the system’s resilience. One way to test resilience is
by examining how a system responds to an unexpected perturbation or shock. The
adaptive cycle model predicts that systems become more vulnerable to collapse as they
move from exploitation to conservation because structural relationships, networks, and
hierarchies become rigid and unresponsive. If collapse occurs, the system reorganizes and
renews itself during the omega-alpha phase. In 2008, Graham Greek village received a
shock that could have triggered a structural collapse and an omega-alpha phase.
Early that year, the village’s residents decided that they needed a diesel-powered
corn mill. They agreed to find one and operate it as a low-cost cooperative. Acting on
behalf of his village, a man approached the Guatemalan government and requested a mill
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on behalf of the village. His request was granted and without telling anyone, he brought
the mill to a safe location near the village but on the Guatemalan side of the border. He
then called a community meeting and proposed to run the mill as a private enterprise,
rather than a cooperative. When the village collectively denied his request, instead of
acquiescing, he took the mill to another village where he began to run it privately. His
entire extended family moved with him to take advantage of the economic opportunity it
provided. The exodus nearly halved the village’s population and the leader of the village
quickly set about recruiting new families. Within a year from the exodus, the village’s
population had returned to its previous level.
This incident provides an opportunity to examine how a demographic shock
affected the village’s land use patterns and labor exchange network. There is no
significant difference in field size before or after the exodus from Graham Greek (Table
1). At both points in time the mosaic was in largely the same state, was equally
productive, and could be farmed in a similar manner (i.e., as would be appropriate during
an r phase). After emigration, there was speculation that the village might not be viable,
given its diminished population and remote location. But its quick repopulation enabled
the village to even exceed the average reported field size before the exodus (Figure 2).
This was perhaps due the enthusiasm of the new farmers, but in any case indicates that
the village ultimately remained in an exploitation phase. Network statistics indicate that
overall levels of reciprocity increased, while hierarchy and efficiency decreased after the
families left and the village was subsequently repopulated (Table 2).
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How do these results compare to the predictions of the adaptive cycle model?
When I first heard that these families left the village, I considered it an opportunity to
learn about the poorly understood omega-alpha phase of the adaptive cycle. The haste
with which the leader recruited new families, and the rumors of its pending abandonment
suggests that this village could easily have collapsed into an uninhabited state. A
historical pattern of village abandonment in the Toledo District supported the notion that
this would not be an exceptional occurrence (Wilk, 1997). But Graham Creek did not
collapse, did not enter an omega – alpha phase, and in fact quickly returned and even
exceed to pre-emigration production levels. In part, this was facilitated by the leader’s
quick recruitment efforts. But more important, I believe, were the social norms related to
Q'eqchi' labor exchange networks which do not require institutional organization for the
network to operate efficiently. The new families already knew the rules and obligations
required for participation in these networks, and the village was able to quickly
incorporate the new farmers. The concomitant changes in network structure show how
this happened: farmers increased rates of reciprocity and decreased hierarchy and
efficiency.
Yet the question remains: how do Q'eqchi' labor networks relate to the resilience
of Q'eqchi' swidden agriculture? Based on the Graham Creek case alone, it would appear
that the village never actually entered omega-alpha phase. The flexibility inherent in
labor networks was such that they prevented collapse. From this perspective, labor
networks appear very resilient, perhaps so much so that the forest now suffers from
increased exploitation. But resilience can only understood as a property of temporal

153

sequences and from this perspective, I would predict that Graham Creek will eventually
settle into more limited use of a secondary forest mosaic using the same set of social
norms, and only slightly reconfigured labor exchange networks.
Conclusion
Swidden agriculture has been the subject of much debate. Questions remain as to
whether it is constrained by demographic growth, and if it adapts to environmental limits.
It is frequently argued that swidden is prone to causing widespread deforestation when
population growth triggers increased exploitation. Analysis of five Q'eqchi' communities
demonstrate the need for a more nuanced analysis.
In one case, Graham Creek, forest exploitation increased linearly with pop
growth, supporting the idea that Q'eqchi' swidden agriculture quickly exploits its local
natural resources during a highly productive r phase. But when compared to older
villages, the levels of reciprocity that support exploitation decrease. Labor networks in
older villages exhibit higher levels of hierarchy and efficiency, and both fields and labor
groups are smaller. This may be explained by the role of labor networks in shaping
awareness of the commons. Labor networks not only increase a farmer’s ability to
coordinate large labor groups during exploitation; they also enhance learning and
adaptation to an ecologically complex secondary forest mosaic. In particular, a large
number of smaller labor groups may be more effective at searching in the secondary
forest mosaic for high-quality but patchy soil resources, than a small number of large
groups would be.
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I have proposed a novel interpretation of reciprocity in Q'eqchi' labor exchange
networks in which farmers avoid labor obligations to marginally reduce the productivity
of someone who is perceived as violating the forest commons. In a network context, this
amplifies a single farmer’s subtle avoidance of a labor obligation into a collective action
that serves as an effective corporate sanction of commons violations. This can only occur
if the village’s labor exchange network remains connected, so hierarchies develop in
older villages to help maintain connectedness. This mechanism is proposed as an
alternative to institutional management of common property resources, and to explain
why Q'eqchi' alcaldes do not actively monitor the commons.
From the perspective of panarchy theory, the evidence suggests that Q'eqchi'
swidden agriculture is a resilient system that can operate under a variety of different
configurations. Productivity can be maintained at a high level when resources are
plentiful and continue at this level even when the system is shocked, as indicated by the
Graham Creek corn mill incident. Further, the same social relations that sustain swidden
agriculture can also reconfigure when farming in secondary forest. This emphasizes
effective searching in a patchy environment rather than maintaining high levels of
productivity. Conservation is encouraged not by developing fragile institutional
hierarchies, but rather by using the connective properties of networks to protect common
resources. Social network analysis has allowed quantification of these differences in
network structure between the exploitation and conservation phases.
Discussions of labor exchange typically implicate reciprocity as a key social
process, but quantitative social network analysis shows that reciprocity cuts two ways.
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Increasing reciprocity can increase production, while decreasing it can also help protect
resources from overuse. Hierarchy – a social structure not typically discussed in the
context of labor exchange – helps maintain network connectedness. Labor exchange is at
the center of Q'eqchi' swidden agriculture not only because it can help farmers organize a
large labor force, but because it increases the resilience of the entire system. This can be
understood by examining differences in network properties in a chronosequence of
village networks. But when viewed in this manner, it becomes clear that these labor
exchange networks actually discourage farmers from quickly moving away from
established villages. Rather, they help villages withstand the shock of reorganization, and
over time will help farmers conserve productivity in the secondary forest mosaic.
Ultimately, this limits pioneer settlements in pristine areas and may slow overall rates of
deforestation.
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APPENDIX C - A MICRO-DEMOGRAPHIC ANALYSIS OF Q'EQCHI' SWIDDEN
AGRICULTURE AND MIGRATION HISTORY IN SOUTHERN BELIZE
Introduction
In 1975, Steve Brush convincingly argued that it was inappropriate to formally
model swidden agricultural systems using carrying capacity equations (Brush, 1975), and
in subsequent years, most anthropological research has focused on understanding how
swidden societies relate to exogenous forces and in particular the global economy
(Cliggett, 2001; Dove, 1983). The political ecological approach has provided important
insights into the effects land privatization, markets, and global population growth on
swidden cultivators, but our basic understanding of how swidden operates is basically
unchanged. During this same period there has been a growing appreciation that people
who live in close contact with natural environments develop sophisticated environmental
knowledge and adapted social practices (Berkes & Folke, 2002). Yet it remains unclear
how swidden integrates with market forces, the effects this may have on landscapes over
the long term, and whether these effects are mediated by the kinds local ecological
knowledge and practices described by Berkes and Folke. This study examines this
question by analyzing the history of a group of Q'eqchi' Maya villages where swidden is
used in Southern Belize.
Swidden involves cultivating a field out of a natural forest for one or more years
and then fallowing it while natural processes rejuvenate the field to the point where crops
can be grown again. Swidden farmers typically use simple technologies like axes and
machetes, and prevailing thought suggest that a tight coupling between local
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demographics, land-use, and subsistence causes demographic growth to be constrained by
environmental productivity, which can potentially subject populations to demographic
collapse (Malthus, 1798/1826). Alternatively, demographic growth is sometimes
accompanied by technological innovation that can increase productivity and sustain
higher populations (Boserup, 1965), but in delicate tropical ecosystems this frequently
causes deforestation. Given that Malthusian collapse and massive deforestation are both
somewhat disturbing consequences to swidden, it is hardly surprising that this form of
agriculture is now widely maligned. But more important than its public perception, is the
fact that neither Boserup nor the political ecological approach to swidden has provided an
alternative model to the concept of carrying capacity, which underlies Malthus’ original
theory. In expanding the scope of swidden to include technological innovations or market
interactions, the banal, but fundamental, swidden stages – clearing, burning, planting,
harvesting and fallowing – still remain constrained by the concept borrowed from
ecology that a species’ population is determined by the productivity of the land to sustain
them (Odum, 1959). In other words, Boserup implicitly assumes that, save for
technological innovation, demographic growth in swidden societies is environmentally
constrained; similarly, political ecology highlights the importance of markets in swidden
societies, but has little to say about what would happen in their absence. Thus, it appears
that our basic understanding of “how swidden works”, as Clifford Geertz wrote in the
introduction to Agricultural Involution, has improved little since Conklin’s and
Rappaport’s pioneering studies with the Hanunóo and Tsembaga in the 1960s (Conklin,
1957; Rappaport, 1967b).
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The reason for this slow pace of progress lies in the fact that a dichotomy between
circumscribed endogenous population growth and exogenous market forces (growth and
technology, in the case of Boserup) is simply an inadequate description of swidden
because it does not account for the flexibility and creativeness that Brush also cites as
important reasons why the carrying capacity model should not apply to human societies.
Oversimplifying human behavior in this way portrays swidden societies as passive and
environmentally naïve. So it is insufficient to simply burn the carrying capacity “straw
man” by highlighting the role of exogenous technological and political factors in swidden
societies; instead, somehow the capacity and creativity of swidden must also be assessed
in relation to these other factors. Ultimately, this will require a new model of swidden
agriculture that highlights flexibility and adaptability rather than environmental
limitations. One approach focuses on how swidden labor exchange networks co-evolve
with the development of fallow field and secondary forest mosaic around Q'eqchi'
villages (Downey, in press), and another examines environmental leadership in Q’eqchi
communities (Downey, Sean S., n.d.). The purpose of the current study is not to develop
a new swidden model, but rather to analyze the actual history of these Q'eqchi'
communities from a political ecological perspective, and then to apply an existing model,
catchment analysis, to Q'eqchi' swidden, to disentangle the dichotomy between
demographic growth markets in the region’s land-use history.
To do this, the study takes a historical perspective to analyzing several Q'eqchi'
Maya communities where swidden is used in southern Belize. The approach involves
several steps. First, the historical relationships between villages in the study area are
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reviewed in narrative form and each is classified qualitatively as being settled because its
parent village had, based on available data, begun to exhibit characteristics of reaching
carrying capacity. While this step is framed around the “carrying capacity straw man,” it
is only a heuristic device for analyzing oral history and archival data for evidence of its
human population having approached some kind of ecological limit, and driving the
formation of a new village. In the process, it will become clear that ecological carrying
capacity is rarely the proximate cause for village resettlement. Next, the results of a
“catchment analysis” are presented. This estimates changes through time in the
relationship between the region’s population and arable land. Unlike carrying capacity, it
does not predict an ecologically sustainable “equilibrium” level of swidden production,
but it can suggest whether environmental limits have driven village resettlement by
calculating the per capita land proportion of land available for swidden. Ecological
carrying capacity is proposed as a null hypothesis and tested by comparing villagefounding dates from the historical narrative to person/land rations through time. Under
the carrying capacity model, resettlement events should roughly correlate with decreasing
man/land ratios; alternatively, if exogenous factors drove resettlement, decreasing
man/land ratios would be uncorrelated with settlement events. Results from the
catchment analysis corroborate qualitative classification of the narrative history and
support the idea that carrying capacity has not been the major factor driving historical
resettlement in southern Belize.
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Background
The study was conducted in the Toledo District in southern Belize. Throughout
the entire district there are forty-two Maya villages with populations ranging from
seventy to nearly 1000, and with a mean population of 283 (Toledo Maya Cultural
Council, 1997). Villages are small, most are far from the market town Punta Gorda, and
accessible only by rough dirt roads that periodically flood during the rainy season. In
2008, there were two villages accessible only by river or footpaths, although this was
much more common just fifteen years ago. Twelve villages, including the two just
mentioned, were chosen for this study because of geographical proximity and
genealogical relationships, having all descended from Dolores, the oldest village in the
southern half of the district (Figure 1).
The Belizean Q'eqchi' are fairly well know culturally and ethnographically
(Grandia, 2004; Rambo, 1962; Schackt, 1986; Thompson, 1977; Wilk, 1997; Wright &
others, 1959), and the broad sweep of historical factors affecting them have also been
studied (Bolland, 1987; Thompson, 1930; Wilk, 1997). Archaeological evidence
indicates a Maya presence in what is now the Toledo District from about BP 4000
through approximately BP 1500. And there is now a general consensus among Q'eqchi'
scholars of a poorly documented but continuous Chol Maya presence after the Spanish
reductions, initiated in 1603, removed most of the indigenous population from the region
(Thompson, 1938). Nevertheless, most Q'eqchi' cultural characteristics are thought to
date to the post-conquest period (Wilk, 1997), and many are surprised to learn that up
until the reinstatement of mandamiento laws in 1871, the Q'eqchi' were involved in
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surplus production for the market economy, especially in coffee. These laws allowed the
Guatemalan government to confiscate untitled Indian land in Alta Verapaz and were
designed to provide a labor force for foreign producers, and in particular those from
Germany (Wilk 1997:50). This process of land and labor appropriation forced many
Q'eqchi' to abandon market-oriented surplus production and embrace subsistence-level
swidden agriculture and drove many to flee from the highlands to more remote areas of
the Petén and southern Belize.
In a well-regarded ethnography, Richard Wilk suggests that in Q'eqchi'
households actively weigh subsistence agriculture against market engagement (Wilk,
1997). He claims that this strategy developed over the course of the colonial period as
repeated cycles of material extraction were followed periods of neglect. The German
coffee plantation example just cited is but one example. In response to these cyclic
incursions, Q'eqchi' households learned to engage with European markets and then to
disengage when cash-earning opportunities were no longer available. Swidden cultivation
was a critical part of this strategy because it provided subsistence in the absence of wage
opportunities and therefore decreased the household’s long-term reliance on markets. But
when jobs were available, levels of swidden cultivation can easily be reduced without
harming future productivity. From this perspective, it is possible that some level of
market engagement could actually increase the sustainability of swidden agriculture.
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Figure 1: Southern Toledo District, Belize. Places mentioned in the text are highlighted in
red. A red line indicates the international border with Guatemala. The administrative and
commercial center of the district, Punta Gorda, is northeast of Boom Creek but does not
appear on this map. San Miguel village is also farther to the north.
Approach
The historical narrative to be presented here is based on interviews and a baptism
register maintained by the local catholic parish. Oral history interviews were conducted
by the author expressly for this study during fieldwork in 2007-8. Interviews were
conducted and recorded variously in Q’eqchi’ Mayan, English, and Spanish and at times
a translator was used. The audio recordings were subsequently translated, transcribed,
and coded. The baptism register used to reconstruct the village micro-demography was
collected and stored by St. Peter Claver Catholic Parish, located in Punta Gorda. The
parish was established in 1862 by Fr. John Genon S.J. to serve the needs of Catholics in
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the Toledo District and throughout the 19th and 20th centuries parish priests traveled to the
remote villages to hold mass, conduct marriages, and baptisms. To my knowledge, the
parish’s archives are the most complete record of the micro-demographic history of the
Belizean Q'eqchi'. Record keeping began with the founding of the parish and continues
through present. Records become consistent and clear for the southern villages by 1905
and it is from this point onwards that they are used.
The interview data, baptism records, archival and published sources are used to
reconstruct the settlement history of the southern part of Toledo. Each village is classified
qualitatively as exhibiting evidence of having reached some kind of environmental limit
or ecological carrying capacity. Only first-order factors are considered when making this
determination, and it is made when there are reports of poor soil conditions or
unproductive crops, or if there is a direct conflict between Q'eqchi' farmers from separate
villages over access to farmland, as this is an indication that demographic growth was
putting pressure on available land resources. Privatizing government land and the
resulting decrease in availability of farmland is considered to be a market factor. The
settlement history illustrates the importance of historical market incursions into Toledo,
and is consistent with the political ecological approach to swidden. In the second part of
the paper, a catchment analysis is used to separate swidden-subsidized, endogenous
demographic growth and land-use from market-oriented land-use. This analysis
calculates the per capita proportion of land available for swidden, and is based on village
settlement events and government censuses conducted between 1891-1980. The
relationship between these rates and resettlement events are then analyzed through time.
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The historical narrative is rather lengthy, so the results of this classification are
synthesized and summarized in the next section. After the synthesis, readers who are not
interested in the details of Toledo’s history are encouraged to skip ahead to the catchment
analysis section, below.
Synthesis of settlement history
The dispersed spatial distribution and small populations of the Q'eqchi' villages in
the southern Toledo District (Figure 1) appear to be driven by ecological carrying
capacity, but detailed analysis of the regional history does not support this conclusion.
Table 1 summarizes the historical relationship between villages, the primary cause for the
founding of each village, and a rough qualitative classification of whether environmental
limits were reported as a significant reason why the village was created. Of the twelve
villages in this study, only one provides clear and significant evidence that ecological
limits such as poor soil fertility or limited farmland were implicated by those interviewed
as causes for village budding. This was the relocation of Machakilha after a conflict over
farmland ensued with Crique Sarco. The other, less clear, case was San Miguel, a
daughter village of Santa Teresa where there were reports of poor soil fertility (Toledo
Maya Cultural Council, 1997). Poor soil quality in Santa Teresa can neither be confirmed
nor denied, but the interviews suggested a more complex scenario than just carrying
capacity. Interviews suggested that several families from Crique Sarco went with the
families from Santa Teresa to found San Miguel. One Crique Sarco family in particular
reported moving for complex sociological reasons: they wished to escape exploitative
living conditions generated by a non-Q'eqchi' family. While it might be argued that
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Crique Sarco was under environmental stress at this time, conditions were not critical
because this family returned after a just few years to Crique Sarco because of an
epidemic in San Miguel. These events, and another anecdote of a priest who offered the
villagers incentives to move from Santa Teresa, suggest that the founding of San Miguel
was more complicated than just ecological carrying capacity. Other evidence that might
implicate ecological carrying capacity came from Dolores’ daughter villages, Otoxha,
Crique Sarco, Graham Creek, and the first migration of Machakilha . While there were
reports that people left Dolores because it was difficult to find farmland, the limit was
socially imposed because all the land surrounding Dolores has been privately owned
since 1880.
Q'eqchi' swidden was only allowed with permission or acquiescence of the
landowner, but periodically this was revoked, triggering resettlement events. Thus, the
proximate cause of Dolores’ daughter villages was private land tenure, rather than
ecological carrying capacity. The impact of the Dolores Estates on historical settlement
patterns in southern Toledo cannot be understated.
This historical narrative also highlights the importance of another exogenous
market, the United Fruit Company and the Temash river banana industry in the 1930s. As
the banana industry as a whole declined during the late 1920s in northern parts of Belize
due to banana blight, the company sought to leverage its infrastructure investment and
cultivate bananas in the south before the disease made production impossible. This was a
boon to Crique Sarco’s economy because the company sent a weekly barge to the village
and villagers could sell the bananas they cultivated.

168

Table 1: Summary of reasons for resettlement, and whether evidence suggests that
ecological carrying capacity (ECC) was a causal factor.
Village

Date
Founded

Parent village

Factors for founding

ECC

Cramer Estates

1880

None

Founded by Bernard Cramer

no

San Pedro
Landing

18811890

Alta Verapaz

Economic opportunity; fleeing political
oppression in Guatemala

no

Alta Verapaz
& San Pedro
Landing

Economic opportunity;

no

Dolores

K’expecilha

1922

?

No information

?

Otoxha

1915

Dolores

Land pressure in Dolores due to growth
associated with Cramer Estates operations; but
Dolores is private land, so farming could only be
done with approval from landowner*

no

Crique Sarco

1910

Dolores

Economic opportunity to work for Steinbrugge
Bros.; if Q'eqchi' came first, probably because
Dolores Estates was private land

unlikely

Conejo

~1912

Crique Sarco

Too many outsiders in Crique Sarco?

no

San Miguel

1952

Santa Theresa
& Crique
Sarco

Those that moved from Santa Theresa reported
poor soil fertility, but some from Crique Sarco
left because of internal

some

Old Machakilha

1983

Dolores

Private land owner restricted their subsistence
options

no

Hicatee/

1987?

Machakilha

Relocation from surveyed location because of
tension over farmland with Crique Sarco

yes

Graham Creek

1998

Dolores

Tensions with the landowner forced him to want
to leave Dolores, but religious differences
prevented him from moving to an established
village

no

Lucky Strike

2004

Crique Sarco

To make running his bus service easier, and to
help finalize the land lease process by living on
his land.

no

Machakilha

Many acres of prime riparian farmland were cleared, but inevitably the banana blight
halted production, leaving behind unproductive soils; to this day it is impossible to grow
bananas in Crique Sarco. The UFCO in Crique Sarco is a clear example of the importance
of markets even in remote parts of Toledo, and the damage farmers inflicted on their local
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ecology growing bananas for it highlights the importance of second-order market effects
in undermining the ecological resilience of the lands along the Temash River. In the
context of the carrying context capacity hypothesis, this point warrants elaboration:
although it is hard to define them, there are clearly ecological limits, which can be
exceeded by human activity with relative ease. In exonerating ecological carrying
capacity as a cause of the settlement history of the Toledo District, I do not mean to
imply that ecological limits do not apply. The Temash banana industry is illustrates an
instance then these limits were clearly exceeded by the Q'eqchi' farmers who cleared the
land out of their desire for cash income. It is unfortunate but unavoidable that quantitative
and empirical data such as remote sensing and soil fertility were not available to
document conclusively this historical point – but such is the challenge of historical
analysis. If it were, I believe we would see that the rate of the forests exploitation was far
greater under banana cultivation because of the imbalanced demand set up by United
Fruit Company, than under the swidden-based ‘pig-economy’ that accompanied the
villages returned to in the 1940s after UFCO shut down operations, and which was
amplified by the development efforts of the British Q'eqchi' liaison officer beginning in
the 1950s.
Indeed, if the historical analysis presented here were to include second-order
consequences it is likely that Q'eqchi' settlement patterns would be much more closely
linked to environmental limits. But the goal of this historical analysis is to break down
over-simplifications that conflate market-oriented swidden (such as banana cultivation or
the “pig-economy”) from subsistence-oriented swidden. Most scholars agree that the
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Q'eqchi' are eager to engage with markets when they are available, but also willing and
able to return to subsistence patterns, including the ‘pig economy’, when those markets
evaporate. The analysis presented here supports this conclusion. The major revision to
previously histories of Crique Sarco is that the well-documented demographic problems
suffered in the early 1950s should be attributed to overuse of the land instigated by the
expansion of the United Fruit Company into the Temash region, rather than undo
environmental exploitation due to the ‘pig economy’. This is an important distinction
because it shifts blame for the degradation of Crique Sarco’s forests from local farmers
raising pigs using a sophisticated socioecological strategy, to United Fruit Company, a
monopolistic American corporation which knowingly extended it’s marketing along the
Temash River well after its leaders were aware that the industry was unsustainable. This
incursion should properly bear responsibility for the population crashes seen in Crique
Sarco after 1938. In addition to underestimating the negative impact United Fruit had on
the Temash River communities, previous histories also overemphasized the impact the
British liaison officer had on the village. But the modernizations he brought to Crique
Sarco seem to have had little long-term impact, as he himself acknowledges. Yet this was
not due to his failure, but rather because the forest’s productivity was undermined so
dramatically by banana cultivation that even modern agricultural techniques could not
compensate. It should be clear at this point that what historical cases of severe
environmental degradation that exist in the Toledo District are much more closely linked
to exogenous market factors than with the subsistence swidden activities.
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Settlement history
First settlements: The Cramer Estate, San Pedro Landing, and Dolores village
The first major settlement in the Toledo District’s southern tier occurred when
Herman Joseph Cramer developed a plantation in the far southwestern corner of the
Toledo District. His father, Bernard Cramer, was a German entrepreneur from Belize
City who had purchased a large parcel of land from Young, Toledo and Company in 1880
(Wilk, 1997:60-1). While Bernard manage his assets from England, Herman arranged
through contacts in Guatemala for a group Q'eqchi' laborers to settle at San Pedro
Landing along the Sarstoon River between 1881 and 1890. It is unclear whether this
migration was compelled or if the Q'eqchi' by their own motivation. Wilk’s use of the
passive tense in describing this movement suggests that it was at least planned and
coordinated by Herman Joseph: “…these Kekchi families were settled...” (Wilk 1997:60,
emphasis added). However, it is plausible that migration out of Alta Verapaz fit well with
these families interest in escaping the difficult conditions in Guatemala and that little
compulsion was required. The location of the new Q'eqchi' settlement several kilometers
to the south of the administrative center of the Cramer Estate suggests an independent
arrangement.
Bernard Cramer died in 1903, but Herman continued operating the estate until the
beginning of World War I. It produced coffee, rubber, cacao, mace and allspice, mostly
for the international market, and the work provided wage labor for many of the people
living in San Pedro Landing. It was also reported that some of the Q'eqchi' working on
the Cramer Estates came from the Rio Dulce region of Guatemala, a distinction revealed
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by their lack of an Altaverapaz dialect. But currently, it is not possible to distinguish
whether these are contradictory reports, or perhaps, two separate waves of settlement.24,25
Wilk refutes the notion that the British government shut down Cramer’s operations
because he was a German national operating in Belize at the outbreak of the war, but he
does agree that this may have made it difficult to market products internationally through
other German contacts. Regardless, the Cramer Estate shut down in 1914 (Wright &
others, 1959:126) and Herman Cramer died in 1947 after selling 36,000 acres to an
unknown buyer26. This Cramer Estate parcel has since changed several times, but it has
never again provided as much work for the villagers as it did before WWI. Today the
land continues to be the largest privately owned tract in the Toledo District. It is managed
from Punta Gorda and occasionally people from the village are hired for small projects.
The Cramer Estates had little direct economic impact on the lives of the Q'eqchi'
was limited later in the 20th century. But repercussions of the creation of the estate echo
throughout the history of the Toledo District. Most of the southern tier of the Toledo
District is, and has always been, government land. As the largest single parcel of private
24

These observations were recorded in an interview with the former British Q’eqchi’
Liaison officer. While he was not in Belize during the early days of the Cramer Estates,
he was fluent in Q'eqchi' Mayan and was capable of noting the dialectical differences. It
remains unclear, however, whether the both the Rio Dulce and the East Indians worked
during the estate’s heyday under Herman Cramer, or at a later time.
25

One other interesting anecdote told by the Liaison officer was that there were also
East-Indian laborers who were recruited to work on the Cramer Estate. They came from
Rancho, Corazol in the northern Belize, and eventually even came to speak fluent
Q'eqchi'. As with the previous footnote, it cannot currently be determined whether this
occurred contemporaneously with the Cramers themselves, or a subsequent owner.
26

The documents are reported to be in the archives in the administrative capital, but so
far this history has not been documented.
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land within it, the Cramer Estate has become a symbol of benefits and problems that
come from private land ownership. As we will see, it affected Q'eqchi' settlement patterns
in measurable ways throughout the 20th Century. But perhaps more significantly, the
history of the Cramer Estate has taught many Q'eqchi' the benefits private land ownership
conveys to those who hold title.
San Pedro Landing (San Pedro Sarstoon)
The strong economic tie between the Q'eqchi' living at San Pedro Landing and the
Cramer Estate altered normal village growth and migration patterns. After settling, they
farmed near their village and many also worked on the Cramer Estate, a two hour walk to
the north. The 1891 Colonial census reports 254 people living at San Pedro Landing,
including Cramer’s personal servant (BHAR, 1891; Wilk, 1997). This is quite a large
number, nearly the same size as the mean village population in the District today.
Eventually, a substantial portion of the village left because the recorded population of the
Cramer Estate in 1911 was 328, while the population of San Pedro Landing had dropped
to 43 by 1921 (Wilk 1997). In 1929, wells in San Pedro Landing failed during a period of
dry weather, and Cramer gave his permission for some of the villagers to move to
Dolores (TMCC 1996). The 1931 census reports 34 families; in 1936 there were 20; and
after that San Pedro Landing was abandoned. Government census data show the
migration of people from San Pedro Landing to Dolores that occurred from around 1890
to around 1936 (Figure 2). It should be noted that the Q'eqchi' acknowledge asking the
landowner for permission to resettle around Dolores in 1929, even though the Cramer
Estates had closed operations in 1914. Even at this early date the Q'eqchi' respected the
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private property rights held by Cramer and only moved with his approval. This reflects
their familiarity with the concept from their historical experiences in Guatemala and up
until that point in colonial British Honduras.

Figure 2: Population of Dolores and San Pedro Landing according to government
censuses.
While the government censuses do indicate a steady migration of people from the
original settlement in San Pedro Landing to Dolores and its eventual abandonment, the
actual migration history is more complicated. The Cramer Estates quickly came to be
known as “Dolores”, suggesting an early transformation from the Colonial headquarters
of the Cramer Estates to a Q’eqchi’ village. Usually Q'eqchi' villages are named after
their patron saint, and in this case it is Santa Dolores. A Catholic church was built in
1914 (Wilk 1997), yet parish records attribute births and baptisms to “Dolores” as early
as 1904. While the Maya Atlas attributes the movement of Q'eqchi' people into Dolores
in 1929, it is clear that this date is much too late. One can imagine a large Q'eqchi'
settlement surrounding the Estate headquarters by at least 1904, but probably much
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earlier, and in all probability not long after the establishment of the Cramer Estates
headquarters.
The population movement away from San Pedro Landing occurred unevenly
through time, and the reported water problems do not seem to have resulted in the
village’s immediate abandonment. The birth rate in San Pedro Landing falls sharply from
1900 until around 1914 (Figure 3). At the same time a boom in Dolores’ birth rate
occurred, supporting shift in population. Some of these births could be attributed to new
immigrants from Guatemala, but it is likely that many actually came from San Pedro
Landing. During the period of WWI until the early 1920s, however, there is an increase
in migration of people back to San Pedro Landing, peaking around 1920. Unfortunately
the birth and baptism records are missing from 1923-1925, but even with these years
removed the 5-year running average shows a decline in the Dolores birth rate through this
period. In 1929 there appears to be a sharp drop in number of births and this could
corroborate the reported problems with the water supply in San Pedro Landing, some
people must have stayed in the village, and more returned after two years. There are
births recorded for San Pedro Landing until at least 1938.
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Figure 3: Birth records from Catholic Church illustrate micro-migration between San
Pedro Landing (Sarstoon) and Dolores.
After the Cramer Estate sold in 1947, it provided infrequent work for villagers
who remained. Some of the men I interviewed remember their parents working for the
owners, but the pay was very poor and was structured to increase agricultural production.
Pay scaled with the number of acres each farmer contracted to cultivate, thereby
providing the men incentive to increase production. By one report, the pay rate was ten
cents a day for two acres, or twenty five cents a day for twelve acres. This is what locals
call chopping “by task”. Interestingly, this practice seems to have been adopted and
adapted to non-Estate use as an alternative means to organize labor within villages,
especially for cash crops which continues to this day.
Life in these remote villages was difficult during the middle of the century. To
travel to Punta Gorda, villagers from Dolores walked five hours through the bush to
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Crique Sarco where they borrowed a dory to paddle down the Temash river, or paid for
the trip on a motor-powered dory, if one was available. When they reached the sea just
south of Barranco Village, they would sometimes have to camp for up to three days
waiting for the sea to calm enough that they could paddle their dory through the waves
breaking across the sandbar. This was quite dangerous and the men who remember
making this trip still boast of the difficulty. Once out at sea, they would paddle for a half
a day up the coast to Punta Gorda Town. But town provided little refuge. Many men
spent the evenings drinking rum and when their money ran out, even if they slept in a
dormitory, they were still vulnerable to robbery (Nunes, 1977:34). It was not uncommon
for a man to return to his village without money and without the items that drew him to
town in the first place. Under the best circumstances the roundtrip from Dolores would
take three days of hard traveling. More often than traveling to Punta Gorda, however,
people form Dolores would travel to markets in Guatemala.
Details of life in Dolores during the mid-20th Century are still remembered by
some people. Mateo Keh, currently lives just outside of Crique Sarco, and was born in
Dolores in 1952. He does not remember much from the first eight years of his life until
around 1960. From that point in time he remembers living atop one of the hills outside of
Dolores where he could look down on the other houses in the village. They had four
coconut trees and five grapefruit trees, and he remembers going for weeks at a time
unable to buy the soap his family needed to wash their clothes. There was a small shop in
the village, but the operator only stocked these commodities every month or two when he
was able to travel to town. Mateo Keh’s family made due by making soap from the soap
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berry tree (Sapidium saponaria). His mother was sick and unable to work, so he helped
her with household chores. His father did not do any wage labor at this time,
corroborating reports that little work was available on the Cramer Estate by this time. His
father earned money only from raising pigs, which he sold across the border in
Guatemala, and bleeding the sap from the copal pom tree (Protium copal) for use as
incense in religious ceremonies. There was no market for corn or for rice at that time and
these were the only form of cash income the family had.
Otoxha village
The village of Otoxha is located several miles north of Dolores. There are
conflicting reports about the origin of this village. Older residents of Otoxha describe
their Guatemalan ancestors immigrating from Alta Verapaz to avoid forced labor (CARD
2004). Two sources state that the village was founded in 1924 (CARD 2004; TMCC
1997), but the 1921 Colonial census reports 68 people living in a village by this name.
The Maya Atlas states that Otoxha was an offshoot of the Cramer Estate, an idea
supported by the dramatic increase of the birth rate in Dolores during the middle of the
1910s (Figure 3). With household size increasing, and with access to farmland limited by
the Cramer’s monopoly over land, some families must have decided to move away from
Dolores. There is substantial agreement between published sources, interviews conducted
in 2007, and Church records, that the original settler of the village was Lucas Chub and
that he migrated from Dolores. Church documents record a birth in “Otoxha” in 1917,
and two births in 1915 to Lucas and Manuela Chub in a village recorded as “Temash”,
which is almost certainly the village of Otoxha. The Chub’s babies were recorded as
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being born in Otoxha and baptized in Dolores, leaving little doubt that Otoxha was settled
by at least 1915. There are births recorded earlier as 1902 for a place named “Temash”
but these do not share the strong connection to Dolores as those reported here, and they
could be from Crique Sarco, which also lies along the Temash River and was founded
very early.
Otoxha is a daughter village of Dolores in so much as its founder, Mr. Lucas
Chub, lived had previously lived in Dolores. Current residents of Otoxha also say that
many people of their village originally came from Chakalte, Guatemala to avoid forced
labor on construction projects. Others report that some elders in Otoxha used to speak
Cuxtin, a Q'eqchi' dialect spoken in St. Augustine. It is possible that all these reports are
true. The founders of young villages are known to accept new residents to come live with
them in order to expand the number of people living in a remote location so that the
village is viable, and this may have been the case here.
When Otoxha was first founded it was under the administrative authority of
Crique Sarco, located several miles down the Temash River. This is somewhat surprising
because of Otoxha’s historical relationship to Dolores, and because is geographically
closer to Dolores. Thus it seems likely that the Cramer Estate was not an administrative
center for the Colonial government, despite the presence of a private enterprise operating
there.
As the Temash River is not navigable past Crique Sarco, villagers from Otoxha
would initially have walked through the bush to attend church, and to seek formal
permission from the alcalde or Police in Crique Sarco when such approvals were needed.
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The population of Otoxha grew slowly during the declining Post-War years of the
Cramer Estate, but sometime around 1930 the population of began to decline up until
around 1940, when people began migrating to Crique Sarco because of economic
opportunities selling bananas to United Fruit Company (Figure 4). There is perhaps a gap
in the Church birth records prior to the outbreak of WWII, but the overall decline of the
village from 1925 through 1940 seems justifiable and the village may have been close to
being abandoned for several years.

Figure 4: Otoxha demographic history based on Catholic Church records.
In response to this apparent decline the leaders may have continued to recruit new
settlers to join the village. One of the oldest men still living in Otoxha, Juan Ack,
remembers moving there in 1941 and was probably part of this second wave of
immigration. He was nine years old, living in Chakalte, Guatemala when his father heard
of a new village in Otoxha. They decided to move there and eventually he became a
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compadre to the village’s founder, Lucas Chub. Juan Ack recalls just eight families living
in Otoxha in 1941 when he first visited. Although somewhat higher than the census
numbers indicate (13 people in 1936), his recollection that the village was newly formed
is not consistent with a founding date of 1915 demonstrated by Church records above.
But discrepancies such as this are common when working with oral history. Rather than
contributing to the founding of the village, their migration to Otoxha in the context of the
apparent demographic decline of the village at the time, it better interpreted as a “pull”
from Otoxha’s leaders to draw in new settlers.
K’expecilha village
The history of Otoxha is tied to another village, now abandoned, named
K’expecilha about which little is known. It was founded by Ignacio Choj and was
established by at least 1922 when the census records a population of 44 people (Wilk
1997). Unfortunately, no one interviewed could remember his reasons for starting this
village, or whether he came from Dolores. The village never had a school or a church and
the villagers came to Otoxha for these services. When Ignacio Choj died, the remaining
people eventually moved to Otoxha. This is supported by a dramatic increase in the
number of births recorded around that time in Otoxha (Figure 2.4), and is consistent with
the idea that Otoxha was welcoming new residents during the 1940s. Ms. Candelaria
Choj, who now lives in Crique Sarco, reports that she was born in K’expecilha, and that
Ignacio Choj was her uncle. She remembers being told by her step-mother that they
moved to Otoxha when she was three years old, shortly after her uncle died. She is unsure
of her exact birth date, but thinks it was around 1936. This places the time when her
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family moved to Otoxha around 1939 and in the transition period when Otoxha was
experiencing a dramatic population shift.
Crique Sarco village
Crique Sarco lies at a bend in the Temash River approximately 40 kilometers
from the Caribbean Ocean. It is strategically located at the last reliably navigable portion
of this river, and has served for nearly 100 years as a gateway and layover for people
traveling to and from the more remote villages, Otoxha and Dolores, located to the west.
For at least the past fifty years Crique Sarco has been something of an administrative
center, an outpost in the middle of the jungle where people from the remote villages
could purchase essential items, attend religious ceremonies if their village lacked a
Catholic Church, and find river transportation to Punta Gorda. Crique Sarco began to
serve as an administrative center for the Colonial government when they assigned a
Kekchi Liaison Officer to live there from June 1956-1959 (Nunes 1977). This served to
draw people from the surrounding area because the Officer brought in many valued
services: an emergency telephone, a dispensary, a school, an electric generator, an
airstrip, a pig, corn, and rice cooperative, and even a communal dory for transporting
hogs to the Belize District and fruit to Stann Creek District (Wright & others, 1959). This
historical peculiarity, and several others as we shall see, makes Crique Sarco an atypical
Q'eqchi' village. Like Dolores, Crique Sarco is also an ancestral village, having spawned
several ‘daughter’ villages. But before exploring this history in more detail, it is first
important to determine its origins.
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Most agree that Crique Sarco is one of the oldest Q'eqchi' villages, and that it was
settled sometime after the Cramer Estates, San Pedro Landing, and Dolores. There are
three different stories told about the village’s origins and whom the first people were to
live there. The Maya Atlas reports that two men and their families, Marcos Choj and
Manuel Baki, immigrated from Poptun, Guatemala by way of Dolores (TMCC 1997).
Indeed, parish records indicate that Magdalena Choj was born to Marcos Choj and
Dominga Kok on July 5, 1915, supporting the claim that the Choj family was one of
village’s earliest. Manuel Baki, however, did not come from Guatemala. He was born
either in 1905 or 190827 in San Pedro Landing. He had his first baby in Crique Sarco in
1930, well after the earliest recorded dates of activity in the village, and leaving open the
question whether he was one of Crique Sarco’s founders. In addition to these men Andres
Coy was also one of the village’s founders. The story was told by his grandson, and
currently the village catechist, Jose Coy. Andres Coy’s birth is not listed in parish
records, but a man by his name had a child in San Pedro Landing on June 6, 1906 making
it likely that Andres was of the right age to found a new village at Crique Sarco anytime
thereafter. Jose Coy recalls the story of these men. They were out on a hunting trip from
Dolores in the springtime when they found a little creek28, and decided to set up camp for
the night. The next day they found that the creek actually drained into the Temash River
27

Parish records are unclear. Two men born in San Pedro Landing named Manuel Baki
prior to 1910. They were either brothers or cousins. Their fathers’ names are listed
differently, but one of them is “Manuelia” which is not a man’s name. This may be a
recording error, in which case perhaps the first child died and the next was given the
same name.
28

The creek is called Crique Sarco today, but Schackt records it as “Zarco Creek”
(Schackt 1986).
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and they decided it would be an excellent place to live. They returned the following
January, during the time normally reserved for chopping new corn fields. That time they
stayed for several days while they cleared underbrush and chopped the tall trees for their
milpa. Afterward, the men returned to their village to wait for the fallen trees to dry. They
returned again sometime in March to burn the field, and then again later in May to plant
corn. At this point the men had built a small field house to store corn, and where they
could sleep during their trips. When the men returned to the field to monitor the growth
of the corn and saw that it was growing well, and they finally decided to move their
families to the site of the new village. After they reaped corn from the field, they used the
area cleared for this first milpa as the site for the first houses. Eventually, other families
were attracted to the village, and it became a well established. This story, or a derivative
thereof, is commonly told when eliciting the oral history of Crique Sarco’s founding.
Unfortunately, it is difficult to verify with historical facts and because it is told by men at
least one generation removed from those who actually settled at the village and so
specific names, dates, and details are hard to determine and must be evaluated with
caution. My attempt above to reconcile some of the names with parish records is
probably the most specific attempt to date.
The second Crique Sarco origin story was recorded in an interview in 2008 with
Romalda Canelo. She is from a Spanish-speaking family who came to settle Crique Sarco
early in the 20th Century. She was born in 192829 and she recalls that her father, Leoncio
Canelo, founded the village. He was born in Santa Rosa de Copan in Honduras sometime
29

Her birth is recorded in the parish records on February 7, 1928.
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around 1871, and his father (Romalda’s great-grandfather) was from Comayagua,
Honduras, the old capital before it was permanently moved to Tegucigalpa in 1880.
Across the border in Guatemala, Justo Rufino Barrios, a Liberal, became president of
Guatemala in 1873 after working to overthrow the Conservative government. During his
tenure he instituted a number reforms to Guatemala’s physical and economic
infrastructure. He built roads, railways, and telegraph lines and worked to base the
country’s economy on coffee-production. Barrios also worked to resurrect the five-nation
federation of Central American countries that collapsed in 1838. It was probably as a part
of these travels that he came to Honduras looking for help running the government’s new
cattle farms near Quetzaltenango. He recruited Leoncio Canelo’s father to move to the
Guatemalan highlands and oversee these operation. Thus, Lenocio moved to Guatemala
as a small child. He was fourteen years old when Justo Rufino Barrios died in 1885, but
fortunately had been able to attend school. He studied in Quetzaltenango, and then at the
military Polytechnica in Coban, Alta Verapaz where he reached the grade of Lieutenant.
After the assassination of president José María Reina Barrios (Justo Rufino Barrios’ son),
Manuel José Estrada Cabrera came into power in 1898. Leoncio Canelo found himself
out of political favor and eventually decided to move to Belize. He had several children
and a wife in Guatemala, but at first he traveled to Belize alone. At that time the Belizean
border was not monitored and people could pass freely, and he first moved to a village
named Temashito where it seems he must have stayed for a while. This is probably a
village at the headwaters of the Temash river on the Guatemalan side of the modern
border now recorded on maps as Timax. From Temashito he walked to 6 kilometers to
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Dolores where he stayed only for a few days before he went to Crique Sarco in 1916. She
claimed that her father was the first to clear the forest in Crique Sarco, and that no one
was living there when he arrived.
The third story for the founding of Crique Sarco suggests that two German
brothers, Karl Bernhardt Steinbrugge and Herman Heinrich, began a lumber extraction
operation in 1910 near the location of the present-day village (Wilk 1997). They built a
steam-powered sawmill and hired up to seventy-five men. The original government
papers reported that the brothers paid $50.00 per day, but this rate is probably an error (as
noted in Robinson [1985])30. Nevertheless, the opportunity to work on this operation may
have attracted a core group of Q'eqchi' to come live in the area (Schackt 1986; Wilk
1997). Minute Papers from the Surveyor General to the Colonial Secretary in 1921 show
a grant of 2,513 ½ acres of land on the north bank of the Temash River, and a license to
cut lumber across an area of seventy square miles (44,800 acres) on either side of the
river (Robinson 1985). Royalties were paid on this license from 1909-1913, but the
operation was shut down in 1914 at the beginning of WWI, when the German men left
the country.
This account of the German loggers is grounded in well-dated archival records,
but there is no more reason to accept it as truth than the Q’eqchi’ oral history, the story of
Leoncio Canelo, or the parish’s birth records. A “chicken-and-egg” problem exists: did

30

In fact, $50 per day was considered a good wage for men living in Crique Sarco during
my fieldwork in 2008, and thus the $50 rate could be a currency translation problem, or
maybe refers to the total amount paid for all the men. In the 1950’s the Liaison Officer
reports paying $1.50 per day for labor, which was a good wage at the time.
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the Q'eqchi' settled at Crique Sarco first, or if the opportunity to work at the lumber
extraction operation drew them from Dolores? It is equally likely that the lumber
operation could have been established near a nascent Q'eqchi' settlement because it
provided the Steinbrugge brothers the necessary labor force for a profitable operation.
The villagers would have readily accepted this opportunity for cash income. However, if
the date reported by Romalda Canelo for her father’s arrival in Crique Sarco can be
believed, her claim that her father founded the village is probably not true because the
documentary evidence supports the existence of the lumber operations prior to 1916. It
was also reported in several interviews with Q'eqchi' elders that there were Q'eqchi' living
in Crique Sarco prior to Leoncio Canelo’s arrival, but this claim must be also treated with
caution because of the political implications of land tenure.
To gain further insight on this question, we can consult the parish’s birth records.
The earliest recorded birth in Crique Sarco was on November 2, 1913. This child was
later baptized in San Pedro Colombia on March 17, 1914. The previous analysis of early
Church records from Dolores support the idea that the church’s records are reliable as
early as 1904, and there is no reason to assume that births and baptisms would not have
been recorded in Crique Sarco if the village had a viable population during this time. The
priest would have traveled up the Temash River past where the early Crique Sarco would
have been. Most Q'eqchi' were devout Catholics at that time, wiling to walk for hours or
even days to baptize their babies, and a Q'eqchi' family living in Crique Sarco would
have certainly stopped the priest to arrange a baptism. However, the way village names
were recorded in the Church records creates a problem that prevents any satisfying

188

conclusion to the question of who actually founded Crique Sarco. As early as 1902 there
are births and baptisms recorded in “Temash” or “Temash River”. As noted above, these
could be in reference to any location along the entire Temash River from its mouth all the
way to the Guatemalan Border and so it is impossible to rule out the possibility that there
were small Q'eqchi' along the Temash River prior to the arrival of the Steinbrugge and
Heinrich lumber operation.
The Crique Sarco Indian Reservation was established in 19XX, and up until the
1950, villagers from Crique Sarco avoided farming on the north bank of the Temash
River until the introduction of a land privatization experiment run by Charles Wright and
the Kekchi liaison officer (cite Wright, 283-4). From this one might conclude that the
perceived private status of these lands was established by the priority of the Steinbrugge
and Heinrich brothers’ lease. But it is also possible that the lease was arranged before the
brothers even visited the area and that the authority of the lease empowered them to force
off any Q'eqchi' who may have used the north bank for farming prior to their arrival.
Without further evidence it may be impossible to conclude whether the lumber
operation was established before or after the Q'eqchi' settlement at Crique Sarco. But
perhaps it is irrelevant. Based on the early success of the Cramer Estate and the rapid
growth of Dolores village, Steinbrugge brothers probably felt comfortable that they
would have a ready and willing Q'eqchi' labor force to work on their lumber operation.
They Q'eqchi' were probably also comfortable with such an arrangement, as it provided
them the opportunity for wage labor, at a location that made access to the market in Punta
Gorda easier. Also, the details of the Steinbrugge and Heinrich’s lease were important:
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they purchased rights to the land on the north bank of the river, but the land on the south
bank remained available for farming and so the Q'eqchi' families could be assured that
the subsistence was at least assured if the wage opportunities failed. A picture of mutual
interdependence between the Belizean Q'eqchi' and colonial period commercial
enterprises in the Toledo District emerges from this examination of the formation of
Crique Sarco.
Crique Sarco is also characterized by several phases of population growth and
collapse (Figure 5), and oral history suggests that several daughter villages were formed
from Crique Sarco during the first half of the 20th century. A cursory survey suggests that
these demographic pulses appear to be related to experimentation with new agricultural
techniques, and driven by demand from beyond the Toledo District, and so these patterns
thus require more detailed examination in order to determine whether they are being
driven by ecological limits or exogenous factors. Population nadirs occur in the Church
records in the mid-1920s, and the mid-1940s. There may be a gap in the records from
1923-6, but even with these years removed (not shown) the 5-year running averages
indicate a drop in population, and so both events appear to be significant. Unfortunately,
during fieldwork I heard little about the fall in population in the 1920s. This event
appears to be beyond the memory of current residents, and overshadowed by later events
in the village. It was towards the end of the 1920s that a market for bananas opened up in
the Temash and along with it, recollections of banana production in Crique Sarco.
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Figure 5: Demographic history of Crique Sarco Village including government censuses
(1921, 1931, 1936, 1966, 1980). 2008 census data was collected independently by the
author. Both births and Baptisms are displayed to demonstrate the strength of that dataset.
Until the 1980s patterns in the Catholic Church birth and baptism records represent the
village’s demographic history. After approximately 1985 Protestantism evangelism in the
village decreased the number of active Catholics. There are two periods which are likely
missing data (1923-6 and 1941-3).
Banana production along the Temash River
Historically, the most significant economic opportunity to come to the Temash,
and indeed all of Belize after 1900, was banana production. Boston-based United Fruit
Company signed a production and purchase agreement with the colonial government in
1909 (Moberg, 1996). The contract inordinately benefited United Fruit, providing cheap
land, exemption from import and export duties, limited land taxes, and control of a
narrow-gauge railroad to be built in the Stann Creek District to facilitate movement of
bananas to the coastal town, Dangriga. In exchange for these concessions the company
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agreed to operate in the colony for at least 25 years, although eventually this clause
turned out to be non-binding. With this contract established, United Fruit soon came to
become a powerful force in the colony, controlling its only mail route and passenger ship
service. They used their monopoly to their advantage and secured even more favorable
contract terms when it suited them. The government thus had a submissive attitude
towards United Fruit that helped the company in the short-term but eventually
undermined the long-term success of the banana in colony (Moberg, 1996). This was in
part due to the strength of United Fruit’s monopoly, which they used to keep producer
prices very low, preventing growers from improving their lands so as to ensure the
longevity of the industry. Because of this, banana production began to decline as early as
1919 when a serious blight known as Panama Disease (Fusarium oxysporum) was
discovered at one of United Fruit’s Stann Creek farms. This fungus is devastating to
banana plantations and can halt production across wide regions. The fungus infects
banana plants and is transmitted during floods, workers, or by tools carrying the spore.
The fungus interferes with the plant’s ability to conduct water causing its leaves to wilt
and eventually die. By 1920, the company abandoned their Stann Creek farm and soon
stopped growing bananas, focusing instead on marketing. By 1931, banana production
had ceased in Stann Creek, and seven years later in 1938, the banana railroad was
dismantled and the rolling stock was sold of to Jamaican interests (Moberg, 1996).
Little documentary evidence of the banana industry’s effects on the Toledo
District are known. Wilk refers to the period between 1914 and the early 1930s as a time
of relative isolation during which most Q'eqchi' focused on pig production for local
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markets (Wilk, 1997:66). Wilk dates the arrival of the international banana market into
Toledo to the late 1920s and lasting through 1938:
Although some Mopan and Kekchi were hurt by the loss of wage labor and commodity markets in
1932, at this time schooner captains put out of business by the end of Prohibition in the United
States began to dock at Punta Gorda to buy bananas instead of rum. Kekchi villages along the
lower Moho and Temash responded quickly, planting on fertile levees and shipping the bananas
down the rivers. In 1936 a Kekchi farmer in Crique Sarco reported making $100 a week from his
40-acre farm (BAB 1936:MP266-33). The banana boom was short-lived. Farmers had difficulty
meeting the strict size and quality standards of the large companies that dominated the trade, and
this drove out the small independent shipowners who bought in British Honduras. Disease
problems hurt production, and in 1938 the trade died out completely (Romney 1959: 127). (Wilk,
1997:67)

The banana industry described by Wilk is a poorly organized, ad hoc and illicit
trade network that was nonetheless tied to the international banana trade. In contrast,
Moberg’s recent research suggests that United Fruit maintained tight control over its
monopoly during this period. Perhaps the recollections of some from the Temash region
can provide additional insight into the operation of the banana industry in the Toledo
District.
Villagers from Crique Sarco readily provided for this market, growing bananas on
the fertile banks of the Temash River, its tributary, and also inland away from riparian
land using swidden agriculture (Wright & others, 1959:127). Romalda Canelo recalls
United Fruit buying directly from growers in the Temash region. She recalled her father
responding to posted notices scheduling banana pickups, suggesting that the Temash
banana industry was closely tied to United Fruit, perhaps in addition to the independent
schooners reported by Wilk. Indeed, if Moberg is correct and United Fruit controlled a
monopoly on mail, freight and passenger service to Belize in the 1920s, then the schooner
operators to which Wilk refers would have been operating illicitly. Of course this is quite
possible, given the remote location of Punta Gorda, and that the schooner captains had
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been illicitly smuggling rum into the United States during Prohibition. But the illicit
nature of the trade may have limited the overall impact it would have had stimulating
Toledo’s banana economy.
In general, the banana days were remembered fondly by several older men and
women due to the ease with which money could be earned. A few remembered their
parents actually cultivating bananas around the village, while others had been told about
it. Every week a transport barge came up the Temash River and the company purchased
bananas from local growers. The pickup location was at a place know known as Bull
Landing (see Figure 1). The income was excellent for farmers. The company paid 50
cents per bunch, while at that time a loaf of bread and a tin of milk each cost five cents,
and a gun cost seven dollars, according to one informant. Reports of such high producer
prices does not agree with Moberg’s accounts of the low producer prices paid during
flagging days of United Fruit in Belize. This difference may be explained by the relative
isolation of the Toledo District during this period – producer prices may not have been
set with regard to the relatively low local cost of living, which was tied closely to the
Guatemalan economy.
Nevertheless, the opportunity to earn these relatively high wages attracted men
from other areas, apparently swidden migration patterns toward Crique Sarco. One
family, for example, moved from Dolores because they heard of a “project” in Crique
Sarco. And as noted above, banana cultivation in Crique Sarco drew people from Otoxha,
nearly causing that village to collapse. Eventually, banana fields came to dominate the
landscape around Crique Sarco. While mapping one of farmer’s fields we found an old
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encampment, which the farmer said was probably from this period. We found the remains
of food tins and glass bottles. If this camp actually dates to this period, it provides support
at least a temporary demographic shift toward the Temash region.31
Most of the secondary forest now surrounding Crique Sarco is reported to have
been cleared for banana plantations. Nearly every family in the village had fields ranging
from eight to twelve acres. By way of comparison, the average field size recorded during
the 2007 survey was approximately four acres. To plant bananas, farmers would chop
forest and plant among the fallen and rotting trees without burning. Unfortunately, the
good times did not last long. Very quickly, the banana blight arrived and ended the
industry.
Juan Choc, an informant from Crique Sarco, tells his family’s history of banana
cultivation:
“The banana plantation was very successful in those days because that’s what they make their
living off of it and a big boat come and take it down the river and they just paddle the boat and
board up what they had. All of this bush behind here was banana. Banana walk. They had a lot
of banana. But according to them, my father said that [he] was still a young boy. He was pretty
young he said. He hardly can back one branch of banana. They have to put it on his shoulder and
back it a little ways. So that’s why . . . after some time now, maybe not too long after they were
working on the banana plantation, they did stop. They did stop because some kind of sick disease
catch the plants. Even up to today you can't plant plantain or banana today. … [they] grow, but I
mean maybe when it's 6, 7 feet tall, they start to dry off. The leaves start to dry off. It's not too
good.” (Juan Choc, Crique Sarco, December 14, 2008)

Juan Choc’s grandfather, after whom he was named, was born in San Pedro
Karcha, Alta Verapaz, and moved to Wari Creek, Guatemala and to Dolores where he
had a son, Cirillo Choc on July 9, 1927. In the late 1930s the elder Juan Choc moved to
31

I photograph the manufacturer codes embossed on some bottles I discovered on the
surface to help date the camp and establish whether it really was related to banana
production. Excavation of these sites might also reveal interesting information about the
local history of the banana industry.
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Crique Sarco after learning that he could grow bananas to sell to United Fruit Company.
If we accept that his father was ten years old when the banana industry was active in
Crique Sarco, it is possible to estimate the date of the banana industry was active in
Crique Sarco to around 1937. This date, being somewhat later than that reported by Wilk
for the Toledo District as a whole, supports the idea that the banana industry arrived late
along the Temash region. Choc’s description of the effects of the blight correspond to the
description of Panama Disease’s effects. But there is little mentioned in Juan Choc’s
story, or that of others interviewed, of the problems local farmers may have had meeting
the banana buyer’s quality standards mentioned by Wilk as a reason for the industry’s
decline.
Another report of the banana industry comes from Romalda Canelo. Her story,
and that of her family, is more complicated because they were Spanish –speaking
outsiders living in a Q'eqchi' village. Her father Leonce Canelo, as reported earlier, was
literate and highly educated in Guatemala and because of this, he occupied a special role
in the village.
R: “…you hear about the United Fruit Company? The United Fruit Company got there [to Crique
Sarco], and my dad was the one who shipped more bananas than every one of them, because he
worked and he get people to work with and him.
S: He paid the people of the village to work for him?
R: No…not from the village. They were from here, from Belize.
S: He brought them from different parts?
R: No, those in the village were pure Indian, and so those Indians were very bad people [lleno de
manja]. Instead here in [the Rio Grande River area near Big Falls] there were lots of Hispanic
people living…to work with him.
S: Ah, so he preferred to work with Latinos.

196

R: Yes, yes. And so he said, ok, all who want [can work for me] … but the Indians, no. Because
they wanted a lot of [the] money he was making, and them [the Latinos], from what he was
making, and to them, [he said] no. But they wanted it for their work. [unclear] You [Uds.]…the
government does not have a lot of land, and you can work and make the same…planting. When
the advisory for the United Fruit Company came, you [uds. Penga] help and cut your fruit put it
[unclear]. I was ten years, I was.
R: 1938, I remember.
(Romalda Canelo interview on 5/15/2008 in Spanish, translation by the author)

Canelo’s account implies that Unites Fruit company may have purchased directly
from local producers along the Temash River. In her words, we can also hear a hint of the
social differentiation and conflict that came along with the opportunity to grow bananas,
and which may have been brought about by the presence of an outside “Spanish” family
in the village.32 Boasting that her father, Leoncio Canelo, shipped the most bananas may
or may not be true, but what is most interesting is the idea that the economic
opportunities presented by the banana trade probably exacerbated preexisting social
divisions in the village. There are clearly tones of racial superiority, if not outright
racism, in both her words and in her father’s actions. Yet the Q'eqchi' refusal to work for
substandard wages indicates both that they were informed of the proper wages for the
work, and that Canelo was not immune from having his power challenged within the
village. Easy access to land meant the Q'eqchi' could also cultivate bananas and compete
with Canelo, and so it can also be inferred from this passage that Canelo never had a
monopoly on local production, either as the lone producer of local marketer. In the face

32

The most comprehensive account of Crique Sarco history is by Schackt (1986), and
while he was aware of a Spanish family living in the village, he discounts it as
unimportant in favor of treating the village as “purely indigenous” and therefore more
representative of other Q'eqchi' villages. Failing to account for this important aspect of
the actual history of rural and remote villages is a flaw is his ethnography.
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of these challenges, Leoncio Canelo hired Spanish-speaking people to do the labor that
the locals refused to do, and in doing so inverted the expected class hierarchy in which
Q'eqchi' typically occupy the lowest rung.
Social differentiation within Crique Sarco did not split evenly along either
cultural or class lines. The Bo family, according to some, has lived in the village from its
very earliest days. Carmen Bo married into the family. She was born in Otoxha on July
28, 192933 and was engaged by her mother to John Bo and moved to the village when she
was eleven years old, around 1940. She reports being caught in a hurricane during the
walk from Otoxha to Crique Sarco. Wright reports a major hurricane in 1942 passing 85
miles inland and knocking down up to 75% of the large trees on clay soils (Wright &
others, 1959:126), and this may be the storm Carmen Bo remembers. Nevertheless, she
must have arrived during the last few years of banana industry’s viability in the village.
She recalled: “Only a year I saw the left-over of the banana plantation with my father-inlaw.”
C: We, with my father-in-law here in the village, they go and cut banana. All the full ones are cut
down. A lot more young banana until it is ready again. My in-laws had twenty-five workers to cut
the banana. That was the remainder of what I saw. All back here was banana plantation. The
shipment was way down by Mr. Bull Landing, three miles down the river.
[…later in the conversation…]
S: How many years [ago] was the banana plantation from now?
C: I can't remember. Only my compadre Mr. Mariano Canelo would have known, but he is already
dead. Lots of people used to live here, but they [were] Guatemalan and they moved away, so the
village got small again.
(Carmen Bo, interview February 6, 2008)

33

She does not remember her birth parent’s names because she was raised by her uncle
and aunt. The birth date reported here is most likely accurate, but cannot be confirmed.
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Beyond corroborating the date of the end of the banana industry in Crique Sarco,
there are several striking aspects to Carmen Bo’s recollection of her in-laws banana
plantation. The first bit of information is a historically interesting fact, that the landing
where the banana barges were loaded was at “Bull Landing” located three miles
downriver. This location is marked on some contemporary maps, and was also located
with a GPS during fieldwork. Tidal action affects the Temash River as far up as Crique
Sarco and it is unsurprising that heavily laden banana barges would have moored in
deeper water downriver from Crique Sarco.
Secondly, it is striking that the Bo family employed twenty-five men cutting
bananas. In light of Leoncio Canelo’s refusal to employ Q'eqchi' workers, some of these
Guatemalan workers were probably Q'eqchi'. The kind of socioeconomic differentiation
within a Q'eqchi' village has rarely been seen in the Toledo District.. In contrast, Wilk
identifies two different labor network topologies normally used to organize agricultural
production in Q'eqchi' villages, group exchanges, and individual exchanges (Wilk,
1997:188). Group exchanges are formal, reciprocal labor exchange networks which are
tightly bound to Q'eqchi' beliefs and ceremonies and labor is scheduled and always
reciprocated. Individual exchanges are ad hoc exchanges in which a man may request
labor with an open-ended promise of reciprocation from another man, but the men he
asks may not exchange labor among each other. Group exchanges are usually practices
by established families in a village, while individual exchanges are usually used by men
who are new to the village and who do not have established household clusters to draw
upon (Wilk, 1997:188). Given these prototypical structures, the presence of one Q'eqchi'
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family hiring such a large number of men appears to be an important historical
peculiarity. It suggests that early in the 20th Century Q'eqchi' villages are capable of
economic stratification under certain conditions. In this case, it was brought on by the
opportunity to cultivate bananas for the American market.
The third thing to note in Carmen Bo’s interview is that she was a compadre with
Mariano Canelo. The compadrazgo is a fictive family, which provides a social safety net,
and extend familial connections, and at times, as here, can be used to form social bonds
across social classes (Mintz & Wolf, 1950). Carmen Bo was compadre with Mariano
Canelo, a man descended from a Spanish-speaking Latino with overtly racist attitudes
against Q'eqchi' people, but who was well-connected with Punta Gorda politicians.
Mariano was Leoncio Canelo’s son. According to his sister, Romalda Canelo, some
members of her generation began to integrate into the Q'eqchi' village by marrying
Q'eqchi' women and speaking Q'eqchi' and English, while neglecting their Spanish and
likely forming other compadrazgo bonds with Q'eqchi' families. Romalda viewed
blurring the Latino and Indigená class boundary with disdain.
This oral history provides a fairly nuanced view of the effect the banana industry
had on life in Crique Sarco. Two families in the village (the Bos and the Canelos), must
have controlled a large portion of the banana production in Crique Sarco, but on what
was perhaps a relatively even playing field, as neither monopolized the marketing
contract despite the advantages presumably held by the Canelos trough their Latino
pedigree. In this competitive environment, the Bos hired large workforce to compete with
the substantial Latino workforce Leoncio Canelo into hired. The demographic and oral
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history data suggest that the peak of the banana activity along the Temash River was
during the latter half of the 1930s. Good agricultural conditions encouraged at least a
temporary demographic and migratory shift towards Crique Sarco, and away from the
more remote villages, Dolores and Otoxha. This economic growth created conditions
which began to show complex social relations and nascent economic stratification, which
is rarely seen or reported in Q'eqchi' villages. The end of production was due largely to
two factors, the arrival of Panama Disease along the Temash River and the near
simultaneous departure of United Fruit from Belize. There is no evidence that ecological
factors limited the growth of the banana industry as land is reported to have been
plentiful and relatively productive, even away from the rich and desirable riparian areas.
From these interviews, one tentative conclusion can be made with regard to the
overall history of banana production in Belize: United Fruit Company exploited the
Toledo District as a final refugia in the colony where Panama Disease had not yet
reached with full knowledge that their work there would be short-lived. By the mid
1930s, when banana production had began in earnest along the Temash River, United
Fruit had long since closed its own private farms in Stann Creek due to the blight, and
was well on its way to a fatal decline. With its monopoly in place, and it marketing and
shipping apparatus functional, the Temash River, whilst free of Panama Disease, was an
inexpensive place to extract some final profits while the rest of its operation closed
during the 1930s. The maintenance of relatively high producer prices, relative to the cost
of living, may also be in part explained by this somewhat cynical, but all to typical,
corporate behavior.
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The Canelo family in Crique Sarco
While Panama disease remained at bay farmers grew bananas for United Fruit
Company. Benefiting the village, at least for a short while. Yet over the long term, the
village’s history has been guided not only by exogenous factors, such as the banana
industry, but also by social relations within the village. These dynamics played an
important role in the unfolding of its social and demographic history, and also in the
formation of Crique Sarco’s ‘daughter’ villages. Of particular note, is the presence of the
Canelo family, mentioned above, in changing the politics and economics of life in Crique
Sarco by trying to institute a social hierarchy based on their perceived superior status as
Spanish-speaking Latinos. The history of Leoncio Canelo’s migration to Crique Sarco in
1916 and his pejorative opinion of the Q'eqchi' living in Crique Sarco was recounted by
his daughter; the compadre relationship between Bos and the Canelos hints at the
complex relationship between the Q'eqchi' villagers and the Canelo family. However, the
Canelo family eventually had a very direct impact on the lives of several families, and
ultimately this drove the village to take action against him.
Romalda Canelo recalled that her father was close with the Magistrate’s office in
Punta Gorda, and when he settled in Crique Sarco he did so with their acquiescence. She
claimed that he was one of, if not the first, alcalde of Crique Sarco. This claim is refuted
by an elder who quite specifically recalled (although he was not alive at the time) that
prior to Leoncio Canelo’s arrival, Crique Sarco having a Secretary who worked to
improve the village. According to this elder, Leoncio Canelo was accepted as the second
Secretary because he was educated and literate, and it was after him that the village
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received its first alcalde. To explore this, I acquire copies of the original Crique Sarco
alcalde books, which are still kept in the village. The oldest recorded date in these records
is May 3, 1933, and tellingly, the first page, consisting mostly of alcalde-imposed court
fines, is written in Spanish. Annotated in the margin on the first page is an
acknowledgement by the court recorded in Punta Gorda that the fines were approved and
recorded on August 23, 1933. This is direct documentary evidence that a Spanishspeaker, and probably Leoncio Canelo himself, was serving as the alcalde’s secretary in
Crique Sarco in 1933. Unfortunately, the exact sequence of events and people involved in
the creation of Crique Sarco’s alcaldeship prior to this date remain somewhat murky.
Based on the incomplete series of entries in the alcalde books, it is unlikely that
the book containing the 1933 date represents the beginning of the alcaldeship in Crique
Sarco, but it does add credence to Romalda Canelo’s story that Leoncio (or at least a
Spanish-speaker who was probably a Canelo) served as an administrative link between
the District capital and the village. We also know from her that Leoncio Canelo imported
Latino laborers to work on his banana plantation. In addition to whatever political
connections Leoncio had, he also had the advantage of literacy. Given all these factors,
Canelo must have held an inordinate amount of economic and administrative power in
Crique Sarco in the 1920 and early 1930s. this power differential probably created
tension between the Q'eqchi' residents of Crique Sarco and the Canelo family which
ultimately led to a falling out between them. Eventually, the village decided to take action
against Canelo. With assistance from Catholic priests John Crisic and John Suniger they
drafted a letter to the Queen of England requesting that Canelo be forced to leave. In
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1938, Leoncio Canelo moved out of the village. According his daughter, it was a
crushing blow to have to abandon his plantation and move out of the village. Soon
thereafter, in 1945, he died.
Not all of the Canelo family left Crique Sarco, however. When Leoncio Canelo
was expelled from the village, his wife remained at the family’s house on the North bank
of the Temash River. She lived there until the arrival of the British Liaison Officer in
1953, who eventually forced her to move off her land because her house was located in
the way of an airstrip we wanted to build. Today all that remains on the surface of the old
Canelo home site are several tall coconut trees (PIC?). One of her sons, Mariano, also
remained in the village and married a Q'eqchi' woman. Nevertheless, Mariano apparently
tried to learn from both his father’s success and his mistakes in Crique Sarco. He set up a
household about ten minutes from Crique Sarco on the south bank of the Temash River
and his mother moved here when she was forced off her land by the liaison officer.
Mariano reportedly acquired a lease for this land sometime in the 1940s (although I was
unable to independently confirm this) and there is debate among villagers in Crique Sarco
whether it was a legally binding lease or if it was just a ruse. Nevertheless, the new
Canelo home site became the center of much economic activity in Crique Sarco (PIC?).
He ran a petty shop there to provide goods, alcohol, and credit to the village, and he had a
single-cylinder motor launch which he used to provision his shop and to provide
transportation Punta Gorda. When I visited the old home site, I found what appeared to
be steam fittings which may have come from this boat (PIC?). The Canelo shop was an
important resource for Crique Sarco and other from Dolores and Otoxha because it was
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the nearest place, other than by crossing the border into Guatemala, where people could
shop.
When asked about he Canelo family, the former liaison officer remembered them
as “progressive.” But he recalled that they were not allowed to live in the village because
the villagers did not want them there, and also because the village center was located on a
Indian Reservation. He did not know whether Mariano Canelo had a legal lease or any
kind of formal permission for the land on which they lived, but he doubted it. And when
asked how the village and the Canelos treated each other, he replied that the Canelos
despised the Q'eqchi', and that the Q'eqchi' deferred to the Canelos because they had
more education. At times the villagers would have to bring Spanish-language documents
downriver for them to read. Sometimes the Canelos used their education to take
advantage of the villagers.
While the liaison officer observed the antipathy between the Q'eqchi' and the
Canelos, it seems that he was unaware that Mariano subjugated a subset of the village’s
population. He did this by allowing several families to live on his property in exchange
for their labor, and by demanding the exclusive right to market any cash crops or pigs
they produced. I interviewed two elders who grew up on Canelo’s land and they
remembered the conditions of their residence. One of them was Juan Choc, who was
quoted earlier discussing the history of banana production along the Temash River. Juan
Choc’s father Cirillo, mostly grew up in Crique Sarco and never received a good
education. When he came of age, he married a woman from the village named Rosa
Cucul. Rosa’s mother had died when she was young and subsequently she was adopted
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by Mariano Canelo. It is the Q'eqchi' custom for a young man to live for a while at his
father-in-law’s house prior to marriage to provide labor and prove that he can support his
own household. Apparently, Cirillo Choc decided to make this situation permanent, and
settled his family on Mariano Canelo’s land. Living there came at a cost, however:
“So when he gone and lived there, so now whatever my father produced, if he produced corn, if he
produced pigs, so he has to sell Mr. Canelo the pigs. He wouldn't go and sell it to other people.
And Mr. Canelo would decide how much he would pay for the live weight or for the hundred
pound. He could pay maybe 10 cents a pound or 5 cents a pound. If you go and sell his product to
other people, to other buyers, maybe he could have made double. But due to Mr. Canelo never
liked to do because he say you can't go and sell what you produce over that side. You have to sell
it to me because you're living on my lease. (Juan Choc, December 14, 2007)

In retrospect, there is little logic to this situation because land was still available at
least for subsistence-level, if not market-oriented, corn cultivation. Nevertheless, Rosa
felt an allegiance to her adopted family and encouraged her family to remain on
Mariano’s land, subject to his rules, even though they were unfair and exploitative. They
stayed there for two years but finally decided to try living in another place. Cirillo Choc
and his wife, with a group of five men from Crique Sarco and several families from Santa
Theresa found a place near the Rio Grande River where they chopped high bush, built a
field house, and planted corn. Once they found that the corn was growing well, they built
a larger house and moved there with their families. This village came to be known as San
Miguel.
This account complicates the traditional founding history of San Miguel. Both the
Maya Atlas (Toledo Maya Cultural Council, 1997) and Zarger (Zarger, 2002) report that
San Miguel village was founded by several families from Santa Theresa who decided to
leave that village because of poor quality of its soils and because it was quite far from
markets in Punta Gorda. Neither source, however, include reference that several families
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from Crique Sarco, including Cirillo and Rosa Choc, migrated along with the people
from Santa Theresa and worked with them to form the new village. Zarger does note,
importantly, that San Miguel village was founded only after negotiating with the nearby
and well-established village San Pedro Colombia, and that part of the negotiation
included maintenance of a pig fence to keep San Miguel’s swine contained. In addition,
the former liaison officer recalled in an interview that Father Ulrich, a Catholic priest,
promised to build a stone Church for the people who moved from Santa Theresa to San
Miguel – he joked that the Priest may have been tired of walking into Santa Theresa and
wanted to be able to drive his truck to San Miguel. Adding the Crique Sarco families to
the history of San Miguel’s founding is a minor, albeit important, addendum. This does
not discount the importance of either environmental limits (poor soil quality), or
exogenous factors (the market, or the Catholic priest). But the simple fact the Chocs were
fleeing from a exploitive situation imposed upon the by the Canelos in Crique Sarco,
helps widen the explanatory field for village formation from simple explanations to a
more sophisticated appreciation for intra-village social dynamics.
Juan Choc was born in San Miguel on December 2, 1952 where his family lived
for two years. But then there was a contagious illness in the village that made Cirillo fear
for his son’s life.
“Sometimes two children died for the day [my father] said. Sometimes four children died for the
day. So he said he was scared. He was very scared. And he said he so loved me. So he said
maybe my son will die. So I better move back to Crique Sarco. So that’s why he came back.
Sometimes he said that when they dug hole for the dead body, they have to dig one hole and make
another room beside. In one hole, you put two bodies. Because two persons died in the day, so
they have to . . . it was one hole and just extend the hole on the side. So that's why my father came
back to Crique Sarco….So when he came back, he went and lived back with Canelo again. (Juan
Choc, December 14, 2007)
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The family returned to Mariano Canelo’s land in Crique Sarco where he spent the
rest of his childhood and early adulthood. When he was around six or seven years old, his
parents encouraged him to attend school in the village even though they lived a long walk
from the center of the village. But he was not fond of school, so he skipped classes to sit
by the river until evening when he finally returned home. He attended school up until he
was 14 years old and finally quit to help his father farm. While the family lived on
Canelo’s land, they farmed land on the north side of the river. He recalls working for
Canelo as a child:
“So those times when I started to grow older, like 10 years old, I remember myself good that time.
Mr. Canelo has some orange trees. He had a lot of trees there. We worked for him. We pulled
orange. He go to sell orange to PG. We worked for him without no pay. We just worked like that.
So we got used. (Juan Choc, December 14, 2007)

Along with the Chocs, there were four other families living on Canelo’s land: Andres
Cal, Pablo Cal, Vicente Keh, and Manuel Ackal. Each family had to earn the right to live
there by working in Canelo’s plantation.
“And then he said each of you need to put plantation for me. So you have to put in two days.
Every person has to put in two days, two days, two days until you finish cut the plantation. He
need 30 acres. So we work one week for him. We do his plantation. That was after I come out of
school. I was 14. After some times we got tired. I start to realize that I don’t want to live like my
pa. My father was . . . humbugged [blinded, fooled]. (Juan Choc, December 14, 2007)

Two men who grew up on the Canelo’s land both independently used the term “slave” in
reference to the labor they were required to do while living there.
Juan married his wife Susanna Bo at age 18. She came to live with him downriver
on the Canelo land but their family was very poor and never had any cash to buy
household goods. She told him that he needed to buy clothes and other necessities for her.
Juan agreed and felt this it was “stupid” that he could not afford to do so. It was during
this time Juan became increasingly frustrated at having to work for Canelo and eventually
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came to understand that they were being exploited by him. A year later they decided to
move into the village. His father objected fearing that Canelo would get upset, and he
was right. When the time came to harvest corn, Juan told Canelo that he would not work
and that he was going to move into the village. Canelo was very upset and yelled at him
“like a boss”, but ultimately there was nothing he could do. Once Cirillo finally realized
that Juan was serious about moving, he went along and they built the house together. The
whole family moved from Canelo’s land freeing them from the burden of extra labor.
The story of the Canelo family and their efforts to rise above the local Q'eqchi'
population adds ethnographic detail to the history of Crique Sarco and highlights
historical social differentiation within the village. Clearly, Crique Sarco does not conform
to the stereotype of an isolated indigenous population practicing subsistence-based
swidden agriculture. But to gain an even clearer sense of how the village fared amidst
these social and economic tensions, we should return to see how the village as a whole
tried to recover from the collapse of the banana industry in the 1940s and thereafter.
Pig production along the Temash River
After the demise of the local banana market, Crique Sarco shifted to pig
production as their sole source of cash income. Wilk reports that the pigs were cultivated
for the export market from about 1918 to 1938, with a hiatus until 1948 (Wilk, 1997:67).
The opening of the pig market in the 1940s does not appear to have been driven by the
actions of a single company, as in the case of United Fruit, but rather initiated by the
appearance of several independent swine markets in Punta Gorda, Guatemala and
Aguacate. Pigs raised in Crique Sarco were driven overland along footpaths at great cost,
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or by dory downriver at great cost and risk. Although in my interviews there were
obviously no direct accounts or stories of the Crique Sarco pig market in the 1920s, the
transition into ‘pig economy’ in the 1940s and 1950s was remembered by several. One
recalled,
Then after that [the collapse of the banana industry] they started to raise pigs. But even then pigs
was very cheap. They say that banana was very good because of very good income. But after the
disease has come in, so they quit working on banana and they start to work on pigs. (Juan Choc,
interview)

After 1938 and the failure of the banana industry, Crique Sarco had several
difficult years. Ultimately, pigs played an important role in the village’s recovery, but the
extent to which they helped or harmed its recovery is open to debate. I will return to
discuss the 1940s in a moment, but first it is important to fast-forward to December 1952
when a British land use survey team arrived to survey the Toledo District. The team was
commission in 1950 by the Committee for Colonial Agriculture, Animal Health and
Forestry Research to conduct rapid survey of the colony’s soils and lands with the stated
goal of “determining the right use to which land should be put” (Wright & others,
1959:6). The resulting report, Land in British Honduras, remains one of the most
frequently cited land use surveys conducted to date. This project is important to the
discussion of Crique Sarco in the 1940s because the team documented conditions in the
village up to and during their work. When they arrived in Crique Sarco in 1953, they
noted the following:
“Pigs were assuming the role of a cash crop with the Kekchi…the success attendant upon this type
of farming had led to a great increase of the pig population of the villages and almost every farmer
was now growing twice the acreage of corn formerly grown (9 acres in place of 4 to 5 acres), in an
effort to build up his family fortunes. Until 1950, when the adoption of a 'pig economy' became
general, the traditional method of growing corn and beans had remained more or less unchanged.
Pig raising implied the introduction of a new and very profitable cash crop into the framework of
traditional agriculture.” (Wright & others, 1959:129-30)
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A second situation was found to be developing at the same time. It was nothing less than a gradual
de-population of the area. In a way, it was connected with the 'hog economy' for the extra work
involved in feeding large numbers of pigs and the reduction in the amount of corn available for
domestic use was causing a good deal of concern in all the villages. In two successive years there
had been a very lean month indeed when the previous year's corn had run out before the new corn
crop was ready for harvest. The menfolk were becoming increasingly anxious to move the villages
nearer to the markets. Even a good number of the womenfolk, the more conservative element,
were convinced and, one by one, families moved from this sub-region and settled in the
reservation lands near San Pedro Columbia and San Miguel Rio Grande, some 40 to 60 miles to
the north-east. During 1952, some villages were completely depopulated while others lost up to
half their families. (Wright & others, 1959:130)

At nearly the same time that the survey team arrived in Crique Sarco another
pivotal event occurred. The colonial government assigned a Liaison Officer to the
Q'eqchi' to teach modern health, sanitation, and agricultural techniques (Nunes, 1977).
Unlike many other colonial officials, the Liaison Officer decided to live among the
people and adopt their way of life. He built a Q'eqchi'-style house in Crique Sarco,
learned to speak fluent Q'eqchi', and gained the trust of the villagers. Over the five-year
duration of his contract, Crique Sarco became the administrative center of the central
Toledo District. During his tenure, he brought several developments to the village
including the cultivation of coffee and citrus, improved pastures, village management of
an agricultural cooperative, and responsibility for the care and maintenance of a large
dory which villagers used to transport fruit34 to Stann Creek and pigs to Punta Gorda and
Belize (Wright & others, 1959:129).

34

After the demise of the banana industry in Stann Creek District farmers there began to
cultivate citrus (Moberg, 1996). This industry ultimately turned out to be more successful
than bananas and remains the dominant economic activity there today. People in Crique
Sarco presumably knew of this economic transition and wanted to take part in it,
harkening back to the affluent banana days. There was little report in any oral history
interviews of substantial citrus production in Crique Sarco.
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The liaison officer lived in Crique Sarco for six years before moving to Machaca,
which is now on the main road to Punta Gorda (he house he built is now the site of the
Forestry Offices). During his tenure he oversaw a dramatic reformulation of the normal
Q'eqchi' way of life, in which the Q'eqchi' are reported to have participated in wholeheartedly (Wright & others, 1959:129). Surprisingly, this even included the construction
of an airstrip on the north bank of the Temash River. When I interviewed the former
liaison officer about this airstrip, he reported that he and the villagers had built it by hand
but that he regretted failing to arrange for a kerosene tractor with a bush ho gad a roller to
aid in its construction. He said that the project was less successful than he hoped, and that
the strip had been used 15-20 times; the pilots who landed their were terrified of it, as he
would have had he know better at the time.
Beyond generating amusing anecdotes such as this, “the main object in appointing
this Officer was to try and advance the agricultural thinking of the Indians so that they
may playa full part in the agricultural development that must inevitably come in this part
of the country” (Wright & others, 1959:283-4). This “scheme” (Wright’s term) involved
gaining the people’s trust, identifying their problems, and then showing them how to
overcome their problems. The focus of the solutions offered was technical and for
obvious reasons, the material assistance offered all fit into the British development
model. For instance, one of the problems which prevented the Q'eqchi' from developing
was their inability to move their product to market. The liaison officer arranged for the
village to receive a large boat, names Cahunil, which was capable of transporting citrus
and pigs to markets in Punta Gorda and Stann Creek (Nunes, 1977:30). But the village
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had never managed such an expensive asset on its own and it required ongoing
maintenance. The banana transports were provided and maintained by United Fruit, and
so the liaison officer helped the village create a cooperative to provide these services for
the Cahunil. By expanding the village’s control over the means of production, the liaison
officer hoped that they would accelerate through the transition to become settled and
permanent farmers, as “the Kekchi are showing a commendable desire to settle down and
become ' permanent farmers” (Wright & others, 1959:283).
Of course the evolutionary teleology upon which colonial administration relied
failed to secure the desired transition. In his discussion, Nunes describes why he thought
the transition failed:
Changing the milpa system for fixed-plot farming was not a simple technical one. It was a cultural
change that had ramification for several aspects of Q'eqchi' system. It was not just a change of
production style; it was far more – it was a change of one lifestyle for another. (Nunes, 1977)

While true, the failure of these efforts can be identified with more precision. The
Q'eqchi' are remarkably willing at changing ‘lifestyle’ – when it does not threaten their
existence. But the shared goal of the land use survey team and of the liaison officer was
to fundamentally shift Q'eqchi' land use practices from swidden agriculture, which relied
on open access to common property, to private property and intensive agricultural
techniques. And this transition was too quick, too difficult, too threatening, to the their
ability to return to subsistence agriculture should their experiments at market engagement
fail. Nunes used this historical account of the liaison officer’s work in Crique Sarco to
illustrate how development efforts can fail when indigenous institutions are ignored and
when little attempt is made to strengthen them and use them to introduce change (Nunes,
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1977). However, it seems more likely that any short-term attempt to use Q'eqchi'
institutions to accomplish a transition to private property ownership would also have
failed.35 This is because most Q'eqchi' institutions, their labor groups, kinship structures,
compadrazgo, alcaldeships, confradia systems and animistic beliefs, are all related to
some extent to their historical dependence on the forest for subsistence. The social norms
and institutions needed to mediate their relationship to the market economy were there,
they just went unnoticed by the liaison officer, or by Nunes.
The population of Crique Sarco was fifteen families in 1953 and then grew to
sixty families by 1959 when the liaison officer departed the village (Nunes, 1977:17).
Nunes correlated this demographic growth with the economic development of the village
and specifically, the presence of the Cahunil, which served as a critical link between the
village and Punta Gorda. To ensure the ongoing maintenance of the Cahunil after his
departure, the liaison officer left it in the care of a local shopkeeper, “a Mestizo”
(Nunes, 1977:32). This could only have been Mariano Canelo, Leoncio Canelo’s son.
Under his care, the boat served for two years, but then needed repairs. The village raised
part of the money needed to pay for its repairs, but ultimately the boat was abandoned in
Punta Gorda. Nunes wrote that “Crique Sarco had lost its ‘guiding spirit’ with the
relocation of the liaison Officer and two years later its only form of commercial
transportation with Punta Gorda became useless. It was the combination of these two
elements - the Liaison Officer and the boat – that had broken the decline or the village in
35

Indeed, this continues to be the central political problem in the Toledo District in 2008
as various villages, NGOs, and the Belizean government battle over community borders,
oil development, logging, and community property rights.
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1953” (Nunes, 1977:33). In interviews, the liaison officer revealed that he knew that his
efforts developing Crique Sarco was not successful over the long term. He revealed that
the most rewarding part of his time in Crique Sarco was not his work developing the
village, but rather the immediate impact he had on improving the health of those living
there. In any case, the immediate result of his departure was more emigration from the
village, with some families moving closer to the road, and others moving with the liaison
officer to a new settlement in Big Falls.
But is Nunes correct to credit the village’s rapid demographic growth during the
1950s with only the liaison officer’s development efforts? Or does this omission place
too much emphases on the agency of the western outsider, while diminishing that of the
villagers living in Crique Sarco? In an interview, he credited himself with bringing the
cash economy to the village, and in doing so, basically destroying the village by
encouraging overproduction. But as the previous discussion of the Cramer Estate and the
Temash banana market clearly indicate, the cash economy had long been established
even in the remote parts of the Toledo District.
To gain a different perspective on this question, we can return to the church’s
birth and baptism records (Figure 6). It is clear from these that Crique Sarco’s
demographic nadir was 1943 when there were no recorded births or baptisms.36 There are

36

Of course, it is possible that the priest failed to visit the village in this year, or that
fewer trips were made throughout the year. I have learned that there are records, currently
unavailable, of all the priests that have ever worked for St. Peter Claver Parish in Punta
Gorda. These would indicate the Parish’s staffing levels and might shed light on whether
there were internal factors affecting the observed patterns. I hope to pursue these records
during subsequent fieldwork.
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no recorded births at all between 1940 and 1944. After 1944, however, the village begins
to see an increase in births until 1947, followed by three years of declines until 1950.
From 1950 to 1952, the year before the arrival of the land survey team and the liaison
officer, births rise from two to nine, which is consistent with Wright’s statement about
the beginning of a ‘pig economy’. Then there is a severe drop in births between 1952 and
1953, which is also consistent with Wright’s reports. Finally, consistent with Nunes’
accounts, there is a steady increase in births from 1953 through 1959, followed by a steep
drop in 1960.
However, there are also two patterns in the church records that are not consistent
with Wright’s and Nunes’ accounts. First, the village’s demographic recovery appears to
begin in 1944, and while it slowed after 1947, the village seems to find a way to subsist
after the ‘banana economy’, and prior to the ‘pig economy’. Second, the collapse of the
village after the liaison officer’s departure in 1958 is short-lived, returning to relatively
stable levels between 1960 and 1970. These two observations suggest that Wright may
have overstated the severity of the demographic collapse associated with the period 19441953. Also, the long-term impact of the liaison officer at least on demographic patterns
may have been overstated by both Nunes and by the liaison officer himself.
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Figure 6: Crique Sarco birth history 1930-1970
The socioecology of pigs
Although introduced by the Spanish, pigs historically play an important role in the
Q'eqchi' household economy. Their socioecology is quite elegant and well documented
by Wilk (Wilk, 1997; Wilk, 1981). The Q'eqchi' insulate themselves from hunger by
feeding corn and other agricultural surpluses to their pigs, and if a crop fails to produce or
during other emergencies, pigs can be slaughtered and eaten or sold for cash (Wilk,
1997:140). Pigs are kept in pens near the house and let out to forage on their own during
the day. Generally, pigs are fed corn, but my research found that they are frequently fed
cassava in Crique Sarco (also noted by Schackt [Schackt, 1986]). During the day pigs
forage up to three miles from the village, and while they muddy footpaths, they keep
underbrush low and sometimes even kill poisonous snakes. Many Q'eqchi' villages lack
latrines, and pigs help maintain sanitation by consuming human waste. If they are fed
regularly, pigs will return home at night, but during times when corn is in short supply,
pigs can survive for periods for several days or more on their foraging activities.
Sometimes pigs cause tension between villagers when they invaded nearby fields, or
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more often, when a farmer uses his machete to defend his field from another farmer’s
marauding pig. The Q'eqchi' usually prefer to keep a larger number of small pigs (~45kg)
because it reduces the household’s vulnerability to the death of one larger animal, and
also because it provides more opportunities to slaughter animals without wasting meat.
Some have criticized the Q'eqchi' as “willing and able farmers but poor mathematicians”
(Wright & others, 1959:128) because the amount of corn fed to the pigs could
theoretically be sold on the market for more than the pigs is sold for. But as Wilk points
out, pigs serve as “banks” which can be used when a family is struck with a wide range
of environmental, social and economic misfortunes. “Corn and pigs are important
because they have provided an effective means of moving back and forth between
subsistence production and cash crop production without being committed to either one”
(Wilk, 1997:140). The ‘pig economy’ is an agricultural strategy, which works in
conjunction with swidden agriculture to increase the household’s resilience to social and
environmental stress, more than a corn-based economy alone.
The slight rise in the number of births between 1943 and 1947 suggest that the
village had begun to recover probably by returning to the pig-economy, a full eight years
before the arrival of the liaison officer. This pattern is particularly clear in Figure 6.
Nevertheless, the 1952 exodus to San Miguel and other northern villages documented by
Wright and remembered by village alders undoubtedly occurred, as did the emigration
events after the departure of the liaison officer in 1959. While Wright and the liaison
officer’s desire to introduce western-style development to the village was too easily
rationalized by them as a superior alternative to the ‘traditional’ but inefficient pig
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economy, it is also probably true that returning to a pig economy would not have secured
the villages long-term recovery.
In the 20-year period after the end of the banana economy, Crique Sarco
experienced three brief period of demographic growth, and three corresponding collapses.
Two of these were cycles were endogenous, while the third was stimulated by the efforts
of the British liaison officer. None of these efforts secured a short-term stabilization of
the villages demographic growth. This suggests that there was some fundamental
problem, which could not be solved either by a time-tested pig-economy, or by novel
agricultural techniques. The most likely remaining explanation is that overproduction for
the banana market degraded local environmental condition to such a point that soils were
not productive enough to sustain even the normal Q'eqchi' pig economy. The liaison
officer, with access to government resources, probably offered the best chance to stabilize
the village, but even those techniques were unable to compensate for the land’s depletion
after the banana boom.
Most scholars agree that the Q'eqchi' are eager to engage with markets when they
are available, but also willing and able to return to subsistence patterns, including the ‘pig
economy’, when those markets evaporate. The analysis presented here supports this
conclusion. The major revision to previously histories of Crique Sarco is that the welldocumented demographic problems suffered in the early 1950s should be attributed to
overuse of the land instigated by the expansion of the United Fruit Company into the
Temash region, rather than undo environmental exploitation due to the ‘pig economy’.
This is an important distinction because it shifts blame for the degradation of Crique
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Sarco’s forests from local farmers raising pigs using a sophisticated socioecological
strategy, to United Fruit Company, a monopolistic American corporation which
knowingly extended it’s marketing along the Temash River well after its leaders were
aware that the industry was unsustainable. This incursion should properly bear
responsibility for the population crashes seen in Crique Sarco after 1938. In addition to
underestimating the negative impact United Fruit had on the Temash River communities,
previous histories also overemphasized the impact the British liaison officer had on the
village. The modernization he brought to Crique Sarco had little long-term impact, as he
himself acknowledges. But this failure was not due to his failure, but rather because the
forest’s ecological resilience was undermined so dramatically by banana cultivation that
even modern agricultural techniques could not compensate.
Conejo Creek village
Crique Sarco is somewhat unique because its history is quite well documented for
a remote Q'eqchi' village, but less is known about the other villages in the southern
Toledo District. One of these is Conejo Creek. What is known is that it is an off-shoot, or
daughter village, of Crique Sarco, and therefore it is important to this discussion. The
following history of Conejo village was recalled in an interview with Perfecto Makin, a
life-long resident of Conejo, and the grandson of the founder of the village. his
grandfather, Jose Makin, was from San Pedro Karcha, Alta Verapaz. He came to Belize
by dory when he was a young man, probably in his early twenties. The Maya Atlas
reports that he founded the village in 1907 (Toledo Maya Cultural Council, 1997);
however, this date is probably too early when considered in the context of the history of
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Crique Sarco, just discussed. Jose Makin left Guatemala arriving in the coastal Garifuna
village of Barranco, which at the time had only two houses. The people living in
Barranco suggested that he paddle up the Temash River to Crique Sarco, where he might
find a place to live. Makin followed this advice and arrived in Crique Sarco where he
lived for one or two years. His grandson could not explain why he left Crique Sarco, only
that he “never liked the place.” Why this is so, warrants some cautious speculation,
although no firm conclusions can be drawn with certainty. One day he was on a hunting
trip with his friend, and they followed a wari for a long ways until they encountered the
place that would eventually become Conejo Creek village. Today, as then, behind the
village there was a large limestone mountain outcrop and a nearby creek that flowed into
the Temash River. While chasing the wari they found this place and marked it so that
they could return to it.
If the dates established above for the founding of Crique Sarco are to be believed,
the founding of Conejo must have been shortly after Crique Sarco, and probably while
the Steinbrugge bothers were operating their lumber operation. While it is little more then
educated speculation, the date probably falls sometime in the early in the 1910 during the
rapid expansion of the Crique Sarco. Why did Jose Makin not like Crique Sarco? Again,
it is little more than speculation but perhaps it had something to do with the presence of
the German logging operation. Makin may have had knowledge of the German coffee
operations in Alta Verapaz, having recently arrived from Alta Verapaz. It also may have
been related to the presence of Leoncio Canelo, a Guatemala army officer, in Crique
Sarco. Crique Sarco was no doubt recently formed, and village’s subsequent
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demographic growth suggests that land was abundant in the early 1910s, so it seems
unlikely that Makin would have been unable to find a place to farm. Thus, the complex
political situation in Crique Sarco and his recent departure from Guatemala may provide
a better explanation for his choice to start a new village at Conejo Creek.
Perfecto Makin remembered a time when he was a boy when bananas were
cultivated extensively in Conejo Creek. The banana fields extended three kilometers west
to where Sundaywood village is now located. He reported the banana plantations at
around 1940, slightly later perhaps than the interviews in Crique Sarco suggested, but
within the margin of error for human memory.
Machakilha and Graham Creek villages
From the 1950s onward much of the demographic growth in the Toledo District
occurred in the northern area. The southern villages including Crique Sarco, Dolores, and
Santa Theresa served as the point of origin for new settlements, much like San Miguel. In
addition, cross border migration along the western border also fueled the growth of the
northern part of the district. It is, however, beyond the scope of this project to cover these
villages and their founding events in historical detail. So the analysis must skip forward
approximately thirty years to explore the founding of Machakilha , Graham Creek and
Lucky Strike.
Dolores village is located entirely on private land and this characteristic appears
to be a driving factor in the departure of significant numbers of families. In the early
1980 the current owner of the Dolores Estates began cultivating pepper plants, but was
discouraged by the number of pigs and chickens that invaded his fields. Because he
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owned the land, he came into the village and reportedly shot several pigs. He demanded
that the Q'eqchi' living there stop raising pigs, chickens, and also stop milpa farming.
Clearly this was not possible given the lack of alternative livelihoods, and so several
groups formed within the village and planned to leave. The groups divided along
religious lines, with Catholics and Protestant working independently to find new places
to live. Interviews with the founders of two villages that resulted from this split suggest
that there were at least three which considered leaving, two headed for areas to the east,
and one group to the Chicibul region to the North. Only two of these groups were
successful, those that went on to create new settlements named Machakilha and Graham
Creek.
Machakilha village
After the trouble with the Dolores Estates owner, the alcalde from Dolores
petitioned the Government for land for a new village, intending that all the families in
Dolores would relocate. The government surveyed a 2,000-acre tract about halfway
between Dolores and Crique Sarco, which is still marked with concrete pegs. In the
winter of 1983 ten families moved from Dolores to the new location. The village
prospered for several years, but soon problems began. Some people from Crique Sarco
claimed that the farmland where Machakilha was located actually belonged to Crique
Sarco. Eventually the Crique Sarco alcalde was dispatched to Machakilha to arrest
everyone who lived there, which of course, he of course was unable to do. A month later
Prime Minister George Price came to Crique Sarco and some men from Machakilha went
to see him. The Crique Sarco alcalde took the opportunity to try to arrest the men because
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he was unable to do so during his previous trip. At that time there was an active police
station in Crique Sarco, and when a big fight ensued, one of the policemen was badly
hurt. The three men from Machakilha were taken to jail in Punta Gorda where they were
beaten and had to be taken to the hospital. Eventually the Area Representative
investigated the matter and found the Police had started the fight, and only made the men
from Machakilha pay for the damage done to the police uniforms.
After the incident with Crique Sarco, Guillermo Ikal decided to move Machakilha
village to a new location. He went about 5 km southwest, to where the village is currently
(Figure 1). He stayed there for five months while he chopped a new milpa. After the corn
was growing and he began to clear the next field, the village began the process of moving
from the old location. Unfortunately for the villagers, the new location was again back on
private land and part of the Dolores Estates. An attempt was made to change the village’s
name of to Hicatee, but there continues to be some confusion about the preferred name of
this village. I was told very specifically during fieldwork that the village’s name was
“Machakilha ” as the placard above the school clearly indicates (Figure 7). However, the
Maya Atlas lists it as “Hicatee” (Toledo Maya Cultural Council, 1997). I suspect that I
was told “ Machakilha ” because the villagers are hoping to maintain the close historical
connection with the original village location, which was approved and surveyed by the
government.
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Figure 7: Machakilha School.
Graham Creek village
Alberto Coc first visited the area where Graham Creek is now located fishing with
his uncle when he was living in Dolores. Later he moved to Crique Sarco where he lived
for eight years, and he hunted and fished in the same place, south of Crique Sarco and
close to the Guatemalan border. After he moved back to Dolores and the trouble began
with the landowner around 1983, he decided he needed to find a new place to live. He
lived for a while in Machakilha, where he had a daughter in 1988. Sometime after that
converted to that Protestant church and his records were no longer recorded in the
catholic parish records, but it seems he must have moved back to Dolores, because he
reported that a group of Catholics from there petitioned the government to let them move
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to the Chiquilbul area. He and his family were not allowed in that group, however,
because they were Protestants.
Some years later, Alberto Coc decided he had to find a new place to live. A friend
in the Belizean Defense Force showed him a map created as part of the ESTAP
development project37 which indicated that the Graham Creek area was outside the
perimeter of Dolores Estates land. It was surrounded by water which was good for milpa,
rice and matahambre farming and also provided access to the Sarstoon river and markets
in Cardenas. He decided it would be a good place to live. In interviews he emphasized
that it was very important that the new village not be located on private land, and indeed
the center of Graham Creek is now about 2.5km from the border of Dolores Estates land.
The area had been inhabited before. Old maps (Schackt, 1986) of the area show a
deserted village with the same name, Graham Creek slightly to the east of the current
village center. On June 25, 1998, the proposed village was inspected by officers from the
District Lands and Survey Office and a document produced by their office the next day
acknowledging the visit. Officers took GPS points, recorded their observations of the site,
and took a census of the incoming residents. The village center was cleared, and that
three houses were under construction under the direction of Alberto Coc, the alcalde.
There were nine people in total working to create the village that day and another eight
were expected to arrive later and form the village. In total there were to be sixteen
families and a total population of 95 people.
37

Environmental and Social Technical Assistance Project (ESTAP) was designed to
increase the speed at which the most depressed areas of Belize were developed. (Press
Office, 2001)
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Graham Creek and Machakilha were founded initially because of the series of
historical events leading to the location of Dolores village on private land. This gave the
land owner the power to exert pressure on Dolores residents. The land surveyed for the
first location of Machakilha was intended to relocate the entire population of Dolores, but
in fact, only a small subset of the village finally moved because the religious difference
precluded the entire village from moving en masse. It is important to emphasize that the
poor agricultural fertility was not mentioned as a reason for founding either Machakilha
or Graham Creek. The only indication that limited farmland instigated creating a new
village was when the land surveyed for Machakilha first location was placed too close to
lands actively farmed by people from Crique Sarco. When conflict ensued, the village
was forced to move back onto private land, but sufficiently it was sufficiently distant
from Crique Sarco’s resource basin that inter-village politics were placated.
Lucky Strike village
The most recent village in the southern Toledo District is Lucky Strike. It was
founded by Lucas Chub and his family. They originally migrated from Otoxha to Crique
Sarco in 1975 to work for the Exxon oil company which was hiring local workers to help
in seismic testing to locate underground oil reserves. In 1997 Lucas Chub was village
chairman and an organization held a meeting in Crique Sarco to discuss establishing
private leases near the village. Many in the village were in favor and suggested that the
leases be located on the eastern border between Crique Sarco and Sundaywood village.
The effort to secure these leases ultimately failed, and in 2000 Lucas Chub again tried
again to obtain a lease. This time he was successful and he was given approval to begin

227

surveying from the Government. In 2004, the first thing he did was to farm the land. The
next year he went to the Crique Sarco alcalde to ask permission to move his family to the
new location. The alcalde posed two important questions to him: where will his children
go to school, and who will bury people who will die in at their new location. The second
of these is particularly interesting because it is normally the alcalde’s responsibility to
bury those who die in a village, and identifying who would do this at the new location
was an important factor in determining the status of the new settlement. Lucas responded
that they would send their children to Sundaywood village, because that school was
closer than Crique Sarco, and that they would find some way to bury their own dead.
Taking responsibility for burying their own dead is a symbolic move which distinguishes
the family’s move as the creation of a new settlement. With the alcalde’s permission
secured, he also asked the village chairman, who also did not object. In 2005, one year
after initially cultivating the land, the family moved from there from Crique Sarco. The
village was named “Lucky Strike” by Lucas Chub Jr., to reflect the fact that the family
was striking out on their own (and is not in reference to the famous cigarette brand).
So why did Lucas Chub move his family to Lucky Strike? In moving from the
ethnohistorical past to the ethnographic present, we can come to more concrete
conclusions. The story requires, however, a little more background into Lucas Chub’s
life. In 1975, he worked directly for man who was ran the Exxon seismic crew. His boss
‘liked him’ and so he made a good salary and had a relatively easy job managing the
workers who handled the explosive charges used in seismic testing. The job lasted a
relatively short period, only about six months. But with this job behind him, he realized
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he could achieve a better life for his family and he capitalized on his experience. This
was a pivotal moment in his life. He took note of the chainsaws used by the seismic
crews and after they left he invested his wages in one. He also bought a motor for his
dory and started a petty shop. In doing this, he entered directly into competition with
Reuben Canelo, Mariano Canelo’s son, who during that time ran the only petty shop in
the village, and offered the only regular motorized transportation to Punta Gorda.
Around 1985 the Chubs began investing in another cash crop, rice. His family
was growing at this time and they bought horses and a mule to help transport the rice to
market. Conditions were improving for his family now, and he began to become actively
involved in village life. Over the next decade, he served as a community health worker, a
construction manager running a 15-village project, and Crique Sarco village chairman.
He traveled to the United States to receive training in community leadership and
problem-solving, for which he received a certification, and was trained by the British as a
dentist. In the early 1990s he worked with Kirathimo International, a Canadian non-profit
organization38, to improve health resources in Crique Sarco. With their help he obtained
an ambulance boat for the village.
When the Belizean government began extending the road to Crique Sarco around
1995, Lucas began to plan what to do when the road was complete. He decided to stop
running his dory service and to run a bus service. It was an prescient move on his part
because he knew that the road would dramatically change transportation patterns in the
village.
38

Kirathimo is now also known by the name NIGH world.
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So that’s what happens during the year 1991-1992. From 1992 to 2000. When this road was being
start to built in 1995, 1998 they were pushing little by little until 2000 it was completed. And
quickly I decided I stop to run a dory, I will run a bus. It is from that time I begin to plan what I
would do when the road comes. So that’s what I did. I didn’t do this by myself. I do this with the
help of my other brothers. At that time we looked for loan….but we can't get, we couldn’t get.
When we go to the bank, they want land paper. But we don’t have no land paper. We only live on
a reservation. And from that time I decided to apply for land. But I could not get through with my
application until 2003, when I got the permission to survey the land where I have now. [Pause] …
I started to run the bus [in] July of 2000. (Lucas Chub, December 11, 2007)

Lucas was the first person in Crique Sarco to own a vehicle, but it was not easy to obtain.
He ran into a problem obtaining credit faced by many contemporary Q'eqchi' living on
government or communal land:
S: So how did you get your first bus, if you couldn’t get a loan?
L: Well, like I told you, we continued with our rice farming. We decided to put up a rice
farm…rice plantation. So we collected almost half of the money, and then some friends of
mine…they always some here in Belize from the States, and they almost put up half of it.
S: Is this the Menomonee that you told me about?
L: No, it’s the doctors, they come every year. They call themselves now Tejas Mission.
S: Are these the ones who build the guest house in Crique Sarco?
L: Mmhm. So they decided to help me. So thanks god for that.
S: Did they give you a loan?
L: It’s a grant. So I appreciate it. Well, that’s the only way that I could start it.
(Lucas Chub, December 11, 2007)

With the help of the American Protestant mission he was able to by his first bus.
Ultimately, one of the main reasons Lucas Chub decided to settle Lucky Strike was
because the government never completed the bridge that would have connected the road
to the village center. In lieu, all villagers had to paddle a dory across the river to get to the
road, a prospect that can be quite dangerous during the rainy season. For Lucas this also
meant that he would have to leave his bus unattended each night and awake long before
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dark to prepare it for the service. Thus, creating a new settlement at Lucky Strike had two
practical advantages; it provided easy access to the road for his bus service, and living on
land slated to be distributed as lease positioned Lucas Chub to use the land as collateral to
obtain credit with which he could purchase a bus.
To explain the Chub’s founding of Lucky Strike as a by-product of the era of
modernization and the introduction of a credit-based economy belies the insight these
events provide into contemporary rural Q'eqchi' life. The first observation is the historical
tension between the Canelo family and the village of Crique Sarco as a whole, and the
Chub family specifically. When Lucas Chub arrived in Crique Sarco he was given a
privileged job which gave him access to technology and capital which challenged the
historical advantages the Canelo family had attempted to maintain since Leoncio first
arrived in the village. Lucas did not shy from challenging the Canelo family in providing
transportation services to the village, initially with his motorboat. Moreover, Lucas
strategically planned to use the completion of the road-building project to gain a strategic
advantage over his competitor in providing access to Punta Gorda via a bus-route rather
than the soon-to-be-defunct riverboat route.
What is fascinating about the founding of Lucky Strike, in addition to its
historical relevance, is how the Chub family actually executed the process of moving to
the village. The pattern they followed entailed initially clearing and planting a field and
then moving to the new village after consulting with village leaders, and was nearly
identical to the process of founding of most Q'eqchi' villages despite the families deep
involvement with markets. At the end of our interviews, I posed this question directly to
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Lucas. He chuckled, and said, yes, it was true. While Lucky Strike may have been
founded under modern conditions of involving privatized land modern roads, the Chub’s
behavior was based on a long and successful behavioral template for founding new
Q'eqchi' villages.
Catchment analysis
The history of market incursions into the Toledo District is highly suggestive that
exogenous factors were overwhelmingly responsible for driving Q'eqchi' settlement
patterns. But it is also important to clarify the relationship between the Q'eqchi'
population and the amount of land for farming. Few would argue against the hypothetical
proposition that swidden agriculture can be sustainable when population growth is low
and land is abundant, so a clearer picture of this historical relationship would provide
further evidence that markets were overwhelmingly responsible for instigating the
population movements and subsequently increasing deforestation rates.
Catchment analysis can be used to understand the relationship between humans
and economic resources like the forest, and in this case it is based on the idea that
swidden activities are circumscribed by the time and effort needed to access distant forest
resources (Roper, 1979; Vita-Finzi & Higgs, 1970). While each implementation differs,
the procedure usually involves delineating an area within which a human population
accesses resources, and comparing the availability of specific resources to the size of the
human population. Catchment analysis is commonly used in archaeology, and it has
previously been used to analyze contemporary Q'eqchi' swidden activities (Wilk, 1997).
Wilk examined six villages (two of which are also included here) using soil maps and
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proximity to drainages to estimate per capita availability of soils of various qualities
within a 5km radius. His results found that in 1979 more land was available in the
southern parts of the Toledo District than in the north. Attempts are made here to make
these new results comparable to Wilk’s, but the current analysis differs somewhat. It
focuses exclusively on the southernmost villages, and available land is simply assessed at
a rate of 7,850 Ha per village39 regardless of soil type or proximity to drainages. But the
most important difference is how population data is applied; Wilk used censuses
collected between 1978-9 in each village to estimate the amount of land available per
person at one point in time; in contrast, the catchment analysis presented here explores
how per capita land proportions change through time, and how they interact with a
village resettlement history. Census counts from 1891, 1910, 1911, 1921, 1931, 1936,
1966, and 1980 are plotted and intervening population counts are interpolated under the
assumption of linear growth or decline. All census data are from Wilk (1997). Available
swidden land is calculated at a rate of 7,850 Ha per village for each year, 1891-1980. The
annual per capita proportion of available land is the total available swidden land divided
by the inferred population. The results of the catchment analysis are presented
graphically Figure 8 and are summarized by decade in Table 2.

39

The number of hectares within a 5km radius circle.
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Figure 8: Southern Toledo District catchment analysis and resettlement history, 18911980. The total amount of available land, indicated in red, is calculated based on the
number of settled villages each year throughout the period (these are identified in Table
1). New villages increase the total amount of available land for swidden, while
abandonment causes a decrease. New village settlement events can be identified in this
figure as rapid increases in the total available land, followed by a plateau. The blue line
indicates the per capita land allocation based on the estimated population and the total
available land at that point in history.
Table 2: Catchment analysis summarized by decade.
Decade
1890-1899
1900-1909
1910-1919
1920-1929
1930-1939
1940-1949
1950-1959
1960-1969
1970-1979

No. Settled
Villages
2.0
2.0
4.3
5.8
6.7
6.0
6.8
7.0
7.0

Total available land (Ha)
15,700
15,700
33,755
45,530
52,595
47,100
53,380
54,950
54,950

Population
(Est.)
268.8
304.0
360.0
414.2
358.8
336.6
352.6
375.7
491.9

Land per person
(Ha)
58.5
51.7
93.1
109.9
148.3
140.0
151.3
146.5
112.6
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The null hypothesis is that ecological carrying capacity has driven Q'eqchi'
settlement patterns in southern Toledo. If this were the case, one would expect to see a
correlation between decreasing per capita land proportions and budding events, and
anything other than this would constitute grounds for rejecting the null hypothesis. From
1890 to 1920, population grows by about 100 people in two settled villages, and a
decrease in per capita land can be observed. This pattern is what one might expect if the
population was approaching ecological carrying capacity, and accordingly three
resettlement events, Crique Sarco, Otoxha, and Conejo follow it. After 1920, population
begins to fall and for the next fifty years, the per capita land proportion is significantly
higher than the first two decades of the century.
In the context of the preceding historical narrative, however, ecological carrying
capacity seems less likely. Crique Sarco was settled at least partially in response to the
new Steinbrugge logging operation, and while land pressure caused some to leave
Dolores for Otoxha, this was because Dolores Estates was private, and could not be
farmed without the owner’s approval, so the three resettlement events between 1910 and
1920 actually seem like a disproportionate response to a relative small increase in the
regional population. This conclusion is supported by continuing increases in the per
capita land proportion from 1920 to the late 1930s. Under the null model, we would have
instead expected to see a return to population growth, given the newly available
resources, and a concomitant decline in per capita land proportions. Instead, we see the
settling of K’expecilha, making even more land available for swidden, unnecessarily
from a carrying capacity point of view. The 1920s and 1930s also saw a slowing of
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operations at the Cramer Estates, but it includes most of the UFCO banana operations
downstream from Crique Sarco, including reports of many non-Q’eqchi’ workers in
Crique Sarco. While it is unknown whether these temporary workers were included in the
1931 and 1936 census, it is unlikely that their subsistence needs were being met with
swidden, as ethnographic reports suggested that they preferred to eat tinned foods.
Nevertheless, two additional Q'eqchi' village were settled during 1922 and 1932,
respectively. In 1936, K’expecilha is abandoned, an event that actually reduced the
amount of available swidden land; after only fourteen years, it is unlikely that farming
there would have reached environmental limits, and if population pressures were high
enough this established village should have been quickly reoccupied. This does not occur,
however, reinforcing there was plenty of land available for swidden, and from this time
until the founding of San Miguel in 1952, the per capita land proportion reaches its
highest levels of the twentieth century. From the nineteen fifties onwards, there is a slow
increase in the regional population but there are no more resettlement events in the
southern part of Toledo until the 1980s.
Overall, the catchment analysis allows rejection of the hypothesis that ecological
carrying capacity drove historical village resettlement in southern Toledo. While there do
appear to be two points early in the century when decreasing per capita land proportions
were followed by budding events, both correlated with market factors, and if carrying
capacity explained these events, they should have been followed by increased population
growth; instead we see increasing per capita proportions of available land. Also, per
capita land proportions were lowest at the beginning of the century when there were only
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two villages, one of which was private land largely unavailable for swidden. Under these
conditions, it is not unexpected to see the founding of one or more new villages, and a
steady addition of villages as the population grew. But instead, market opportunities
appear to drive a rapid settlement of southern Toledo early in the century and this appears
to have made more than enough land available for swidden to support historical
population levels until population growth begins to increase beginning around 1965.
Conclusion
In many respects, Brush was right when he suggested that carrying capacity was a
poor model for swidden agriculture. Consistent with the political ecological approach to
swidden taken since the mid 1970s, this study documents the importance of markets in
the tropical forests of southern Belize, a remote, but not isolated location where swidden
is commonly used. But it is also important to improve our understanding of how swidden
fits into the lives of people like the Belizean Q'eqchi' who have had cyclical interactions
with exogenous market forces. Despite popular prejudice, swidden itself is neither good
nor bad; a point clearly illustrated by Q'eqchi' swidden activities during and after the
UCFO banana operation along the Temash river in the 1920s. When there was a market
for swidden-cultivated bananas, environmental damage rapidly ensued; after the market
closed, however, subsistence-oriented swidden continued at much lower rates.
Understanding the flexibility of swidden to be used for either subsistence or markets
helps explain to its historical importance in Q'eqchi' culture.
It should also be clear from this study that a critical feature of swidden
agriculture, and perhaps the defining characteristic that makes it central to Q'eqchi'
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culture, is the fact that it always serves Q'eqchi' needs first, whether they are whims or
necessities. So while it is both politically correct, and according to the catchment analysis
factually accurate, to blame market incursions for increasing resettlement rates and
concomitantly, deforestation rates, Q'eqchi' agency, manifested in the form of banal
stages of the swidden cycle – clearing, burning, planting, harvesting -- remain the
proximate cause of historical deforestation. Thus, the “solution” to swidden-induced
deforestation (if indeed it is a problem that requires a solution) should fully appreciate the
power, flexibility, and history of swidden agriculture while maintaining the locus of
power to manage it with the Q'eqchi' people.
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