






ABSTRACT: This project examines the relationships between market integration, dietary quality, and objective health measures in four of the indigenous peoples living the Northern Ecuadorian Amazon. Ascertaining dietary quality was undertaken by determining Food Variety Scores (FVS) and Diet Diversity Scores based on three different weighting systems—Unweighted Diet Diveristy Score (UWDDS), Protein Weighted Diet Diversity Score (PWDDS), and Value Weighted Diet Diversity Score (VWDDS)—to represent the variety and diversity of foods being eaten in the seven study communities. Objective health measures—BMI, skinfold measurements and z-scores, hemoglobin, and symptoms of illness—were analyzed to provide a picture of the health experienced by people living in these communities. The diet scores were related to measures of market integration based on household time allocation to determine how diet could have changed and how that related to changes in market integration. . It was found that highest diet diversity scores occurred where the largest amount of time spent buying, leading to the conclusion that these communities are utilizing both market and traditional food sources to maximize the their use of accessible foods. The diet scores were then related to health to show how differences in dietary quality impacted health in these communities. The relationships between health and diet quality were mixed, but the high variability in some of the skinfold z-scores and the presence of overweight and obesity in these communities suggest a trend of increasing risk for poor health in these populations as the first concrete impacts of increasing market integration on health are seen. Further research is needed to support this and to more fully understand how market integration is affecting diet and health in these communities. 
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1: INTRODUCTION
	As the world—particularly those of us living in the ‘developed’ parts of—becomes increasingly aware of the rapid acceleration of the processes of globalization and the impacts on lives everywhere, certain populations become of particular interest. Indigenous populations, particularly those that have come into contact with the outside world more recently, are one of these of these groups because they are experiencing the effects of being incorporated into the wider world—into the global market economy—right now. Researchers want to understand what the infiltration the ‘modern’ world—both good and bad aspects of it—into formerly insular ways of living by means for these populations. The indigenous populations living in the Northern Ecuadorian Amazon—the Oriente region—have been variably affected by contact with outsiders. Some groups, such as the Kichwa, have been in contact with outsiders since Spanish conquistadors came to Ecuador in the 1500s, while the Huaorani met outsiders with hostility on in the late-1950s. The amount of time each of these groups has spent in contact with outsiders and their related level of integration into the global market economy falls within a wide range. The unique situation of Ecuador, with highly variable development that brings some communities in the Oriente in direct contact with colonists, transnational corporations, and/or the tourism industry while leaving others relatively isolated and only accessible by an 8-hour boat ride, provides a context in which each community is uniquely integrated into the global market economy. And it is also a context in which these development processes have begun concretely affecting indigenous populations more recently. This is a setting in which researchers began a project to gain insight into how four indigenous populations living in the Northern Ecuadorian Amazon have been impacted by increasing market integration. I contribute to this project by examining the relationships between market integration, dietary quality, and objective health measures in these peoples, working to understand how diet and health have changed and are changing in these populations and how that is related to changes in market integration.  
There are many different ways to measure these effects: levels of overweight and obesity, changes in growth and stature, and land use and subsistence practices, among many others. For this project, understanding these effects was approached through one facet of life that is known to change with increasing market integration: dietary quality.  It is known that with increasing market integration indigenous populations will tend to eat fewer ‘traditional’ foods—foods that would be grown using traditional subsistence practices, such as swidden-fallow farming—in favor of consuming more processed, high-sugar and high-fat foods purchased at markets (Kuhnlein and Receveur 1996, Drewnowski and Popkin 1997 1997, Godoy and Cárdenas 2000, Godoy et al 2005). This project uses two different measures of dietary quality—Food Variety Score (FVS) and Diet Diversity Score (DDS)—to examine the variety of foods and foods from different food groups consumed in these indigenous communities. The combination of these two measures should illustrate the quality of diets in these communities, taking into account the quantity of foods being consumed and the breadth of foods groups foods are consumed from. 
Food Variety Score (FVS) and Diet Diversity Score (DDS) both work as measures of diversity in consumption, the first at the level of individual foods and the second on the level of foods from food groups. These measures are useful because they have been found to reflect diet quality and nutrition, particularly micronutrient intake, in various contexts. Research has established that diet, particularly variety and diversity in diet, tends to change with the changes in subsistence practices brought about by increasing market integration (Godoy and Cárdenas 2000, Kuhnlein and Receveur 1996, Lipski 2010, Port Lourenço et al 2008, Welch et al 2009), and that higher diet diversity is related to better nutrition and therefore better health outcomes (Drewnowski et al 1997, Ruel 2003, Arimond et al 2010, Savy et al 2007). This makes these measures useful because they not only allow for the ascertainment of dietary quality within populations and comparisons between them; they can also be used to draw conclusions about the effects of market integration on diet in this particular context. 
For this project, FVS was determined by calculating the mean number of foods consumed daily by individuals based on diet diaries. The DDS was calculated by determining the number of foods consumed by an individual from each of 23 designated food groups. Three different weighting systems were developed—an unweighted scoring system, a protein weighted scoring system, and a value weighted scoring system—that awarded scores based on the focus of that system. The scores for each day over the data-gathering period were averaged to provide a mean DDS for each individual in each scoring system. These methods together worked to answer the questions: What are individuals’ FVS and DDS? What patterns are seen at the community level? What differences are seen between the mean scores found in the communities and in the men  and women living in each community?
The patterns determined using these different scoring systems were a starting point for determining how dietary quality has been impacted by market integration and the implications of any changes that have occurred. They allow a view of how market integration impacts diet by making cross-community comparison possible, but to really grasp how any changes in diet that have been brought about by market integration are impacting these peoples these scores and the patterns they occur in must be compared to measures of health. In this case objective measures of health—BMI, skinfolds, hemoglobin, and symptoms of illness—were compiled to create a view of the health status in each community. Then possible relationships between all of those measures of health and the FVS and DDS were analyzed to attempt to draw conclusions about the effects of discernable differences in dietary quality on health outcomes. This section of the research works to answer the question: What are the health statuses, determined quantitatively, of these communities? How do these measures of health relate to the measures of dietary quality developed in this project? Is higher diversity in consumption in fact related to better health outcomes in this context? 
There is much debate about how market integration impacts populations—whether positive changes, such as access to modern health care and education, or negative changes, such as decreased physical activity and reliance on market foods, affect increasingly integrated populations the most (Godoy et al 2005, Godoy and Cárdenas 2000, Godoy et al 2006, Houck et al 2013, Lu and Sorensen 2013). It seems that the exact effects of market integration are highly dependent on the specific population being examined (Godoy and Cárdenas 2000, Savy et al 2007). The living conditions of a population before market exposure are very important in determining whether market related changes are an improvement or detriment for them. Within the context of the Northern Ecuadorian Amazon, indigenous populations practicing traditional subsistence consume a very diverse diet and live active lives. This project works to provide an understanding of how changes brought about by market integration have altered the lives of these indigenous populations—Kichwa, Shuar, Secoya, Cofán, and Huaorani—living in eight communities in the Sucumbíos, Napo and Orellana provinces in the Northern Ecuadorian Amazon, specifically looking at the quality of their diets in conjunction with health markers. Looking at the differences between communities with different levels of market integration allows us to determine how increasing market integration has effected these four indigenous populations within this particular historical, sociopolitical, economic and environmental context. 



















2: LITERATURE REVIEW
The term “indigenous people” refers to a cultural group that developed a successful subsistence strategy based on the natural resources available in a specific ecological area. They are the original inhabitants of areas that come to be occupied by more powerful outsiders and they retain certain distinctions from that dominating group—language, culture, religion, etc. (Kuhnlein and Receveur 1996, 418; Godoy et al 2005, 122). “Market participation” can broadly be understood as “the share of monetary earnings and the value of barter with outsiders” out of total household income (Godoy et al 2005, 123). Different measures are used to reflect market participation, including the value of physical commercial assets, money borrowing from outsiders, the distance from the studied community to the market (Godoy et al 2005, 123); crop sales to outside markets, cash income (Piperata et al 2011,  4); wage labor, use of modern technology in agriculture, number of government institutions in communities, and number of teachers and health workers in communities (Godoy and Cárdenas 2000, 121). All of these are used to reflect the participation of a community, generally a specific indigenous population, in the larger ‘modern’ market economy. This participation can be equated with the process of integration into the market, resulting in a level of “market integration” as will be discussed in this research. This market integration is distinguishable from “acculturation”. “Acculturation” is defined as the new language skills, values, and attitudes acquired by people who participate in markets and is measured through proxies such as years of schooling, language skills, and values. Making a distinction between these different processes associated with market exposure is important in understanding the root causes of associated changes, and controlling for acculturation when estimating effects of market integration is necessary (Godoy et al 2005, 123).  
	Indigenous populations are commonly viewed as living in harmony with their environments while they subsist traditionally (Gray et al 2008, 98). In the lowland forests of Latin America forest resources are used for a variety of activities: hunting, collection of forest products, and forms of shifting cultivation. These forms of shifting cultivation or swidden-fallow cultivation, which are generally community specific, are the most intensive way forests have been used traditionally and provide the bulk of calories in traditional diets. Generally, this involves clearing small plots from primary or secondary forest, mulching or burning vegetation, planting a diverse mix of plants on the plot for one or more agricultural cycles, and then leaving the plot fallow for multiple years (Gray et al 2008, 98-9). Under conditions with sufficient land available and a low population density this system ensures access to a variety of resources without depleting the nutrients in soil plots with frequent rotation between a large number of plots, the use of removed vegetation for added soil nutrients, and sufficient fallow periods between use (Freire 2007, 683; Gray et al 2008, 98). The patterns of rotation, the types of crops planted and the ways they are planted vary between communities, but the core ideas of this type of cultivation remain—interact with the land in a responsible and caring way and ensure access to sufficient food. The traditional diets of these indigenous groups tend to be naturally diverse because of the wealth of resources they have access to in the Amazon, and though their health does not benefit from access to modern health care, the issues of chronic disease faced by more ‘developed’ countries are not issues when these populations live in traditional ways. The neutral or positive effect traditional subsistence has on the land and the variety of foods it provides are part of the reason these ways of living are valued and often designated as in need of preservation (Kuhnlein and Receveur 1996, 417; Lipski 2010, 585; cf. Lu 2007). 
Market integration is changing the ways indigenous populations in the Oriente interact with the environment. As the land they have access to shrinks and contact with markets increase people move away from traditional swidden-fallow subsistence strategies to adopt market-oriented sources of livelihood, such as wage labor, tourism, commercial agriculture, and the sale of forest products (Gray et al 2008, 98-99). With these changes in subsistence and livelihood come other changes affecting these populations. Perhaps the process of market integration is inevitable in a world where globalization affects even the most remote populations. The issue here is not bemoaning the loss of pristine indigenous populations and their ways of subsisting, but investigating the impacts of market integration on the health of these populations by comparing dietary patterns and measures of health in different communities. Consider diet a window through which the changes affecting these peoples can be viewed with the potential to show specific ways that market integration has restructured their ways of interacting with their environment and the world. Relating this facet of life with health indicators will allow for an understanding of not just what they eat and how they eat it but how it effects their health, providing an understanding of the concrete health consequences of the restructuring that market integration brings about. 


DEBATES SURROUNDING MARKET INTEGRATION
The determined effects of increasing participation in and integration into the market on indigenous populations have varied widely, but can be placed in three general categories: positive, negative and complex (variable with the passing of time and the individuals studied).  The first group of scholars argues that greater market participation improves health because it allows opportunities to raise income and education levels, allowing access to modern medical services and technologies, and improving nutrition and hygiene (Godoy and Cárdenas 2000, 117; Godoy et al 2005, 125). The main argument is that though there may be some negative impacts of increased market integration they are outweighed by the positive changes brought about by improved understandings of nutrition and access to modern medical care (Godoy et al 2006, 186).  
The second group of scholars argues that the changes associated with increased market integration definitely have adverse effects on transitioning populations. The ‘development’ that is brought about by, and subsequently increases, market integration has consequences that are important to understanding negative impacts on indigenous populations. Part of the definition of “indigenous people” is that they have developed a subsistence strategy based on the resources in their immediate environment. This generally means that they interact with their environment in a way that has either no impact, or a positive one (Gray et al 2008, 98). With increased development—new roads, increased travel, settlement by outside populations—the environment these populations live in changes and their access to non-traditional foods increases. The traditional subsistence strategy developed by the indigenous population in equilibrium with the environment is completely disrupted, so diet patterns must also change. Development also entails increased access to wage labor, technology, and market foods (including alcohol and high fat and sugar foods), which are not always paralleled by the improved physical infrastructure and knowledge about disease prevention and transmission that would bring positive health benefits (Godoy and Cárdenas 2000, 117; Godoy et al 2005, 125; Kuhnlein and Receveur 1996, 434). It is argues that all of this leads to changes in subsistence, diet and work patterns, resulting in increased sedentarism and consumption of high fat, sugar and salt foods. These changes lead to negative health outcomes in these transitioning populations—namely obesity, cardiovascular disease and diabetes (Kuhnlein and Receveur 1996, 434)—and can be compounded by persisting infectious disease, especially parasite infection in children (see Fitton 2000), and increased self-perceived morbidity resulting from exposure to different standards of health (Godoy et al 2005, 125; Godoy and Cárdenas 2000, 118). 
The third and final group of scholars argue that the relationship between increased market integration and health is very complex and the outcomes are highly dependent on when the data was taken, the individuals studied, the methods used, etc. Essentially, no broad conclusion can be drawn about how markets affect health. A part of this acknowledgment of the complexity inherent in issues of development and globalization is view that indigenous peoples do not have to choose either market participation or traditional living. It has been observed in different cases that these populations are developing complex, blended systems of food access, utilizing both traditional and market foods to provide a stable pool of resources. So, there is not a binary relationship, rather these populations maximize available resources to have steady and reliable food access (Santos and Coimbra 1991, 815; Godoy et al 2006, 201; Lu 601).
MARKET INTEGRATION AND NUTRITION
Generally studies that have focused on the impacts of increasing market integration on diet have shown negative effects (Piperata et al, 1). The changes seen—increased rates of overweight, obesity and associated chronic diseases—and the shifting diet and physical activity patterns that are understood to cause them are often referred to the “nutrition transition” (Piperata et al 2011, 2; Popkin 2001; Drewnowski and Popkin 1997; Satia 2010). As incomes rise and populations are increasingly incorporated into market economies, societies enter different stages of the nutrition transition. The five different patterns of nutritional and epidemiologic transition—hunter-gatherer, modern agriculture and famine, receding famine, degenerative disease and behavioral change—described by Popkin (2006) reflect different phases of shifting diet patterns and the movement from hunter-gatherers to behavioral change (comparable to the present US situation) constitutes this “nutrition transition,” (Satia 2010, 220). This transition is occurring rapidly in developing countries and the changes in diet and increased sedentarism are resulting in adverse health outcomes (Satia 2010, 220; Popkin 2001, 8716). 
With the nutrition transition, more traditional diets high in fiber and complex carbohydrates are replaced by diets heavy in fats, saturated fats, and sugars (Drewnowski and Popkin 1997, 31). In their discussion of the nutrition transition Drewnowski and Popkin argue that generally traditional diets are composed of a limited number of foods that offer little in terms of variety or diversity. When this is the case, undergoing the nutrition transition increases diversity in diets, though this can be paralleled with increasing consumption of high fat foods (1997, 37). But, it could be countered that certain traditional diets developed in areas of high biodiversity, such as the Amazon basin, are naturally high in diversity and increasing market exposure would result in a decreased diversity of foods consumed. The changes associated with nutrition transition are strongly linked with increased overweight and obesity and related chronic disease, which could possibly be compounded by the adverse nutritional effects of decreased diet diversity. 
Another pattern that has been documented in these transitioning contexts is a dual burden of over and under nutrition within populations, and more significantly within households. It is well established that higher socioeconomic status in these populations is associated with higher rates of overweight and obesity (Satia 2010, 222). What is more concerning is increasing documentation of the presence of overweight and/or obesity and underweight within single households[footnoteRef:1]. Popkin has found the prevalence of these households to be high and to make up a large portion of the households containing an underweight individual (2001). Determining which households are over/under can be difficult, requiring thorough measurements of all members, and addressing both nutritional issues is necessarily complicated by the different approaches required to address overweight and underweight (Doak et al 2005, 135). There is also concern over increased risk of obesity when an individual is undernourished as a child. This could possibly explain the high rates of obesity seen in transitioning adult populations and definitely creates concern for the consequences of increasing reliance on highly processed market foods and decreased physical activity with increasing and accelerating integration into markets. The changes brought about by the nutrition transition including increasing prevalence of over/under households in populations seem to be occurring in the study populations. Increasing market integration is bringing about this transition, changing diet and physical activity patterns. Exactly how they are changing and how that has affected the health of these populations is to be determined, or at least somewhat elucidated, in this research.  [1:  Using that same data set Houck et al. (2013) found high rates of stunting in children and average to above average short-term nutritional indicators within the study communities, showing the presence of the dual burden in the study populations. This pattern was related to but not completely dependent on the community’s level of market integration. ] 

METHODOLOGY AND ANALYSES
Different methods have been used to examine effects of the nutrition transition and increasing market integration on the health of indigenous populations in situations similar to the populations studied in this research. The relationship is complex, but attempts have been made to clarify it by looking at: stature and growth, prevalence of overweight and obesity, diet diversity and food variety scores, and diet patterns. It is also important to note that some projects study change over time (longitudinal) while others compare across settings (cross-sectional); both approaches have merits and limitations. 
ANTHROPOMETRY: SHORT STATURE AND GROWTH
Stature, measured height-for-age, and growth, the change in height over time usually measured in children, are established measures of nutritional and health status (Santos and Coimbra 1991, 796). Studies have looked at these measures in adults and children. Within the Amazon basin it has generally been found that there are high levels of stunting in indigenous children and low levels of wasting, though the exact numbers vary based on the population studied (Santos and Coimbra 1991, 807; Blackwell et al, 169; Piperata et al 2011, 9; Houck et al, 529). Differences related to market integration have also varied between studies. Changes in adult stature have been less highly studied because the longitudinal demands of gathering the information, but Godoy et al found no change in adult stature in the Tsimane of the Bolivian Amazon (2006). Stature and growth are considered long-term measures of nutritional status, reflecting the effects of nutritional changes over longer periods of time. 
ANTHROPOMETRY: OVERWEIGHT AND OBESITY
 The presence of overweight and obesity in populations with increasing levels of market exposure is a well-established indicator of nutritional transition. The consumption of more calorie-dense foods and changes in physical activity patterns—often resulting from the introduction of new technologies, no longer growing or obtaining and processing foods traditionally, or working as a seasonal wage-laborer—often result in overweight and obesity and related health problems. So, this is used as an indicator of shifting diet and activity patterns related to increasing market integration. Overweight and obesity are measured using BMI, weight-for-height, weight-for-age, arm circumference, and triceps skinfolds. All of these are used to determine if an individual has an excess of body fat for their age and/or height. 
DIET AND HEALTH: FOOD VARIETY AND DIET DIVERSITY SCORES
 Traditionally, nutritional epidemiology has looked at diseases in relation to one or a few foods or nutrients, but this approach is limited by the fact that people do not eat individual nutrients; separating the effects of nutrients is difficult and can be confounded by diet patterns. The proposed solution is to study foods and nutrients in the combinations they are consumed in with the goal of discerning dietary patterns (Hu 2002, 3). 
The most basic way of achieving this has been to look at the variety of foods consumed, constituting a food variety score (FVS), and the diversity of different food types or groups consumed, constituting a diet diversity score (DDS). Dietary diversity and variety are known to correlate with better diet quality. Improved diversity of foods ensures adequate nutrient intake because eating a larger variety of foods makes it much more likely that adequate nutrients are being consumed. As Arimond et al said: “dietary diversity, assessed as the number of foods consumed across and within food groups over a reference period, is widely recognized as being a key dimension of diet quality […]” (2060S). The utility of these types of scores in predicting diet quality has been tested and validated in various contexts (Arimond et al 2010; Ruel 2003 (review); Benefice et al 2007; Roche et al 2008; Savy et al 2007). DDS and FVS are well-established ways of gaining information about the nutritional status of populations by looking at trends in overall consumption rather than at specific foods or nutrients. Generally, DDS are calculated by grouping the foods consumed into categories and determining how frequently individuals consume foods from each category to ascertain the diversity of foods consumed. The categories are established differently depending on the context and usually multiple groupings are used to distinguish the most informative approach. 
All of these different measures are used to understand how increasing market integration has impacted the lives and health of indigenous populations. This research is working to use these measures of dietary quality and health to further examine the relationship between increasing market integration and health in one of the many regions affected by the ever-increasing pressures of globalization, reform, and the pull of the global market. Looking at five different ethnic groups living in seven different communities in the Northern Ecuadorian Amazon, the goal is to understand how they have been affected by increasing exposure to markets by determining Food Variety and Diet Diversity Scores relating them to relevant measures of health. This research is meant to add to the body of knowledge on this subject, contributing new information for this specific study location and a new example of the possible impacts of market integration on indigenous populations.   




















3: CONTEXT—ECUADOR, INDIGENOUS PEOPLES, AND THE PROCESSES OF INTEGRATION

The UN reports that an estimates 370 million indigenous people live in 70 countries worldwide. These groups have unique social, cultural, economic and political traditions that distinguish them from others who have come to live in and dominate their lands. Through processes of colonization, globalization, and market integration these unique traditions have changed, resulting in indigenous populations living in ‘non-traditional’ ways and participating in the global market (UNPFII). This chapter will serve as an overview of the effects these processes have had on four indigenous groups now living in the Oriente region Ecuador. Consider it a brief history of how these groups have been confronted with the wider world while living in the environment occupied by their ancestors. 

Ecuador is a Latin American country with an estimated area of 109,483 square miles, comparable to the state of Nevada in the US, located in the north-western part of South America (Haller et al, 2007; INFOPLEASE). Ecuador is divided into three regions: the Costa, dominated by export-oriented plantations; the mountainous Sierra region where agriculture is practiced for domestic production; and the Oriente region, which is covered in rainforest and sparsely populated. The Oriente accounts for about one third of Ecuador’s landmass and contains about 3% of its total population (Haller et al 2007, Fitton 2000). It also contains over 13 million hectares of natural rainforest, housing incredibly diverse amphibian, bird, mammal, and tree communities (Herrera MacBryde and Neill 1997, Lu 2007). Beyond this natural biodiversity, this region is also culturally diverse. The Shuar, Achuar, lowland Kichwa (Runa), Siona, Secoya, Záparo, and Huaorani populations are concentrated in the Sucumbíos, Napo, Pastaza and Orellano provinces in this region. These indigenous groups vary in size, linguistic background, and history of contact with outsiders (Haller et al 2007, Lu 2007). Ecuador’s history and the concentration of natural resources in the Oriente has created unique situations for each of these indigenous populations, as they have come into contact with the outside world and, eventually, the global market in diverse ways. Spanish colonization, missionary activity, natural resource exploitation, and land reform are all factors that have contributed to the process of increasing market integration that has restructured the lives of the Kichwa, Shuar, Cofán, and Huaorani and resulted in changes in diet and health.
Figure a: Map of the study area 
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INDIGENOUS PEOPLES

KICHWA

The Kichwa are the most numerous of Ecuador’s indigenous peoples with an estimated population of 60,000 in Ecuador and 30,000 in the Oriente region (Gray et al 2008, Houck et al 2013). They are generally regarded as descendants of the Incas (Haller et al 2007) and have a long history of contact with outsiders (Houck et al 2013). This ethnic group first emerged when preexisting indigenous groups were devastated by the disease, violence, and social changes brought with Spanish conquest. Surviving indigenas moved or were relocated to mission villages where Kichwa, the language of the Incas, became the language of choice (Houck et al 2013, Haller et al 2007). This eventually led to the establishment of the Kichwa ethnic identity around 1800. It can be argued that processes of market integration have been underway for this group since the 16th century, when contact with Europeans began. But they generally maintained traditional subsistence practices—swidden-fallow agriculture, fishing, and hunting—until the 1960s when pressures from agrarian reform encouraging the movement of colonists to their lands and the development and further incursion characterizing petroleum extraction forced the parceling of indigenous lands, the transition to livestock farming, and eventually the participation in commercial agriculture, timber harvesting, and wage labor (Haller et al 2007). Some Kichwa communities have responded to these encroachments and the development of nearby market towns by adopting production and tenure systems similar to colonists. But others have resettled farther away from areas of concentrated development, with the goal of living traditionally (Gray et al 2008, 2008). The effects of these development processes are highly variable even within this single indigenous population. 
KICHWA STUDY COMMUNITIES:
Three Kichwa communities participated in this study: El Pilchí (or just Pilchí), Pastaza, and Yana Rumi (or Pachacutik). Pilchí, with a population of 177 Kichwa in 2009, is located on the banks of the Napo River in the Orellano Province. It shares its northern border with a colono (colonist) settlement and its other three borders with other Kichwa communities. Its residents came together from various parts of the Northern Ecuadorian Amazon, many coming from larger cities. Pilchi is only accessible by boat—access requires a three hour motorized canoe ride on the Napo River. Pastaza and Yana Rumi are linked villages in the Sucumbíos Province; Yana Rumi split from Pastaza in 2001 as population growth led to the dispersal of families. Both communities consist of centrally clustered family homes surrounded by family plots (chacras, swidden plots). There are 15 family homes in Pastaza and 18 in Yana Rumi. Both communities are only accessible with two hours of car travel and another two hours on foot. 

SHUAR
The Shuar are the second largest indigenous population in Ecuadorian Amazon, with population estimates ranging between 40,000 and 110,000. As an entire population they are considered members of the Jivoroan language group and live largely around the Ecuador/Peru border (Houck et al 2013). The Shuar economy was traditionally based on gathering, hunting, fishing, and shifting horticulture in chacras or household swidden garden plots (Perreault 2005). This lent itself to a semi-nomadic lifestyle, in which the Shuar moved within porous boundaries dictated by the relations with other tribes in the area. The Shuar stayed largely isolated until the 20th century when President Velasco Ibarra created a reserve for the Shuar and placed it in the control of the Salesian Order, charging them with converting the Shuar the Christianity. On top of transforming Shuar communities from dispersed to highly concentrated in villages and mission centers and forcing Shuar children into mission-run schools, the establishment of missions and churches in the region also encouraged the migration of colonos from the highlands where land was very limited (Rubenstein 2001, Haller et al 2007, Lu and Sorensen 2013). Land became increasingly scarce with the influx of colonos and some Shuar migrated north during this period of colonization in search of more land (Gray et al 2008). In efforts to secure claims to their land further community reorganization has occurred and some communities have adopted cattle production and cash cropping to fit the government’s definition of using their land effectively (Gray et al 2008, Lu and Sorensen 2013, Haller et al 2007). 
SHUAR STUDY COMMUNITY:
The Shuar community that participated in this study is one that, as discussed above, was created after Shuar migrated north during colonization. Tiguano is located in the Dayuma Parish of the Orellano Province and was established when Luis Taisha Tsuink crossed the Tiguano river into Huaorani territory to build the first home in the settlement. Friends and relatives followed him, resulting in the current settlement of 23 families. They live centered around a community school, meeting house and sports facility. This community is in a designated buffer zone of the Yasuni National Park, so it is surrounded by intact ecosystems of highly diverse flora and fauna. Despite this, there are five oil wells in the area, three of which are marked for further development. The community is located on oil block 15, which is currently operated by Petroriental. Tiguano is three hours south of Cocoa by car and public transportation has been established between the two. Tiguano likely reflects the situations of other Shuar communities in the same region, but does not necessarily represent the Shuar population as a whole  (Lu and Sorensen 2013). 

COFÁN 
The Cofán are indigenous to what is now the north-eastern corner of Ecuador and south-eastern Colombia, though the group is of unknown origin (Fitton 2000). Their pre-Conquest population is estimated to have been between 30,000 and 70,000 (Lu and Sorensen 2013). The Cofán were initially negatively impacted by the incursions of outsiders during the rubber and quinine booms of the late 1800s and they suffered again during oil exploitation in the 1970s. The were forced to leave the region above Lago Agrio and move further east where they formed scattered settlements deeper in the rainforest (Houck et al 2013). The Cofán population, estimated between 500 and 1,000 people, now lives in six dispersed settlements in the Northern Ecuadorian Amazon (Houck et al 2013, Gray et al 2008). Livelihood patterns vary between villages, reflecting specific ecological conditions and economic opportunities. Many Cofán are currently practice subsistence agriculture—shifting horticulture, hunting and gathering—but progressive environmental degradation and the loss of local wildlife populations threaten this traditional way of living (Haller et al 2007), and economic opportunities, such as working in ecotourism, bring cash into communities. Drastic development related to oil exploration (especially by Texaco), colonization, agro-industrial projects and the creation of nature reserves, and the cultural changes it has brought about, along with the focused acculturation of the Cofán by SIL missionaries, “have caused the culture and identity of the Cofán to be threatened with extinction,” (Haller et al 2007: 291). 
COFÁN STUDY COMMUNITY:
Zábalo is a Cofán community along the Aguarico River, close to the border of Peru. It was established in 1979 when 60 Cofán moved from Dureno (about 95 km west) to live more traditional lives deeper in the rainforest, away from the encroachment of oil exploitation and colonization (Lu and Sorensen 2013, Fitton 2000). The founders began to explore the territory while hunting and fishing and saw the site as a place where the community would be able to subsist and an ecotourism project could be established. They settled without any titles to the land and fought a long battle with the government for official recognition of their rights to the land. They eventually achieved an agreement with the central government that allows them to use and manage 137,000 hectares of the Reserve, allowing them to act as stewards of that area of land that was traditionally Cofán territory (Lu and Sorensen 2013, Fitton 2000). Zábalo is only accessibly by an hour car ride followed by an 8-hour boat ride down the Aguarico River. It is distant from market towns but the community has been involved in ecotourism since its establishment and takes part in wildlife conservation projects and other collaborations with scientists study local ecology and supporting indigenous management. They tend to mix traditional subsistence with paid labor as ecotour operators, guides, naturalists, and selling handicrafts, allowing them to supplement dietary staples with purchased foods (Lu and Sorensen 2013, Fitton 2000). This way of living has been recently infringed upon by Colombian efforts to combat drug trafficking. 

HUAORANI
The Huaorani, an indigenous population with a reputation for warfare and spearing raids, traditionally occupied a territory 20,000 km2. Their language is considered a linguistic isolate, without links to recognized language families (Lu and Sorensen 2013). Their contact with whites have been exemplified by violence from them and counter violence from whites since the 1600s. Since the 1970s, actions of missionaries and the state have largely pacified them but there are still communities that live in complete isolation and kill any outsiders. Their ‘pacification’ began with contact with two missionary women (Elisabeth Elliot of Christian Missions in Many Lands and Rachel Saint of SIL), who accompanied a Huaorani woman back to her native village in 1958. They convinced some Huaorani groups to move to a missionary settlement that they essentially touted as a peaceful protectorate (Haller et al 2007, Gray et al 2008). The concentration of Huaorani within this protectorate grew until the end of the 1980s when many began to free themselves, particularly men who could find employment with oil companies. The Huaorani, estimated to now number between 1,300 and 3,000, live in five dozen communities in Huaorani Territory and Yasuni National Park (Haller et al 2007, Lu and Sorensen 2013, Houck et al 2013). Subsistence is still based on slash-and-mulch agriculture, with traditional staples (manioc or yuca, plantains, corn, and peach palm) making up considerable portions of their diet. Foraging, hunting and fishing are also important sources of food (Lu and Sorensen 2013). 
HUAORANI STUDY COMMUNITIES:
Two Huaorani communities took part in this project: Quehueiri-ono and Gareno. Quehueiri-ono, located in the Orellana province, was established when a group of residents left a village called Dayuno because of political dissent. The village is organized around a landing strip, soccer field, and school, occupying 6 square kilometers total. It is surrounded by a buffer zone where hunting and other resource use are regulated as a part of a joint conservation effort with other communities. They also contribute to the operation of an ecotourism endeavor with those communities, bringing tourists very close to the community. Quehueiri-ono can be reached by a day-long canoe ride from the bridge of the Shiripuro River or a 35 minute plane ride from Shell Mera. Gareno, in the Napo province, was set to be the site of oil extraction by Perenco, a French oil company. The company became involved in the community, building a highway, school, and toilets, but was replaced by Petroamazonas in 2009. There is an ecotourism operation near to Gareno also, called the Gareno Lodge though it is not run by the community and they receive few benefits from its operation. Gareno residents provided unskilled labor for the oil companies working nearby. The highway built by Perenco connects the community to Kichwa and Hauorani communities and makes it possible to reach Gareno with a two hour car ride from El Tena, Napo’s capital city. Despite the level of exposure to outsiders and access to markets, particularly in Gareno, the Huaorani study communities still have access to land and resources, which sets them apart from most other Huaorani communities. 

BACKGROUND RESEARCH
Houck et al used data gathered during the same project to draw conclusions about childhood growth and nutritional status (2013). The same indigenous populations were studied, and the analyses they did to determine a baseline measurement of market participation is useful background for my own project. They used household input-output diaries to construct different measures of market integration (MI) and to calculate the percentage of household-days that were spent hunting (not a market oriented activity by itself), selling items (e.g., forest products, game, handicrafts), buying items from the market, and wage labor (Houck et al 2013). Figure 1a shows the results of this analysis for each ethnic group. Based on this—with particular focus on time spent, selling, buying and being paid for labor—a spectrum of MI can be constructed for the communities: Pilchí is the most integrated into the global market, then Pachacutik (or Yana Rumi) and Pastaza, then Quehuereono (or Quehueiri-ono), Tiguano, Gareno and finally Zábalo. Zábalo’s level of participation in all activities is much lower than all of the other communities, and is worth noting. 

Figure 1a showing level of market activity based on household input-output diaries collected during this project

MAIN HYPOTHESIS

Based on this information and the acknowledged biodiversity of the area,  I developed a hypothesis for the project: a higher level of market integration, measured as a higher percentage of household-days spent in market activities, will be inversely related to food variety and diet diversity. This will likely be reflected in a pattern of the highest scores in Zábalo (the Cofán community) and the lowest in Pachacutik (also called Yana Rumi), Pastaza, and Pilchí. The other communities—Quehuereono, Tiguano, and Gareno—will fall between those two extremes. From there I moved forward with the goal of examining the diets of people living in each community and comparing those findings with health markers to understand how diet and health are related in each context. Comparing between these communities allowed me to draw conclusions about how increasing market integration, which is unique to each community, impacts the diet and health of indigenous populations in the Oriente by providing a spectrum of integration and a related spectrum of diet and health outcomes. 


Figure 1b: Hypothesized Relationship Between Community-Level Market Integration, Diet Quality and Objective Health








4: METHODS AND ANALYSES

This research uses data from a larger NSF funded project (BCS 0822967) looking at the effects of market integration on health cross-culturally in indigenous groups in the Northern Ecuadorian Amazon. Data on demographics, land and resource use, household economics, socio-economic attitudes and risk perception, and health and wellbeing were taken using a variety of methods (see Lu and Sorenson 2013). An NIH-funded project was carried out in the same setting in 2001, and this research built on the methods used during that project and utilized the relationships that had already been established with indigenous communities and federations to collect health and nutritional data in the same populations. Ethnographic researchers were trained and placed in eight different indigenous communities in the region. Sehuaya, the only Secoya community in the study, withdrew from the after six weeks leaving seven villages participating in the study and no representation of the Secoya indigenous population.  Because of the large size of the Kichwa population in the Amazon region, three Kichwa villages were used, along with two Huaorani villages, one Shuar and one Cofán. In total, 1004 individuals living in 126 households (though complete data for all households is not available) were studied. 37.3% of the households were Kichwa, 24.6% were Huaorani, 19.8% were Cofán, and 18.3% were Shuar. 
Table 1a: EthnoFigureic Study Sample (2009) by Community
	Community
	Community No.
	Ethnicity
	Ethnographers
	No. of Households
	% of Total
	Dates of Study (2009)

	Yana Rumi (Pachacutik)
	2
	Kichwa
	Felipe Terán,
Glenda Albán
	16
	12.7%
	Feb-July

	Pastaza Central
	1
	Kichwa
	
	12
	9.5%
	Feb-June

	Sehuaya
	NA
	Secoya
	David Hidrobo, Citlali Doljanin
	0 [29]
	0%
	Feb-March 

	Zábalo
	3
	Cofán
	Sebastián Vacas, Dayuma Albán
	25
	19.8%
	Feb-July

	El Pilchi
	4
	Kichwa
	Gustavo Reyes, Ximena Tobar
	19
	15.1%
	Feb-June

	Tiguano
	5
	Shuar
	Tania Macera
	23
	18.3%
	Feb-July

	Quehueiri-ono
	6
	Huaorani
	David Hidrobo, Citlali Doljanin
	15
	11.9%
	March-July

	Gareno
	8
	Huaorani
	
	16
	12.7
	Sept-Nov

	
	
	
	TOTAL = 
	126
	100%
	



This research uses two main sources of information to examine diet and health in these communities: self-report diet diaries and objective measures of health. This study was approved by The Office of Human Research Ethics at the University of North Carolina at Chapel Hill, and by the indigenous federations and study communities. 
DIET RECORDS
Data on dietary intake were collected using individual self-report diet records (food diaries), where participants recorded their intake of foods and beverages in open-ended format (Buzzard, 1998).   Each participant (n=141) contributed between 5 and 90 days of diet information, resulting in a total of 5,633 person-days contributed. These data were analyzed using two methods: food variety scoring and diet diversity scoring. 
To produce a food variety score the data were cleaned[footnoteRef:2]—eliminating misspellings and extraneous names for the same foods, coming up with names for dishes with multiple ingredients, and filtering out all participants under 15 years of age (new n=110)—and used to produce a number of unique foods consumed by each individual. To do this all duplicate foods—foods that were consumed more than once within a day period—were eliminated. The number of unique foods was then summed for each participant and divided by the total number of days they contributed data, producing an average food variety score (FVS) for each person. This use of averages was the best way to examine food variety as different individuals contributed different numbers of days and an average allowed the breadth of the data to be used and the individual scores to be used to produce community averages. These initial FVS had very high variation within communities and the cross-community differences seemed extreme, so I decided to remove all foods that would be designated as condiments or seasonings (see next page) and all entries of “water” from this scoring system. This seemed to eliminate some of the problems mentioned and likely provides FVS that are more reflective of the variety of actual foods being consumed.    [2:  Cleaning the data was an extensive part of this project, as it required becoming familiar with 45,000 food names, identifying misspellings, determining when there were multiple names for the same foods, and translating all of the names. The sheer number of foods consumed in these communities and the many different names commonly consumed foods are called by complicated this process, but resulted in me being very familiar with what is eaten in these communities. ] 

Diet diversity scores are based on the number of food groups an individual consumes food items from each day, rather than the total variety of foods. So, producing diet diversity scores began with creating food groups to place foods within. Researchers generally come up with multiple grouping systems for the foods consumed by a sample population, generally with different levels of aggregation into groups (see Arimond et al, 2010). For this project I decided to begin by creating three different levels of aggregation in the designation of foods into groups—Diet Diversity Score 1, 2, and 3 (DDS1-3) (see Table 1b). 
The main differences between the different levels of aggregation are seen in the increasing differentiation between the types of meat being consumed, emphasizing the wide array of meats consumed by these populations and the possible nutritional differences between different types of meat. Otherwise the only changes are the designation of a processed fish group in DDS2 (canned tuna or sardines usually) making it clear that those types of fish are obtained from a market, and the designation of a legume groups in DDS2 also, working to make some distinction between the differences between the nutritional qualities of legumes and other vegetables. 
Table 1b: Diet Diversity Scoring Groups, Different Levels of Aggregation
	DDS1 Groups
	DDS2 Groups
	DDS3 Groups

	Alcoholic beverage
	Alcoholic beverage
	Alcoholic beverage

	Chicha
	Chicha
	Chicha

	Coffee
	Coffee
	Coffee

	Condiment/Seasoning
	Condiment/Seasoning
	Condiment/Seasoning

	Dairy
	Dairy
	Dairy

	Eggs
	Eggs
	Eggs

	Fat/Oil
	Fat/Oil
	Fat/Oil

	Fish
	Fish
Processed Fish
	Fish
Processed Fish

	Fruit
	Fruit
	Fruit

	Grain
	Grain
	Grain

	Insect
	Insect
	Insect

	Juice
	Juice
	Juice

	Meat
	Organ Meat 
Processed Meat
Reptile Meat 
Mammal Meat 
	Organ Meat
Processed Meat
Reptile Meat
Artiodactyl Meat
Edentat Meat
Lagomorph Meat
Primate Meat
Rodentia Meat

	Processed Meat
	Processed Meat
	Processed Meat

	Medicinal
	Medicinal
	Medicinal

	Poultry
	Poultry
	Poultry

	Processed Food
	Processed Food
	Processed Food

	Soup
	Soup
	Soup

	Vegetable
	Vegetable 
Legume
	Vegetable
Legume

	Unknown
	Unknown
	Unknown

	Water
	Water
	Water



Once these groups were defined, code was run to sort foods into the different groups. Coding for the groups was done based on cleaned food names and each food item was given a group for each of the aggregation levels, resulting in a DDS1, DDS2, and DDS3 group recorded for each food item documented in the diet recall data. The foods within each food group can be seen in Appendix 1a. 
After I determined these different aggregation levels, I came up with three different scoring systems to award diversity scored based upon. The first system, resulting in an unweighted diet diversity score (UWDDS), simply awarded an individual one point for each food group fulfilled in the day period. Table 1c demonstrates this scoring based on fulfilling a food group, as in having consumed at least one food from that group in the day period. The first level of aggregation resulted in a total of 19 possible points, the second in 23, and the third in 28 for this unweighted scoring system.
Table 1c: Unweighted Diet Diversity Scoring based on Diet Diversity Score 1 Groups
	DDS1 Groups
	Unweighted Score

	Alcoholic beverage
	1

	Chicha
	1

	Coffee
	1

	Condiment/Seasoning
	1

	Dairy
	1

	Eggs
	1

	Fat/Oil
	1

	Fish
	1

	Fruit
	1

	Grain
	1

	Insect
	1

	Juice
	1

	Meat
	1

	Processed Meat
	1

	Medicinal
	1

	Poultry
	1

	Processed Food
	1

	Soup
	1

	Vegetable
	1

	                     Total:
	19


*Unknowns and water were not included in the scoring systems, as nutritional content was unknown or insignificant

The second scoring system I used was focused on representing the protein content of foods, designated as the Protein Weighted Diet Diversity Score (PWDDS). This weighted system awarded a higher point value for foods high in protein (meats, fish, eggs, etc.) with the maximum value for one group set at 2. This resulted in the total number of possible points being 27 for the first level of aggregation, 35 for the second, and 46 for the third. 

Table 1d: Protein Weighted Diet Diversity Scoring based on Diet Diversity Score 1 Groups
	DDS1 Groups
	Protein Weighted Score

	Alcoholic beverage
	1

	Chicha
	1

	Coffee
	1

	Condiment/Seasoning
	1

	Dairy
	2

	Eggs
	2

	Fat/Oil
	1

	Fish
	2

	Fruit
	1

	Grain
	1

	Insect
	2

	Juice
	1

	Meat
	2

	Processed Meat
	2

	Medicinal
	1

	Poultry
	2

	Processed Food
	1

	Soup
	2

	Vegetable
	1

	                        Total:
	27



The third and final scoring system used was developed to reflect the overall nutritional value of the foods in that group, called the Value Weighted Diet Diversity Score (VWDDS). This system attempted to achieve the high goal of representing the food’s caloric value, level of processing, sugar content, protein content, and micronutrient content. To do this I looked at a nutrient composition database put together based on foods commonly consumed in this region, the foods that fell within each food group, and the sources of the foods from each group with a specific focus on whether a food was likely to be purchased from a market. Using this information I assigned weighted scores for each group (between 1 and 4) with foods with low value (e.g. likely to be highly processed, high fat and/or high sugar) scoring the lowest and foods with the highest value (e.g. likely to be high protein, high micronutrient, and/or high fiber). Whether this was successful in reflecting these highly varied food characteristics is unknown, but it seemed valuable to attempt to reflect the intrinsic value of foods on these various nutritional levels in one of the scoring systems. The highest possible score for a single group was 4 points. This weighted system resulted in a total of 39 possible points for the first aggregation system, 52 for the second, and 72 for the third. 
Table 1e: Value Weighted Diet Diversity Scoring based on Diet Diversity Score 1 Groups
	DDS1 Groups
	Value Weighted Score

	Alcoholic beverage
	1

	Chicha
	1

	Coffee
	1

	Condiment/Seasoning
	1

	Dairy
	3

	Eggs
	3

	Fat/Oil
	1

	Fish
	3

	Fruit
	2

	Grain
	1

	Insect
	3

	Juice
	1

	Meat
	4

	Processed Meat
	4

	Medicinal
	1

	Poultry
	3

	Processed Food
	1

	Soup
	3

	Vegetable
	2

	                        Total:
	39



Once these scoring systems were created code was run to score the diet recall data based on the DDS1-3 groups. 
This coding resulted in a score awarded for each scoring system at each level of aggregation for every food group an individual fulfilled during a single day period. These daily scores were then averaged over the total number of days the individual provided diet recall data, resulting in average scores (UWDDS1-3, PWWDDS1-3, and VWDDS1-3) for each participant. These were used to determine community averages, averages for males and females in each community, and standard errors and standard deviations for both. Significant differences between the mean community and sex scores were determined using One-Way ANOVA Means Comparison and Tukey post-hoc analysis in SPSS version 21 (SPSS, Inc., Chicago IL), with mean difference set as significant at 0.10 because of the small sample sizes for all of the data gathered.  Pearson correlations were also run in SPSS to determine if there were any significant linear relationships between the mean scores and the measures of market integration developed by Houck (2013) that were used as a starting point for the hypotheses of this project. The mean individual scores were divided into tertiles in SAS 9.3 (SAS Institute, Cary NC) separating the lowest, middle, and highest scores into three comparably sized groups. This allowed for comparison between the scores in those tertiles and a continuous dependent variable and made it possible to discern relationships that were not evident when looking at the scores across the communities. 
OBJECTIVE MEASURES OF HEALTH
Objective measures of health, which can be contrasted with subjective measures such as information gathered from focus groups or self-rated health measures, gauge health in a more traditionally medical way. The measures used in this project were anthropometric status, hemoglobin, and the presence of illness symptoms. The information for the methods used in this data collection were summarized from Houck et al 2013 and Lu and Sorensen 2013. 
Anthropometric assessments consisted of height (cm), weight (kg), and skinfolds (triceps, biceps, subscapular and suprailliac) for 191 adult participants (over 15 years of age). Height was measured to the nearest 1 mm using a Seca 214 portable stadiometer (Seco Corporation, Hanover, MD). Weight was measured to the nearest 100 g using a Seca standing spring scale and BMI was calculated from height and weight measurements using the formula mass (kg)/height (m2). Biceps, triceps, subscapular and suprailliac skinfolds were measured to the nearest 0.5 mm using a Lange skinfold caliper (Beta Technology, Santa Cruz, CA). Triceps, subscapular and suprailliac skinfold z-scores were calculated based on NHANES, resulting in age and sex standardized measures of body fatness for the 191 adult participants. 
Anemia was measured using 5-10 drops of whole blood collected from finger pricks. To collect blood spots, five drops of capillary blood were applied to filter paper that is used for neonatal screening (Schleicher and Schuell, Keene, NH). Participants’ finger was cleaned with alcohol and a disposable, sterile micro lancet was used to prick their finger. Hemoglobin was measured from the blood spots of 212 adults using a Hemocue device (HemoCue, Lake Forest, CA) in the field, and low hemoglobin was determined based on accepted standards—at or below 13.5 grams of hemoglobin per deciliter for men and at or below 12 grams per deciliter for women. While working in Quehueiri-ono (community #6), the Hemocue device broke so researchers could not collect hemoglobin data from that community. 
Symptoms data were collected using a standardized set of questions (base questionnaire can be found in Appendix 1b). Participants were asked if they currently had any symptoms of illness and if they had any of 39 different specific symptoms at the time of the interview. The 39 symptoms covered a wide range targeted to the symptoms usually seen in this area or of particular concern in a developing context. Participants could answer yes to as many as they felt they had symptoms of. This information was taken from adult participants in all seven communities, resulting in data for 175 adults. This was used to produce a count of the number of people reporting any symptoms of illness at the time of the interview, and then a count of participants with each listed symptom, in each community. Data analyses to determine means, standard deviations, standard errors, and z-scores and to determine any correlations or significant differences were carried out in SAS 9.3 and SPSS 21. Essentially all of the same analyses were done on these measures of health as the scoring systems (described above). 








5: RESULTS —FOOD VARIETY AND DIET DIVERSITY SCORES

Diet records data collected from 110 participants, resulting in a total of 490 person-days of food intake. These observations were used to create a mean score for each participant using each scoring system—Food Variety and Diet Diversity with multiple levels of aggregation and types of weighting. As seen in Table 2a, the sample sizes varied somewhat between the communities and between sexes within each community. In terms of ethnicity, there were 36 Kichwa, 20 Cofán, 27 Shuar, and 27 Huaorani that participated in this part of the study. This sample was restricted to adults, so ages ranged between 15 and 65 with a mean age of 28.2 years (± 10.68). 

DIETARY QUALITY—FOOD VARIETY SCORES:
Food Variety Scores (FVS), or a count of the total number of foods consumed during a day period for each individual, are a proxy measure of dietary quality. By determining how many foods a person is consuming, FVS show diet breadth in terms of the simple quantity of foods being consumed. After removing all entries that could be categorized as seasonings or water (see methods and analyses section), mean FVS were calculated for each participating individual and then for each community.  Over all of the communities, the mean FVS feel between 5.38 and 10.10, with an average score of 7.49 (±1.72)[footnoteRef:3]. The mean FVS for Yana Rumi, one of the three Kichwa study communities, was 5.70 (±2.82) (see Table 2a and Figure 2a for all community means). The mean score for Pastaza, also a Kichwa community and in close proximity to Yana Rumi, was 5.38 (±1.10). The mean FVS for Zábalo, the Cofán study community, was 6.53 (±1.41). The average score in Pilchí, the third Kichwa study community, was 8.42 (±3.30). The average FVS for Tiguano, the Shuar study community, was 10.10 (±2.61). The mean FVS for Quehueiri-ono, one of the two Huaorani study communities, was 7.62 (±1.96). The mean FVS for Gareno, the other Huaorani study community and the community with road access and public transportation, was 8.67 (±2.89).  [3:  This format of mean value (±standard deviation) will be used throughout the paper] 

Table 2a: Mean FVS (±SD) by Community
	[bookmark: OLE_LINK1]Community
	n
	Mean FVS (± SD)

	1: Yana Rumi
            Males
            Females
	18
8
8
	5.70 (±2.82)
    5.38 (±2.36)
    6.14 (±3.48)

	2: Pastaza
            Males
            Females
	9
5
3
	5.38 (±1.10)
    5.09 (±0.97)
    6.06 (±1.35)

	3: Zábalo
            Males
            Females
	20
7
10
	6.53 (±1.41)
    6.36 (±0.75)
    6.82 (±1.29)

	4: Pilchí
            Males
            Females
	9
4
2
	8.42 (±3.30)
    9.32 (±4.52)
    8.67 (±0.13)

	5: Tiguano
            Males
            Females
	27
12
12
	10.10 (±2.61)
    9.89 (±2.51)
    10.10 (±2.84)

	6: Quehueiri-ono 
            Males
            Females
	13
 6
 5
	7.62 (±1.96)
    7.55 (±1.93)
    7.24 (±2.22)

	8: Gareno
            Males
            Females
	14
6
8
	8.67 (±2.89)
    7.03 (±1.56)
    9.91 (±3.12)


[image: ]
Figure 2a: Mean FVS by Community 

The lowest scores were found in the two neighboring Kichwa communities, Yana Rumi and Pastaza. Their scores (5.70 and 5.38) were very similar, though scores in Yana Rumi fell over a wider range (SD ±2.82 vs. ±1.10). Pastaza had a score that was statistically significantly lower than Pilchí (p=0.092)[footnoteRef:4], Gareno (p=0.030) and Tiguano (p=0.000). Yana Rumi has a significantly lower score than Pilchí (p=0.074), Gareno (p=0.014) and Tiguano (p=0.000). Zábalo, the Cofán study community, had a slightly higher average score of 6.53, with a low standard deviation of all of the communities showing the narrower range of scores within the community. This score was significantly lower than Tiguano (p=0.000). Quehueiri-ono had a higher score of 7.62, which was also significantly lower than Tiguano (p=0.047). Pilchí and Gareno had similar scores of 8.42 and 8.67 respectively, though the standard deviation in Pilchí was very high (±3.30). Tiguano, the Shuar community, had the highest FVS at 10.10, which was significantly higher than all of the communities except Pilchí and Gareno (p=1.00 and 0.918), showing the high variety of different foods being consumed in the community.  [4:  Statistical significance was set at 0.10 for all p-values because of the small sample sizes in this research] 

Looking at FVS within communities by sex (see Table 2a), there are some significant differences between the means for men and women (see Figure 2b). There is some difference between the mean FVS for men and women in all of the communities, but significant difference is only seen in Gareno (p=0.062) where men have an average score of 7.03 (±1.56) and women have an average score of 9.91 (±3.12). Based on this, women living in Gareno consume a diet with much higher food variety than men. It is also notable that in all other communities males consume diets with higher food variety.
[image: ]
Figure 2b: Mean FVS for Males and Females by Community


DIERT QUALITY—DIET DIVERSITY SCORES:
There was little difference seen between the score produced by the first level of aggregation (DDS1) and the second level of aggregation (DDS2) (e.g. 3.22 vs. 3.14 for Yana Rumi’s UWDDS), and there was no difference between DDS2 and the score produced by the third level of aggregation (DDS3) in almost all cases. The DDS1 scores were almost uniformly higher than the DDS2 scores, despite the fact that more points were possible with the DDS2 aggregation. This could be because scores were artificially inflated in the first aggregation system, or because the second and third aggregation systems were resulting in the opposite. I chose to proceed under the assumption that the first system was artificially inflating scores, making it look as if higher diet diversity was being achieved because the possible food groups did not adequately represent the actual breadth of diet. This resulted in the higher scores seen in DDS1, despite the higher possible scores for DDS2 and DDS3, and made DDS2 the more suitable aggregation system to use. Even if this assumption is not correct, the differences between the two levels of aggregation are so small and the differences across communities are so similar that it is unlikely that this it would alter or invalidate the conclusions of the project (see Appendix 2a for all DDS values). 
The mean DDS for all of the communities can be seen in Table 2b, including a breakdown of the scores by sex in each community. 

Table 2b: DDS2 Scores (±SD) for All Communities, Unweighted, Protein Weighted, and Value Weighted
	Community
	n
	Mean UWDDS (± SD)
	Mean PWDDS (± SD)
	Mean VWDDS (± SD)

	1: Yana Rumi
            Males
            Females
	18
   8
   8
	3.14 (±1.35)
    3.07 (±0.39)
    3.23 (±0.62)
	3.96 (±1.93)
    3.83 (±0.54)
    4.07 (±0.91)
	5.75 (±2.86)
    5.59 (±0.86)
    5.85 (±1.31)

	2: Pastaza
            Males
            Females
	9
   5
   3
	3.47 (±0.18)
    3.32 (±0.23)
    3.88 (±0.22)
	4.69 (±0.76)
    4.38 (±0.29)
    5.35 (±0.41)
	7.04 (±1.19)
    6.49 (±0.39)
    8.19 (±0.64)

	3: Zábalo
            Males
            Females
	20
   7
   10
	2.27 (±0.43)
    2.20 (±0.12)
    2.31 (±0.17)
	3.03 (±0.69)
    2.84 (±0.20)
    3.06 (±0.25)
	4.95 (±1.05)
    4.63 (±0.31)
    4.98 (±0.36)

	4: Pilchí
            Males
            Females
	9
   4
   2
	4.21 (±1.20)
    4.07 (±0.08)
    4.30 (±0.49)
	5.61 (±1.56)
    5.39 (±1.01)
    5.55 (±0.55)
	8.20 (±2.08)
    7.82 (±1.28)
    8.07 (±0.61)

	5: Tiguano
            Males
            Females
	27
  12
  12
	4.96 (±0.91)
    4.84 (±0.27)
    5.01 (±0.28)
	6.43 (±1.29)
    6.29 (±0.41)
    6.50 (±0.39)
	9.14 (±1.77)
    9.03 (±0.56)
    9.24 (±0.54)

	6: Quehueiri-ono 
            Males
            Females
	13
   6
   5
	3.94 (±0.72)
    4.08 (±0.28)
    3.54 (±0.32)
	5.12 (±1.08)
    5.38 (±0.42)
    4.51 (±0.49)
	7.47 (±1.70)
    7.91 (±0.68)
    6.54 (±0.79)

	8: Gareno
            Males
            Females
	14
   6
   8
	4.28 (±0.78)
    3.81 (±0.32)
    4.64 (±0.21)
	5.38 (±1.02)
    4.71 (±0.42)
    5.88 (±0.25)
	7.72 (±1.58)
    6.79 (±0.67)
    8.42 (±0.42)
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Figure 2c: Unweighted Diet Diversity Score (UWDDS) based on the second system of aggregation, by community 

The Unweighted Diet Diversity Scores (UWDDS), which simply gave a point for each food group attained within the day period (maximum score for UWDDS: 23), ranged between 2.27 and 4.96 with an average score of 3.75 overall. Zábalo had the lowest score at 2.27 (±0.43), a mean statistically significantly lower than all of the other communities—Yana Rumi (p=0.055), Pastaza (p=0.21), Quehueiri-ono (p=0.000), Pilchí (p=0.000), Gareno (p=0.000) and Tiguano (p=0.000) (see Figure 2c). Yana Rumi and Pastaza had similar, slightly higher scores at 3.14 (±1.35) and 3.47 (±0.18). Yana Rumi’s score was significantly lower than Pilchí (p=0.055), Gareno (p=0.009), and Tiguano (p=0.000). Pastaza’s score was significantly lower than Tiguano (p=0.001).  Quehueiri-ono had the next highest score at 3.94 (±0.72), which was also significantly lower than Tiguano (p=0.019). Pilchí had the next highest score at 4.21 (±1.20), followed by Gareno at 4.28 (±0.78). Tiguano, the Shuar community, had the highest score with a community average of 4.96 (±0.91). Tiguano’s score was significantly higher than all of the communities except Pilchí and Gareno (p=0.630 and 0.256). 
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Figure 2d: Protein Weighted Diet Diversity Score based on the second system of aggregation, by community 


The Protein Weighted Diet Diversity Scores (PWDDS), which were weighted to score higher for protein rich foods and reflect consumption of those higher quality foods (maximum score for PWDDS: 35), ranged from 3.03 to 6.43 with an average score of 4.89 overall (see Figure 2d). Zábalo had the lowest score at 3.03 (±0.69), which was significantly lower than Pastaza (p=0.025), Quehueiri-ono (p=0.000), Pilchí (p=0.000), Gareno (p=0.000), and Tiguano (p=0.000). Yana Rumi and Pastaza had slightly higher scores (3.96 (±1.93) and 4.69 (±0.76)). Yana Rumi’s average score was significantly lower than Pilchí (p=0.016), Gareno (p=0.035) and Tiguano (p=0.000) and Pastaza’s score was significantly lower than TIguano (p=0.010). Quehueiri-ono’s score was very close to Pastaza’s though slightly higher, at 5.38 (±1.02), and Gareno had the next highest score at 5.38 (±1.02). Quehueiri-ono’s score was significantly lower than Tiguano (p=0.045). Tiguano had the highest PWDDS2 at 6.43 (±1.29), which was significantly higher than all of the communities except Pilchí and Gareno (p=0.887 and 0.174) . 
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Figure 2e: Value Weighted Diet Diversity Score based on the second system of aggregation, by community 


The Value Weighted Diet Diversity Scores (VWDDS), which were weighted to attempt to take the overall nutritional value of foods into account (maximum score for UWDDS: 52), followed almost the same pattern, though Yana Rumi and Pastaza were not as similar in this scoring system. The scores ranged from 4.95 to 9.14 with an average score of 7.18 overall (see Figure 2e). Zábalo had the lowest score at 4.95 (±1.05), and Yana Rumi had the slightly higher score of 5.75 (±2.86). Zábalo’s mean score was significantly lower than Pastaza (p=0.080), Quehueiri-ono (p=0.004), Gareno (p=0.001), Pilchí (p=0.000) and Tiguano (p=0.000) and Yana Rumi’s was significantly lower than Pilchí (p=0.014), Gareno (0.052), and TIguano (p=0.000). Pastaza, with a score of 7.04 (±1.19), and Quehueiri-ono, with a score of 7.47 (±1.70), had slightly higher diet diversity. Pastaza’s mean score was significantly lower than Tiguano (p=0.059). Gareno and Pilchí, with scores of 7.72 (±1.58) and 8.20 (±2.08), were next and Tiguano had the highest VWDDS (as well as UWDDS and PWDDS) with a score of 9.14 (±1.77). Tiguano’s VWDDS2 was significantly higher than all of the communities except Quehueiri-ono, Gareno, and Pilchí (p=.117, 0.241, and 0.972). This pattern:

Figure 2f: Aggregate Pattern of Diet Diversity Across Communities
is seen in all of the scoring systems, reflecting the cross-community trends in diet diversity. The trends are also seen in Figure 2f, which shows the percentage of total possible points attained by each community for each scoring system. This places all of the scores on a 100% scale and makes it possible to compare between the communities for all of the scoring systems at once. This clearly reflects the pattern laid out above while also showing other interesting trends in the DDS data. Namely, the unweighted scores are higher (relative to the possible total) than both other scoring systems and the value weighted scores are lowest in all cases except Zábalo. This means that Zábalo is the only community that scored higher for the perceived value of foods than for the protein content of foods, perhaps reflecting consumption or more nutritious but low protein foods—such as fruits and vegetables that would be consumed in a traditional diet. 
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Figure 2g: All Scores by Community, DDS Scaled Based on Total Points Possible, Percentage of Possible Score 


For all of the communities, there where few instances where a significant difference was seen between the DDS values for males and females (see Figures 2g-i and Table 2b above, see Appendix 2b for all DDS values by sex). Generally, males and females had similar scores with women usually having slightly higher scores than men. UWDDS, PWDDS, and VWDDS for Pastaza are all exceptions to the trend of similarity of male and female average scores, with females having significantly higher average scores (UWDDS=3.88 (±0.22), PWDDS=5.35 (±0.41), VWDDS=8.19 (±0.64)) compared to males though the difference is not statistically significant (UWDDS=3.32 (±0.23), PWDDS=4.38 (±0.29), VWDDS=6.49 (±0.39)) (p-values for all 2 scores=0.722). This difference is particularly large in VWDDS2, perhaps suggesting that women not only had higher diversity but also consumed better quality diets in this community. A significant difference between males and females is also seen in the average scores of Gareno. Females have significantly higher UW, VW and PWDDS (4.64 (±0.21), 5.88 (±0.25), 8.42 (±0.42)) compared to males (3.81 (±0.32), 4.71 (±0.42), 6.79 (±0.67)) (p values=0.042, 0.028, and 0.052, respectively). Also notable, though not statistically significant, is the reversal of the sex trend seen in all other communities—women having higher scores than men—in Quehueiri-ono. For all of the weighting systems, men had higher scores than women in Quehueiri-ono. 
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Figure 2h: Unweighted DDS for Males and Females by Community
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Figure 2i: Protein Weighted DDS for Males and Females by Community
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Figure 2j: Value Weighted DDS for Males and Females by Community










SIGNIFICANT PATTERNS AND CORRELATIONS:

 	Taking the spectrum illustrated above for the pattern seen in DDS values across the weighting systems, a similar spectrum can be created for the FVS. Putting these two together, comparisons can be made between the patterns seen across the study communities.  

Figure 2k: Mean Food Variety Scores Across Communities

Figure 2l: Mean Diet Diversity Scores Across Communities

SUMMARY OF MAIN FINDINGS
Overall, the cross-community differences in FVS and DDS follow a similar pattern. The exception to this is seen with the transposition of Zábalo and Pastaza in the spectra. Pastaza has the lowest overall FVS with mid-level DDSs and Zábalo has a mid-level FVS with the lowest overall DDSs. This can be interpreted to mean that at the community level Pastaza has low consumption of unique foods but the foods that are consumed come from a good range of food groups, and that in Zábalo a large number of unique foods are being consumed but those foods are coming from only a few food groups. Either way, these two communities are lacking in one of the factors contributing to good dietary quality. This difference between the values seen in Zábalo is also seen in the different sex-based trend in the DDS averages for males and females discussed above.  Generally, women have higher diet diversity than men (reflecting wider diet breadth and better estimated nutrition), but the opposite is true in Zábalo. Otherwise, Yana Rumi has low diet diversity and food variety, Quehueiri-ono has mid-level diet diversity and food variety, Pilchí has relatively high diet diversity and food variety, and Tiguano has the highest overall diet diversity food variety from these communities. 
	Beyond the descriptive aspects of these scores, the project was also undertaken with a hypothesis for how FVS and DDS would relate to an established level of community market integration. This was proposed as the pattern that would be seen in these communities: 

Figure 2m: Aggregate Pattern of Diet Diversity Across Communities (also Figure Figure 2f)

For now, only diet breadth will be addressed in relation to level of MI. Clearly there are differences between this community spectrum and the one laid out on the preceding page. The relationship between these measures of dietary quality and community integration into the market economy is not linear as I thought it might be—dietary quality and breadth as determined by these scoring systems do not decrease as community market integration increases. Rather, the relationship between market integration and diet is much more complex, as is made clear by these two spectra. The nature of this relationship was examined further using Pearson correlations in SAS. These correlations show if there is any statistically significant linear relationship between two variables. In this part of the project I ran correlations for FVS, UWDDS, PWDDS, VWDDS, the percent of household hours spent hunting and gathering, the percent of household hours spent buying, the percent of household hours spent selling, and the percent of household hours spent doing paid labor (these last four were developed for Houck et al 2013 and were used as a starting point for this project). These results of these analyses can be seen in Table 2e. 
Overall, there were few associations between these measures of market integration and the diet scores. There were no associations between FVS and any of the time allocation categories. This means that there is not a statistically significant linear relationship between the food variety scoring system and these measures of market integration. This can be extrapolated to conclude that there is not a significant linear relationship between food variety and market integration in these communities. All three diet diversity scores—unweighted, protein weighted and value weighted—were positively associated with the amount of time a household spent buying items. This indicates that as more things are purchased, and more money is put into the market economy, the diversity of food groups foods are consumed from increases. Because of this relationship, it is reasonable to draw the conclusion that increasing market integration has a positive impact on diet diversity. Rather than there being a negative relationship between market oriented activities and diet as I thought there would be, there is this positive associations with buying. It seems possible that rather than the pattern seen in these communities being a move away from traditional subsistence in favor of market oriented activities, these two ways of allocating household time coexist in these populations. This seems to show that those with the best diet quality are not those who spend the most time on traditional subsistence, but rather those who utilize both food sources to increase the breadth of their diets as they supplement traditional foods with market foods. 
Table 2e: Pearson Correlations for Household Time Allocation, Food Variety Score and Diet Diversity Score
	 
	 
	FVS
	UWDDS
	PWDDS
	VWDDS

	Percent of time spent hunting and gathering 
	Pearson Correlation
	0.09
	0.11
	0.10
	0.11

	
	Sig.
	0.35
	0.27
	0.29
	0.24

	
	N
	110.00
	110.00
	110.00
	110.00

	Percent of time spent selling
	Pearson Correlation
	0.03
	0.13
	0.13
	0.13

	
	Sig.
	0.78
	0.16
	0.18
	0.17

	
	N
	110.00
	110.00
	110.00
	110.00

	Percent of time spent buying
	Pearson Correlation
	0.09
	0.23
	0.22
	0.20

	
	Sig. 
	0.36
	0.016*
	0.021*
	0.033*

	
	N
	110.00
	110.00
	110.00
	110.00

	Percent of time spent being paid for labor
	Pearson Correlation
	0.02
	0.00
	0.01
	0.03

	
	Sig. 
	0.82
	1.00
	0.95
	0.72

	
	N
	110.00
	110.00
	110.00
	110.00


*statistically significant correlations

This relationship between buying and diet diversity is very interesting, so I decided to examine it further. I divided the samples for each of the time allocation markers except paid labor (the number of participants actually reporting doing any paid labor was very low, so this variable was not used in any further analyses) into tertiles to examine any differences between the relationships between the lowest and highest thirds of time allocation and diet scores. This was intended to emphasize the patterns that were present in the continuous data and possibly show any relationships that were not significant enough to be correlated or that are present but non-linear. The graphs of these tertile-based analyses can be seen as Figures k-l. In all of these graphs the increase present between the lowest and the highest thirds for the DDS systems can be seen. These are most pronounced for time spent buying, with a less significant relationship seen for time spent hunting and gathering and time spent selling. This reinforces the conclusions made based on the correlation between DDS and buying, and reflects the presence of this pattern of increasing diet quality as time spent hunting and gathering and time spent selling increase. This supports the idea that a strategy of dual subsistence is what leads to the highest diet scores and best diet quality—people who hunt and gather while also utilizing access to market foods eat foods from more food groups and likely have more stable food access because of it. 


Figure 2n: Tertiles of Time Spent Hunting and Gathering and Mean Scores 




Figure 2o: Tertiles of Time Spent Buying and Mean Scores 


Figure 2p: Tertiles of Time Spent Selling and Mean Scores 

The next step to understanding how market integration has impacted these communities was determining how these measures of dietary quality are related to health. To do that, I began by providing a view of each objective measure of health in the study samples, followed by an overview of health in each community. This gives a comparative view of health outcomes in this region, provide an understanding of health relative to other study communities with different levels of market integration. Then I will relate those measures of health to the different diet scores I determined to see if they are related to health outcomes.  FVS and DDS may not be easily related to a level of market integration, but it is possible that they are related to objective measures of health, reflecting and impact of dietary quality on health in these communities.  






























6: RESULTS—OJECTIVE MEASURES OF HEALTH

HEALTH OUTCOMES—BMI: 
	BMI, or body mass index calculated as mass (kg)/height (m2), is used as a standardized measure of body fatness. Having a BMI of less than 18.5 means someone is underweight, or has a body weight that is too low to be considered healthy for their height. Normal BMI ranges from 18.5 to 24.9 and signifies that someone is a healthy weight for their height. Overweight, or being heavier or fatter than is healthy for their height, ranges from 25 to 29.9 and obesity, having a BMI at least 20% higher than ‘normal’ and having enough body fat that it could have a negative impact on health, is any BMI above 30. BMIs of participants within each community were used to determine the average BMI for each community and for men and women within each community (Table 3a and Figure ea). The lowest mean BMI was found in Pastaza (22.79 (±1.87)), which was significantly lower than the means in Zábalo (p=0.037) and Gareno(p=0.022). The next lowest was found in Quehueiri-ono (23.22 (±1.87)), which was significantly lower than Gareno (p=0.058). The mean BMI was only slightly higher in Pilchí (23.49 (±2.32)), which was also significantly lower than Gareno (p=0.096). The next lowest mean was in Yana Rumi (24.39 (±2.23)), and Gareno (25.80 (±3.77) and Zábalo (25.93 (±3.52)) had very similar means that were the highest seen in these communities. All of these means fall over a relatively narrow range, and all except Gareno and Zábalo are within the limits of what is considered healthy BMI. The means of Gareno and Zábalo do fall into what is considered overweight, signifying higher than healthy weight-for-height at the community level, but they are only slightly above the cutoff for healthy BMI. 


Table 3a: Average BMIs by Community and Sex
	Community
	n
	Average BMI in kg/m2 (±SD)

	1: Yana Rumi
            Males
            Females
	21
   10
   11
	24.39 (±2.23)
   23.73 (±1.80)
   24.98 (±2.49)

	2: Pastaza
            Males
            Females
	24
   13
   11
	22.79 (±1.87)
   23.60 (±1.77)
   21.83 (±1.55)

	3: Zábalo
            Males
            Females
	44
   20
   24
	25.93 (±3.52)
   26.41 (±3.07)
   25.52 (±3.88)

	4: Pilchí
            Males
            Females
	33
   16
   17
	23.49 (±2.32)
   23.52 (±2.30)
   23.47 (±2.41)

	5: Tiguano
            Males
            Females
	31
   18
   13
	24.03 (±3.15)
   24.07 (±2.80)
   23.96 (±3.71)

	6: Quehueiri-ono 
            Males
            Females
	18
   12
    6
	23.22 (±1.87)
   23.20 (±2.02)
   23.25 (±1.71)

	8: Gareno
            Males
            Females
	20
    8
   12
	25.80 (±3.77)
   24.57 (±2.34)
   26.62 (±4.39)




Figure 3a: Average BMIs by Community

	Overall, there are few differences between the average BMI values for men and women within each community. The means for males and females are almost identical in Pilchí, Tiguano, and Quehueiri-ono (see Table 3a and Figure 3b). The mean for women is slightly lower than men in Zábalo, though the difference is not statistically significant (p=0.573). In Yana Rumi and Gareno the means for men are slightly lower than for women, though the differences are not statistically significant in either case (p=0.169 and 0.404, respectively). Pastaza is the one community where there is a significant difference between the mean for males and the mean for females, with males having a significantly higher mean (23.60 (±1.77) vs. 21.83 (±1.55), p-value=0.016). But, in general the BMI values of males and females at the community level are very similar and fall within a narrow range (21.83 to 26.62). 
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Figure 3b: Average BMIs by Sex within Communities

	Beyond looking at BMI at by community and sexes within communities, it is also useful to look at the portions of the sample population within each community whose BMI’s fall outside of the healthy range. This is laid out in Table 3b; essentially participants who were underweight, overweight, or obese were noted and the percentage of the community population each of those weight groups constituted was calculated. This can also be seen in Figure 3c. All of the communities had participants who were overweight, with from 8.78% (Pastaza) to 54.55% (Zábalo) of the sample population falling into that group. Only Zábalo and Gareno had underweight participants (2.27% and 5.00%, respectively) and those two along with Pilchí and Tiguano (6.82%, 3.03%, 3.23%, and 20.00%) had obese participants. The presence of obesity in these communities is concerning, signaling the presence of a chronic disease often linked with the changes in diet and behavior brought with market integration. More concerning in terms of nutrition is the presence of both underweight and obesity in two of these communities, and the two communities with the largest percentages of obese individuals. This dual burden of under nourishment and over nourishment, both of which can negatively impact health in different ways is notable (particularly within such small samples) and possibly indicative of the presence of different subsistence strategies within communities, resulting in a range of nutritional health within the small samples as people with different food sources eat different diets, and a related state of transition in these communities. Generally this type of dual burden is discussed in reference to adults and children living in the same household (see Popkin 2001 and Houck 2013), but it seems plausible that adults within communities undergoing this transition to higher market integration are variably impacted by changes, resulting in the presence of both under and over nutrition. 
Table 3b: Notable BMI Values—Underweight, Overweight, and Obese Persons in Each Community
	Community
	Underweight Persons (% of Community Sample)
	Overweight Persons (% of Community Sample)
	Obese Persons (% of Community Sample)

	1: Yana Rumi

	0

	7(28.70)

	0

	2: Pastaza
	0

	2(8.78)

	0

	3: Zábalo

	1(2.27)

	24(54.55)

	3(6.82)

	4: Pilchí

	0

	3(9.09)

	1(3.03)

	5: Tiguano
	0

	10(32.36)

	1(3.23)

	6: Quehueiri-ono 

	0

	3(12.92)

	0

	8: Gareno
	1(5.00)
	9(45.00)
	4(20.00)
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Figure 3c: Compositions of Community Samples by BMI Categorization



HEALTH OUTCOMES—BICEPS, TRICEPS, SUBSCAPULAR, AND SUPRAILLIAC SKINFOLDS:
Skinfolds, or measurements of folds of skin and fat taken at specific places on the body, estimate body fatness based on the size of the fold. This is a supplementary measure to BMI, reflecting actual percent body fat and body composition much more accurately. In this research four skinfolds were taken—biceps, triceps, subscapulars, and suprailliacs—from 191 participants in the seven communities. Community means were calculated based on the values collected from participants in each community and all of these values can be seen in Table 3c and in Figure 3d. The lowest mean biceps skinfolds were in Quehueiri-ono at 4.05 (±2.06), which was statistically significantly lower than the means found in Zábalo (p=0.000) and Pilchí (p=0.013). Yana Rumi had the next lowest mean at 6.33 (±3.97), which was also significantly lower than Zábalo’s (p=0.000). Tiguano and Pastaza had very similar, slightly higher biceps skinfolds (6.34 (±4.80) and 5.55 (±2.94)), which were significantly lower than the mean in Zábalo (p=0.000 for both). Gareno had a slightly higher mean at 8.11 (±5.63), which was still significantly lower than the mean found in Zábalo (p=0.000), as did Pilchí (9.43 (±4.98), p=0.001). Zábalo had the highest mean of biceps skinfolds by far with 14.68 (±8.40), a value significantly higher than the means found in all of the other communities. 
	The lowest mean of triceps skinfolds was found in Quehueiri-ono at 6.58 (±3.38), which was significantly lower than the means in Yana Rumi (p=0.081), Pastaza (p=0.065), Pilchí (p=0.011), Tiguano (p=0.010) and Zábalo (p=0.000). Gareno had a much higher mean at 11.13 (±4.50), which was significantly lower than Zábalo (p=0.043). Pastaza and Yana Rumi had very similar, slightly higher means at 11.36 (±5.25) and 11.35 (±4.80), which were significantly lower than Zábalo (p=0.040 and 0.059, respectively). Pilchí also had very similar mean at 11.86 (±4.10), which was significantly lower than Zábalo (p=0.042). Tiguano had the next lowest mean at 12.06 (±5.08), which was significantly lower than Zábalo (p=0.100) and Zábalo had the highest mean for triceps skinfolds at 15.32 (±6.60). 
	The lowest mean of subscapular skinfolds was found in Quehueiri-ono at 9.61 (±2.46), which was significantly lower than the mean found in Zábalo (p=0.000). Pastaza and Pilchí had similar, higher means (10.11 (±3.26) and 10.42 (±2.21)), which were also significantly lower than Zábalo (p=0.000 for both). The next lowest mean was found in Gareno with 11.23 (±4.42), which was, again, significantly lower than Zábalo (p=0.000). 
Tiguano and Yana Rumi had the next lowest scores as 13.86 (±5.16) and 14.37 (±5.62) respectively, which were significantly lower than Zábalo (p=0.000 and 0.010). 
Zábalo had the highest mean of subscapular skinfolds at 19.77 (±9.62), a value significantly higher than all of the other communities by a wide margin. 
	The lowest mean suprailliac skinfold was found in Quehueiri-ono at 6.52 (±2.83), which was significantly lower than the means found in Pastaza (p=0.057), Tiguano (p=0.001), Zábalo (p=0.000), and Yana Rumi (p=0.000). The next lowest mean was found in Pilchí at 9.80 (±3.88), which was significantly lower than Tiguano (p=0.082), Zábalo (p=0.000), and Yana Rumi (p=0.000). Gareno and Pastaza had similar, higher scores at 11.54 (±6.40) and 11.90 (±4.15), which were significantly lower than Zábalo (p=0.007 for both) and Yana Rumi (p=0.027 and 0.032, respectively). Tiguano had the next lowest score at 13.98 (±6.37), followed by Zábalo at 17.35 (±8.34). Yana Rumi had the highest score at 17.51 (±5.27). 
	Quhueiri-ono had the lowest values for all four skinfolds taken, showing the low body fatness of participants living in that community. At the other end of the range of values found, Zábalo had the highest means for all except the suprailliac skinfolds. For biceps, triceps, and subscapular skinfolds the mean in Zábalo was not only the highest found in these communities, it was statistically significantly higher than the means found in all other communities, showing the large difference between body fatness of participants in Zábalo and all of the other study communities. Notable beyond just the community means, Zábalo has remarkably high standard deviations for all of the skinfolds, showing high variability in the measurements found in that community on top of the high values of the measurements discussed. 	
Table 3c: Mean Biceps, Triceps, Subscapular, and Suprailliac Skinfolds by Community and Sex
	Community
	n
	Mean biceps in mm (±SD)
	Mean triceps in mm (±SD)
	Mean subscapular in mm (±SD)
	Mean suprailliac in mm (±SD)

	Yana Rumi
    Males
    Females
	21
10
11
	6.33 (±3.97)
    3.87 (±2.12)
    8.56 (±3.99)
	11.36 (±5.25)
    7.33 (±3.26)
   15.01 (±3.82)
	14.37 (±5.62)
     9.67 (±2.18)
   18.64 (±4.09)
	17.51 (±5.27)
   14.77 (±2.18)
   20.00 (±4.78)

	Pastaza
    Males
    Females
	24
13
11
	5.55 (±2.94)
    4.62 (±1.48)
    6.67 (±3.84)
	11.35 (±4.80)
    9.64 (±4.70)
   13.36 (±4.25)
	10.11 (±3.26)
    9.53 (±2.52)
   10.80 (±3.98)
	11.90 (±4.15)
   12.58 (±3.93)
   11.11 (±3.98)

	Zábalo
    Males
    Females
	45
20
25
	14.68 (±8.40)
    7.23 (±4.02)
   20.64 (±5.79)
	15.32 (±6.60)
    9.45 (±3.97)
   20.01 (±3.90)
	19.77 (±9.62)
   12.95 (±4.03)
   25.23 (±9.34)
	17.35 (±8.34)
   12.05 (±3.91)
   21.59 (±8.57)

	Pilchí
    Males
    Females
	34
17
17
	9.43 (±4.98)
    6.61 (±3.56)
   11.98 (±4.26)
	11.86 (±4.10)
    9.90 (±2.42)
   13.47 (±3.81)
	10.42 (±2.21)
   10.59 (±2.54)
   10.22 (±1.93)
	9.80 (±3.88)
    9.40 (±4.02)
    9.52 (±3.46)

	Tiguano
    Males
    Females
	31
18
13
	6.34 (±4.80)
    5.11 (±3.55)
    8.05 (±5.56)
	12.06 (±5.08)
    9.48 (±2.82)
   15.64 (±5.42)
	13.86 (±5.16) 
   13.07 (±5.38)
   14.95 (±4.83)
	13.98 (±6.37)
   12.26 (±5.25)
   16.36 (±7.20)

	Quehueiri-ono
    Males
    Females
	18
13
  5
	4.05 (±2.06)
    3.45 (±1.71)
    5.83 (±2.25)
	6.81 (±3.79)
    5.77 (±3.27)
    9.87 (±4.06)
	9.61 (±2.46)
    8.81 (±1.92)
   11.83 (±2.79)
	6.52 (±2.83)
    6.05 (±3.13)
    8.05 (±1.52)

	Gareno
    Males
    Females
	20
  9
11
	8.11 (±5.63)
    4.34 (3.83)
   11.19 (±5.02)
	11.13 (±4.50)
    8.62 (±3.40)
   13.18 (±4.36)
	11.23 (±4.42)
    8.90 (±3.26)
   13.13 (±4.45)
	11.54 (±6.40)
    7.12 (±2.46)
   15.15 (±6.40)





Figure 3d: Mean Biceps, Triceps, Subscapular, and Suprailliac Skinfolds by Community

Skinfolds by themselves are not incredibly useful for making comparisons between sexes because men and women are known to have different percents of body fat that are considered healthy and they distribute fat differently. Because of this, I determined the z-scores for the triceps, subscapular and suprailliac skinfold measurements based on NHANES values. This standardized the skinfold measurements based on age and sex, allowing for comparisons between males and females in the sample despite innate differences in skinfold measurements between the groups. These z-scores for each community (not discussed here because it would parallel the discussion of the skinfolds above) and for males and females within each community can be seen in Table 3d and Figure 3e. For triceps, the mean z-scores are generally higher for males then females, showing the higher percent body fat of men in the arms in Pastaza, Pilchí, Tiguano, Quehueiri-ono, and Gareno. Yana Rumi and Zábalo are exceptions to this, with women having higher mean z-scores for triceps skinfolds. Zábalo also had the highest triceps z-score for women (-0.13 (±0.68)—women there had the highest body fat measured in their arms—while the lowest was seen in Quehueiri-ono (-1.77 (±1.04)). For men, the lowest z-score was also seen in Quehueiri-ono (-1.64 (±0.51)) and the highest was seen in Pilchí (-0.20 (±0.67)). 
For subscapular and suprailliac skinfold z-scores there was not a noticeable pattern of difference between the sexes. This perhaps suggests that differences in body composition affect these skinfold measurements more, and the differences between community and sex body fatness levels are highlighted in these measures. It is completely possible that males and females are eating differently while living in the same community, affecting these skinfold measures and the patterns seen. The subscapular z-scores for males and females were found in Pastaza (-1.62 (±0.85) and -1.85 (±0.87), respectively) and the highest were found in Tiguano for males (-0.56 (±1.052)) and Zábalo for females (0.57 (±0.78)). The lowest suprailliac z-scores were found in Quhueiri-ono for males and females (-2.13 (±0.63) and -1.86 (±0.90), respectively) and the highest were found in Yana Rumi (-0.66 (±0.71) and 0.18 (±0.48), respectively). Zábalo also has a very high mean suprailliac z-score for females compared to the other communities (0.085 (±0.82)). 
When looking at all of the z-scores together there are a few noticeable trends. When mean z-scores are low in a community, the scores are generally similar for males and females, but when the scores are higher the difference between the male and female means tends to be more pronounced. This perhaps reflects a trend of increased differentiation between the body fatness of males and females as body fatness increases overall, and perhaps as reliance on market foods increases. Females also have significantly higher z-scores for subscapular and suprailliac skinfolds than males in both Yana Rumi and Zábalo, though this is not seen in triceps z-scores or in any of the other communities. It is possible that this reflects a pattern of increased sedentarism in these communities, which could be affecting females more than males in these transitioning communities and be causing this pattern in these measures of fat because they are more sensitive in women then men. 

Table 3d: Triceps, Subscapular and Suprailliac skinfolds z-scores by community and sex
	Community
	n
	NHANES Triceps skinfold z-score
	NHANES Subscapular skinfold z-score
	NHANES Suprailiac skinfold z-score
	z-score SUM

	Yana Rumi
      Males
      Females
	21
   8
   7
	-0.99 (±1.14)
   -1.11 (±1.30)
   -1.02 (±1.17)
	-0.66 (±0.90)
   -1.38 (±0.91)
   -0.068 (±0.57)
	-0.26 (±0.65)
   -0.66 (±0.71)
    0.18 (±0.48)
	
-3.14 
-0.91 

	Pastaza
      Males
      Females
	24
  11
   8
	-1.011 (±1.06)
   -0.39 (±0.90)
   -1.51 (±0.97)
	-1.63 (±0.83)
   -1.62 (±0.85)
   -1.85 (±0.87)
	-1.23 (±0.74)
   -1.10 (±0.71)
   -1.36 (±0.84)
	
-3.10 
-4.72 

	Zábalo
      Males
      Females
	45
  15
  21
	-0.26 (±0.70)
   -0.51 (±0.97)
   -0.13 (±0.68)
	-0.0081 (0.98)
   -0.80 (±0.72)
     0.57 (±0.78)
	-0.39 (0.91)
   -1.01 (±0.64)
    0.085 (±0.82)
	
-2.33 
 0.53

	Pilchí
      Males
      Females
	37
  13
  14
	-0.74 (±0.90)
   -0.20 (±0.67)
   -1.21 (±0.87)
	-1.25 (±0.75)
   -0.90 (±0.91)
   -1.51 (±0.55)
	-1.40 (±0.85)
   -1.21 (±0.99)
   -1.62 (±0.85)
	
-2.31
-4.34

	Tiguano
      Males
      Females
	31
  14
   9
	-0.57 (±0.96)
   -0.35 (±0.83)
   -0.86 (±1.13)
	-0.61 (±0.99)
   -0.56 (±1.052)
   -0.63 (±1.04)
	-0.69 (±1.0028)
   -0.71 (±0.92)
   -0.57 (±1.21)
	
-1.62
-2.07

	Quehueiri-ono
      Males
      Females
	18
  10
   4
	
-1.54 (±0.79)
   -1.64 (±0.51)
   -1.77 (±1.04)
	
-1.40 (±0.80)
   -1.44 (±0.87)
   -1.21 (±0.92)
	
-2.01 (±0.72)
   -2.13 (±0.63)
   -1.86 (±0.90)
	

-5.21
-4.83

	Gareno
      Males
      Females
	20
    7
    9
	-0.94 (±0.95)
   -0.53 (±0.67)
   -1.66 (±0.76)
	-1.11 (±0.89)
   -1.52 (±0.70)
   -1.24 (±0.89)
	-1.06 (0.99)
   -1.73 (±0.36)
   -0.92 (±1.07)
	
-3.79
-3.82





Figure 3e: Mean Z-scores for Triceps, Subscapular and Suprailliac Skinfolds by Community


Figure 3f: Mean Z-scores for Triceps Skinfolds by Community and Sex


Figure 3g: Mean Z-scores for Subscapular Skinfolds by Community and Sex



Figure 3h: Mean Z-scores for Suprailliac Skinfolds by Community and Sex

Looking at the sums of these z-scores within sexes (Table 3d and Figures 3i and 3j) provides a view of the total variation in body fatness for males and females between these communities. Overall, Quehueiri-ono had the lowest summed z-scores for men (-3.79), followed by Gareno (-3.79), then Yana Rumi (-3.14), Pastaza (-3.10), Zabalo (-2.33), and Pilchi (-2.31); Tiguano had the highest summed z-scores (-1.62). For women, the lowest summed score was also seen in Quehueiri-ono (-4.83), followed by Pastaza (-4.72), Pilchí (-4.34), Gareno (-3.82), Tiguano (-2.07), and Yana Rumi (-0.91), with the highest score found in Zábalo (0.53). When comparing these two Figures, you see differences in the communities that have low summed scores between males and females. In both cases Quehueiri-ono and Gareno have low scores, but in females Pastaza and Pilchí also have very low scores. Looking back at Figures 3f-3h, it seems that this can be attributed to females having lower z-scores than males for all three types of skinfolds in those two communities. This resulted in cumulatively lower summed scores for females than males in those two cases. A large difference is also seen between males and females in the communities with the two highest summed scores for females—Yana Rumi and Zábalo. The high z-scores for females in these communities for all three skinfolds resulted in cumulatively high scores, much higher than the other sums for females and for the males in the same communities. These two trends seem to reflect the same pattern, one of increased difference seen in certain communities that may be strongly feeling the impacts of market integration as mentioned above. This is also supported by the higher variability seen in the z-scores, summed and not summed, for females compared to males. 

Figure 3i: Summed Mean Z-scores for Males

Figure 3j: Summed Mean Z-scores for Females
HEALTH OUTCOMES—HEMOGLOBIN:
Hemoglobin, an iron-containing protein in red blood cells that carries oxygen, is often tested for to determine rates of iron-deficient anemia in populations. This condition, resulting from not taking in as much iron as is being lost and most commonly seen in women and children, generally reflects a less-than-sufficient amount of iron in diets. Within this study hemoglobin was measured for 212 adults (over 15 years of age), 116 of which were women. The Hemocue device that was used to measure hemoglobin in the field broke while researchers were in Quehueiri-ono, so no hemoglobin data were taken there. Looking at communities overall, the lowest hemoglobin levels were found in Gareno with the mean value of 11.76 (±3.19), which is significantly lower than Gareno (p=0.007) (see Table 3e). Pastaza had the next lowest mean at 12.15 (±1.68), followed by Yana Rumi (12.72 (±1.93)), Pilchí (13.28 (±1.52)), and then Tiguano (13.40 (±1.51)). The highest mean was found in Zábalo at 13.60 (±1.81). Perhaps more important are the sex specific means within each community (see Figure 3k). What is defined as a low level of hemoglobin in a blood sample is different for men and women. In men low hemoglobin is having at or below 13.5 grams of hemoglobin per deciliter of blood and for women it is at or below 12 grams per deciliter. A mean below that cutoff for men was found in Gareno (13.25 (±3.71)), Pastaza (12.84 (±1.75)), and Yana Rumi (13.25 (±1.09)). For women, means below the cutoff were only found in Gareno (11.12 (±2.85)) and Pastaza (11.39 (±1.30)). Comparisons based on significant differences between the means for men and women were not used because hemoglobin levels for men and women are almost uniformly significantly different and these values have not been scaled to eliminate that innate difference. 



Table 3e: Mean Hemoglobin and Participants with Low Hemoglobin by Community and Sex 
	Community
	n
	Mean HB in g/dL (± SD)
	People with Low HB (% of sample)

	1: Yana Rumi
            Males
            Females
	28
   12
   16
	12.72 (±1.93)
   13.25 (±1.09)
   12.33 (±2.32)
	15 (53.57)
   8 (58.33)
   7 (50.00)

	2: Pastaza
            Males
            Females
	19
   10
     9
	12.15 (±1.68)
   12.84 (±1.75)
   11.39 (±1.30)
	13 (68.42)
   7 (70.00)
   6 (66.67)

	3: Zábalo
            Males
            Females
	54
   27
   27
	13.60 (±1.81)
   14.52 (±1.63)
   12.67 (±1.49)
	12 (22.22)
   7 (25.93)
   5 (18.52)

	4: Pilchí
            Males
            Females
	44
   16
   28
	13.28 (±1.52)
   14.09 (±1.66)
   12.82 (±1.25)
	13(29.55)
   8 (28.50)
   5 (31.25)

	5: Tiguano
            Males
            Females
	47
   25
   22
	13.40 (±1.51)
   13.86 (±1.70)
   12.87 (±1.07)
	11 (23.40)
   3 (13.64)
   8 (32.00)

	6: Quehueiri-ono*
            Males
            Females
	-
	-
	-

	8: Gareno
            Males
            Females
	20 
     6
   14
	11.76 (±3.19)
   13.25 (±3.71)
   11.12 (±2.85)
	11 (55.00)
   3 (50.00)
   8 (57.14)



*The Hemocue device broke, so no hemoglobin data was taken in the field in Quehueiri-ono
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Figure 3k: Average Hemoglobin Levels for Males and Females by Community

To look more carefully at the distribution of anemia in these communities a count of the participants with low hemoglobin were taken for each community and scaled based on the total number of participants from that community. The counts and percentages can be see in Table 3e and Figure 3l shows the percentages by sex from each community. The community with the largest portion of the overall sample with low hemoglobin was Pastaza (68.42%), with 70% of males and 66.67% of females having low hemoglobin levels at the time of testing. Gareno and Yana Rumi had very similar, slightly lower portions of their populations with low hemoglobin (55% and 53.57%, respectively. 50% of men and 57.14% of women in Gareno had low hemoglobin, and 58.33% of men and 50% of women in Yana Rumi did. The community with the smallest percentage of low hemoglobin participants was Zábalo (22.22%), with only 25.93% of men and 18.52% of women falling below the cutoffs for low hemoglobin. Overall, even the community with the lowest levels of anemia had almost a quarter of its population qualifying as such. Within these communities, the prevalence of iron-deficient anemia is variable but levels are high throughout, particularly when contrasted with the 9% of the adult females in the US who are estimated to be anemic (CDC faststats).  But there is a noticeable divided between the six communities data was gathered from: the prevalence of anemia is much lower in Zábalo, Pilchí and Tiguano than in Yana Rumi, Pastaza and Gareno, and it falls across a small range within those two groups. 
[image: ]
Figure 3l: Percentage of the Community Sample with Low Hemoglobin


HEALTH OUTCOMES—SYMPTOMS OF ILLNESS:
	During this project data were gathered on the symptoms being experienced by participants. The researchers asked about particular symptoms, recording if a participant reported experiencing that symptom at the time of the interview (see questionnaire in Appendix 1). These data were gathered from 175 people in the seven communities over the age of 15. Out of all of these participants 128 (73.1%) reported any symptoms of illness. The lowest percentage of participants with symptoms was seen in Pilchí, with 63.33% reporting symptoms (see Figure 3m). Gareno had a very similar prevalence, with 63.64% reporting symptoms. Tiguano was the next lowest (67.74%), then Yana Rumi (75%), Pastaza (76.19%), and Zábalo (79.07%). The highest percentage of the sample reported symptoms in Quehueiri-ono, with 86.67% of participants reporting symptoms. 
[image: ]
Figure 3m: Percentage of the Community Sample Reporting ANY Symptoms of Illness

	When examining this data I found it was useful to first focus on the diseases of interest—those that were reported in these populations and those that were of note based on the diseases expected in a transitioning population. From there I decided to categorize them as either chronic or infectious, attempting to make a distinction between categories of disease that are seen to affect populations more at certain stages of ‘development’. Generally in transitioning populations, it is thought that they will begin to suffer less from infectious diseases and more from chronic diseases, so I attempted to illustrate the burden of those two categorizations of disease within these communities. The symptoms considered of note within each category and the counts of participants each symptom in the communities can be seen in Table 3f. The samples within each community are very small, which should be taken into consideration when considering the generalizability of the patterns seen in these data. To determine the relative presence of symptoms of chronic and infectious disease in these communities I added up the reports of each type of symptom within each community and scaled the total as 100%, showing the relative burden of each category of disease within the communities. Yana Rumi had the lowest reporting of infectious symptoms at 88.46%, followed by Gareno (92.50), Zábalo (95.56), Tiguano (95.65), Pilchí, and Quehueiri-ono (96.15), and Pastaza had the highest relative reporting of infectious symptoms at 96.55% (Figure 3n). Headache was the most commonly reported symptom (54 times), followed by body ache (42) and cold/flu symptoms (35) (see Figure 3o). Of the chronic diseases of interest heart disease was the most commonly reported (6 reports), and it was found in Yana Rumi, Pastaza, Zábalo, Pilchí, and Tiguano—though at very low rates (see Figure 3p). Arthritis was also reported (5 reports), and it was found in Yana Rumi, Tiguano, Quehueiri-ono and Gareno. Goiter and hypertension were seen, but at very low rates. Diabetes was not reported at all. Overall, the burden of infectious disease is much greater than chronic disease in these communities—though this is only for symptoms asked about in our questionnaire, it is possible that including other symptoms might have altered this distribution (see Figure 3n).  There were no significant sex differences in symptoms reporting, so no in-depth examination was done of symptoms by sex. 






Table 3f: Reporting of Infectious and Chronic Symptoms of Interest by Community, Scaled by Total Reported in Each Community 
	
	Yana Rumi (n=24)
	Pastaza
(n=21)
	Zábalo
(n=43)
	Pilchí
(n=30)
	Tiguano
(n=31)
	Quehueiri-ono
(n=15)
	Gareno
(n=11)
	Total Reports 

	Symptom: 
Infectious
	
	
	
	
	
	
	
	

	Fever
	2
	3
	7
	2
	6
	4
	4
	28

	Cold/flu symptoms
	1
	5
	1
	2
	14
	3
	9
	35

	Sore throat
	0
	4
	1
	2
	5
	2
	6
	20

	Tonsillitis
	0
	0
	0
	0
	0
	0
	2
	2

	Body ache
	5
	4
	9
	5
	9
	5
	5
	42

	Head ache
	10
	7
	12
	6
	7
	6
	6
	54

	Diarrhea
	3
	2
	7
	5
	4
	2
	2
	25

	Skin fungus
	1
	2
	6
	2
	12
	2
	2
	27

	Intestinal parasites
	1
	1
	0
	0
	9
	1
	1
	13

	    Total (% of       population):
	23 (88.46)
	28 (96.55)
	42 (95.56)
	24 (96)
	66 (95.65)
	25 (96.15)
	37 (92.50)
	

	Symptom: 
Chronic 
	
	
	
	
	
	
	
	

	Arthritis
	1
	0
	0
	0
	2
	1
	1
	5

	Goiter
	0
	0
	0
	0
	0
	0
	2
	2

	Hypertension
	1
	0
	0
	0
	0
	0
	0
	1

	Heart disease (chest pain/arrhythmia)
	1
	1
	2
	1
	1
	0
	0
	6

	Diabetes/blurred vision due to diabetes
	0
	0
	0
	0
	0
	0
	0
	 0

	    Total (% of       population):
	3 (11.54)
	1 
(3.45)
	2 
(4.44)
	1 (4.00)
	3 
(4.35)
	1
(3.85)
	3 (7.50)
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Figure 3n: Scaled Reporting of Infectious and Chronic Symptoms of Interest by Community
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Figure 3o: Reporting of Infectious Symptoms of Interest by Community, Scaled Based on In-Community Reporting
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Figure 3p: Reporting of Chronic Symptoms of Interest by Community, Scaled Based on In-Community Reporting


HEALTH OUTCOMES—COMMUNITY SYNOPSES: 

	YANA RUMI: The mean BMI found in Yana Rumi was 24.39 (±2.23), with a mean BMI of 23.73 (±1.80) for males and 24.98 (±2.49) for females. These fell in the middle of the range of BMIs found in this research. The only notable BMI categorizations were the 28.70% of the population that was found to be overweight. For skinfold measurements, this community had the highest suprailliac skinfold mean (17.51 (±5.25)), high community level subscapular and suprailliac z-scores, and a relatively low z-score sum for males (-3.41) and the second highest z-score sum for women (-0.91). The average community hemoglobin level was 12.72 g/dL (±1.93), with males averaging 13.25 (±1.09) and females, 12.33 (±2.32). 15 people (53.57%) had low hemoglobin in this community, falling higher on the range of hemoglobin means. 75% of participants reported having any symptoms of illness and 88.4% of the symptoms designated of ‘of interest’ in this project were infectious—the lowest relative burden of infectious disease in all of the communities. 
PASTAZA: The mean BMI in Pastaza was 22.79 (±1.87), with males averaging a BMI of 23.60 (±1.77) and females, 21.83 (±1.55). The community mean was the lowest found in this study, and only 8.78% of the population were overweight. This community’s z-scores were low for triceps and suprailliac skinfolds and were the lowest overall for subscapular skinfolds. The triceps z-scores for females were much lower than males and the subscapular z-scores for males and females were the lowest out of the communities. The summed z-scores for males and females were low (-3.10 and -4.72). The mean hemoglobin level found for Pastaza was 12.15 g/dL (±1.68), with males averaging 12.84 (±1.75) and females averaging 11.39 (±1.30). All of these values fell below the cutoff for low hemoglobin showing the high prevalence of anemia in this community—the highest found in the sample. There were 13 people with low hemoglobin (68.42% of the community sample). 76.19% of participants reported any symptoms of illness, a mid-high level within the communities, and 96.55% of the symptoms of interest were infectious. This was the highest relative load of infectious symptoms found in this sample, reflecting the higher reporting of infectious diseases in comparison to chronic in this community. 
ZÁBALO: The mean BMI found in Zábalo was 25.93 (±3.52), with males averaging 26.41 (±3.07) and females averaging 25.52 (±3.88). This was the highest community mean for BMI, and one of the two falling above the cutoff point for healthy BMI. 2.27% of the sample was underweight, 26.41% were overweight, and 3.88% were obese, reflecting the wide range of BMIs found in this community and the high prevalence of unhealthy body weights.  Zábalo had the highest biceps, triceps, and subscapular skinfold measurements, with suprailliac failing second to Yana Rumi. This community had the highest z-scores for all three skinfolds. Males had high z-scores for all three while females had the highest z-scores except in suprailliac skinfolds. This seems to point to the differences in community level skinfold measurements being attributable to females in this community. The z-score sum for males was around the mid-level of the communities (-2.33) and the sum for females was the highest seen (0.53) and the only positive z-score sum found in these communities. The mean hemoglobin level for this community was 13.60 g/dL (±1.81), with men averaging 14.52 (±1.63) and women, 12.67 (±1.49). This was the highest community mean for HB and the highest reported value for males. 79.07% of the sample reported any symptoms of illness, which was a high percentage relative to the other communities. 95.56% of the reported symptoms of interest were infectious and this community had the highest number of reports of diarrhea (7 people) and of heart disease (2 people), though they also had the largest sample for the symptoms questionnaire. 
	PILCHÍ: The average BMI for this community was 23.49 (±2.32), with males averaging 23.52 (±2.30) and females averaging 23.47 (±2.41). 9.09% of the sample was overweight and 3.23% was obese. The biceps, triceps, subscapular and suprailliac skinfolds in this community fell in the mid-to-high range in these communities. The triceps z-score was the highest found for males but was low for females and the z-score sum was high for males (-2.31) and low for females (-4.34). The average hemoglobin level was 13.28 g/dL (±1.52), with males averaging 14.09 (±1.66) and females averaging 12.82 (±1.25). 23.40% of the population were anemic, a relatively low prevalence in this communities. Only 63.33% of the sample reported any symptoms of illness, the lowest of all of the communities. 96% of the symptoms of interest were infectious, representing a relatively high burden of infectious disease compared to chronic in this community. 
	TIGUANO: The mean BMI found in Tiguano was 24.03 (±3.15), with males averaging 24.07 (±2.80) and females averaging 23.96 (±3.71). 32.36% of the sample was overweight and 3.23% were obese, showing a moderately high prevalence of high weight for height in this community. The biceps, triceps, subscapular and suprailliac skinfold measurements for Tiguano were relatively high for these communities, but the three z-scores were relatively low at the community level. The subscapular z-score for males was the lowest found. The z-score sums for males and females were high (-1.62 and -2.07), but the sum for females was still much lower than those found in Yana Rumi and Zábalo. The mean hemoglobin level was 13.40 g/dL  (±1.51) for the community, with men averaging 13.86 (±1.70) and women averaging 12.87 (±1.07).  These hemoglobin levels were relatively high for these communities, with all of the means falling above the cutoffs for anemia. Only 23.40% of the sample had low hemoglobin. 67.74% of participants reported any symptoms of illness, a low prevalence comparatively, and 95.65% of the symptoms of note were symptoms of infectious diseases showing a relatively high burden of infectious disease in this community. Tiguano had the highest number, by far, of people reporting parasite infections (9 people), cold and flu symptoms (14 people), and skin fungus (12 people). 
	QUEHUEIRI-ONO: The mean BMI found in this community was 23.22 (±1.87), with males averaging a BMI of 23.20 (±2.02) and females, 23.25 (±1.71). These numbers are relatively low, and that is reflected in the 12.92% of the population that was overweight—the only notable BMIs in the community sample. The biceps, triceps, subscapular and suprailliac skinfold measurements for this community were the lowest found, as were the community z-scores. The triceps and suprailliac z-scores for males and females were the lowest, as were the summed z-scores for both sexes (m: -5.21, f: -4.83). No hemoglobin data were taken for this community. 86.67% of participants reported any symptoms of illness, the highest reporting in any community. 96.15% of the symptoms of interest were infectious, which shows a high relative burden of infectious disease on top of the very high reporting of symptoms. 
GARENO: The average BMI found for Gareno was 25.80 (±3.77), with an average of 24.57 (±2.34) for males and 26.62 (±4.39) for females. This was the second highest community mean, falling below only Zábalo, and it fell above the cutoff for healthy BMI. 5% of the sample was underweight, 45% overweight, and 20% obese, showing the presence of low and high height for weight in Gareno and the possible presence of poor diet quality. The biceps, triceps, subscapular and suprailliac z-scores for this community fell largely in the mid-range of those found in this project, as did the community skinfold z-scores. The z-score sum for males was low and for females mid-low (-3.79 and -2.82), but it is notable that these were the most similar scores seen for males and females within a community. The mean hemoglobin level was 11.76 g/dL (±3.19) for the community, with males averaging 13.25 (±3.71) and females, 11.12 (±2.85). This was the lowest mean hemoglobin level found in these communities, with the means for both sexes falling below the cutoff for anemia. This is reflected in the 55% of the sample that had low hemoglobin—though this was not the highest prevalence of low hemoglobin found. This perhaps reflects a lower prevalence of anemia compared to Pastaza, but more severe cases of anemia when it is present in Gareno. 73.1% of the sample reported any symptoms of illness, a lower reporting of symptoms for these communities. 92.50% of the symptoms of interest were infectious, also a lower relative burden of infectious disease compared to other communities. It is also notable that Gareno is the only community where goiter was reported (2 people). 

SIGNIFICANT PATTERNS AND CORRELATIONS:
Beyond the pattern discerned in food variety and diet diversity scores (discussed above) and their relationship with household market integration based on time allocation, there are other patterns and correlations present in the data relating the measures of diet breadth with some of the health outcomes discussed. To determine the correlations of the community FVS, UWDDS2, PWDDS2, VWDDS2, with BMI, skinfolds, skinfold z-scores, and hemoglobin, Pearson correlations were run in SAS. A t-test was run in SAS to determine the association between the same scoring variable and the reporting of any symptoms of illness (a dichotomous variable). There were no significant associations between BMI, triceps skinfolds, subscapular skinfolds, suprailliac skinfolds, any skinfold z-scores, or symptoms of illness with the diet scoring systems. Biceps skinfolds were negatively associated with UWDDS2 (p=0.053), and VWDDS2 (p=0.078), and the correlation with PWDDS2 was very close to being significant (p=0.134). There was also a significant negative correlation between hemoglobin and UWDDS2 (p=0.078), with the associations between FVS (p=0.109), PWDDS2 (p=0.125), and VWDDS2 (p=0.160) falling close to the cutoff for significance. 
In the introduction I posed the question: is higher diet diversity in fact related to better health outcomes in this context? Based on these correlations, the answer is very unclear. The relationships between biceps skinfolds and DDS were significant, but were not paralleled by any other correlations with BMI, skinfolds, or skinfold z-scores. This lack of consistency across related measures of body fatness makes drawing any conclusions about the impacts of food variety and diet diversity on body composition in these communities unwise. Hemoglobin was associated with UWDDS2, but not significantly with any of the other scoring systems and the association was negative rather than positive, as might be expected. So, as diet diversity increases hemoglobin level decreases. The fact that this relationship is only present with UWDDS2 also makes drawing a strong conclusion difficult. 
Beyond this, it is quite evident that the effects of food variety and diet diversity on health, at least as those measures of dietary quality were implemented in this research, are not discernable with linear regressions in this context. There are many possible reasons that linear regressions do not reflect a relationship: the relationship is not linear, the sample sizes are very small for some of these measures, and there may really be no relationship between these measures of dietary quality and health because the measures are not capturing the aspects of dietary change that are impacting health in these communities, among others. 
To attempt to resolve some of these unknowns, I divided the UW, PW and VW DDS2 values into tertiles and compared them with the skinfold z-scores for males and females. There were some very interesting patterns seen in the skinfold z-scores across the communities, bringing me to the earlier discussed conclusion that skinfold measurements may be particularly sensitive to change in these communities, particularly the skinfold measures of women. Because of this, skinfold z-scores seemed like the most effective way to discern any relationships that might be present between the lowest and highest thirds of the diet scoring systems. Looking at BMI was also a possibility, but there were no strong patterns seen in the BMI measurement. Perhaps in this specific context the changes that would normally be seen in BMI—the transition from underweight to overweight and obese—are not present because their natural diet is healthy, though not particularly broad, and changes in diet composition and activity are not happening on a scale that it has a significant negative impact on BMI. It is also notable that BMI in adults is not highly sensitive to change, so it possible that diets have changed but have not yet begun to impact adult BMIs—as impact that seems to be more present in skinfold measurements. 
	Analysis was done to determine the relationships between the mean diet diversity score in each tertile and the continuous skinfold z-score values. The data can be seen below in Figures 3q-3s. Looking across these Figures, it is apparent that the relationship between the lowest and highest thirds of DDS are much more consistent for females than males. In all of the z-scores for each scoring system the mean z-score for the lowest third is higher than for the highest third. This is statistically significant for UWDDS2 and subscapular z-scores (p=0.0774), PWDDS2 and suprailliac z-scores (p=0.0992), VWDDS2 and subscapular z-scores (p=0.0352), and VWDDS2 and suprailliac z-scores (p=0.0943). Despite the relationship only being statistically significant in these cases, it is clear that DDS increases as skinfold z-scores for females decrease. A similar pattern is not seen in males across scoring systems, emphasizing the importance of this pattern in females and possibly supporting the idea that this is present in females because they are more affected by the changes that come with increasing market integration or their skinfold measures are more sensitive to these changes. No matter the cause, women at higher level of DDS are leaner, lower body fat with increasing diet diversity for females in these communities.  


Figure 3q: UWDDS2 Tertiles and Mean z-scores for Males and Females

Figure 3r: PWDDS2 Tertiles and Mean z-scores for Males and Females


Figure 3s: VWDDS2 Tertiles and Mean z-scores for Males and Females

	This relationship within the tertiles between increasing DDS and better health for females is supported by the correlation between biceps skinfold measurements and DDS—a negative relationship that shows that DDS increases with decreasing biceps skinfold measurements—showing that there is some association between diet diversity and objective health in these communities. This is not supported by the negative relationship found between DDS and hemoglobin, as it would be expected to see improved blood hemoglobin as diets improve. This contradiction, along with the lack of associations found between BMI and DDS makes drawing a strong conclusion about the overall relationship between DDS and health in these communities difficult. There is definite ambiguity in these results. 
So, what is the cause of this ambiguity? Why is there not a strong, definitive relationship between better diets and better health? The first step in understanding this likely lies with the knowledge that the associations found in any project are highly dependent on the measures being used. The diet scoring systems used in this project were developed to try and ascertain diet quality in this context, and there is not guarantee that they did that successfully. They were also developed based on diet diaries and were used to score those same recalls—which likely contain innate errors as human recall of day-to-day activities is unreliable. The measures of health used also present their own problems. BMI is not the best measure of body fatness, as it does not take differences in body composition and fat distribution into account. There was no hemoglobin data gathered from Quehueiri-ono, leaving a segment of the sample and an important comparison point out of any comparisons or correlations. The symptoms data were gathered from communities that understand the body and health differently than the people who developed the questionnaires, making their answers to questions about biomedically significant symptoms inherently difficult for drawing concrete conclusions about health. These are all issues that exist within this project, but issues are present in any research and the reality is that any way of gathering information is going to be somehow problematic and there are only so many ways to ascertain certain information that are feasibly carried out in the field. 
The next thing to consider in understanding the indistinctness of my conclusions is the fact that the natural diet in this region is very healthy. Traditionally, these indigenous populations were able to access a plethora of flora and fauna leading to a diverse baseline diet in this region, so any increase in diet diversity might not change diet quality or health drastically. It is also possible that if diets in this region are changing, that these changes have only begun to happen recently; market integration is a slow, gradual process that affects populations in a highly variable way. It is plausible that changes in subsistence strategies may have only happened recently in these communities and that dietary changes have not been present long enough to be reflected in long term measures of health such as BMI and the reporting of illness in adults. The transition from foods being eaten to substantial body fat and illness happens over a longer span of time in adults, so even if change is impacting the lives of these indigenous peoples it may not be seen in these measures. But despite these difficulties I think there is a developing trend reflected in these data. Based on the analyses relating dietary quality to market oriented activities, it is apparent to me that this transition to participating in markets was happening when this research was being carried out. The snapshot captured of these peoples shows them relatively healthy, at least as far as body fatness and the reporting of serious illnesses, and undertaking traditional activities while also incorporating market activities that allow them to increase dietary diversity beyond the scope of traditional diets. But despite their overall good health, there were indications that these communities are beginning to become unhealthy, as was seen in the sex-differentiated analysis of skinfold z-scores across communities and the presence of cases of overweight in all of the communities and obesity in four of the seven. There is a trend present in these communities, though it is more hinted at by the data then blatantly stated, of capitalizing on access to market and traditional foods concomitantly and that access to processed market foods and increased sedentarism just beginning to be represented in changes in objective health outcomes.  







6: CONCLUSIONS AND IMPLICATIONS
When I began this project I had this hypothesis for the relationships between diet quality, objective health, and market integration: 

Essentially, I thought that a higher level of market integration would be associated with lower diet diversity. The data showed a very different picture. Diet diversity increased as the community level of market integration increased, particularly as household time spent buying increased. This can be attributed to increasing incorporation of market foods into diets while still consuming traditional foods. The relationship between market integration and health was less clear, but I believe that the negative effects of increasing access to market foods are just beginning to appear in these communities.  This is supported by the high relative skinfold z-scores of women in certain communities, the presence of overweight and obesity in these communities, and possibly by the positive association found between increasing market integration and hemoglobin levels. But whatever interactions are occurring in these communities between market integration, diet, and health they do not take a simple, linear form. Rather, it seems to me that they are more likely to take this shape:

Based on the association found between household time spent buying and DDS and the tertile-based analysis done relating all of the types of household time allocation taken from Houck et al 2013, the highest diet diversity is found when markets and traditional subsistence are both being utilized. This likely means that market foods are being added on top of traditional foods, rather than it being a trade-off between the two food sources. This encompasses the first part of this bell curve. At the top, both traditional and market foods sources are being maximally utilized and from that point it is likely that traditional foods will become less common in favor of purchased foods, which require less energy input than traditional foods. Following this curve, diet will eventually be completely market sourced and much lower diversity than the traditional diet in the Oriente—but this is supposition as this is not represented in the data. I think it is likely that we are only seeing a portion of the curve—the part lined in orange in this figure. The instances where market foods make up a larger portion of diet—those that are further along on that orange line—are likely those where negative health effects are also manifesting. The presence of overweight in all and obesity in some of these communities seems to support this, as does the cross-community analysis of skinfold z-scores for males and females. But the reality is that there is much about the impacts of market integration on diets and health in these communities that is not elucidated by this project. 
Not being able to definitively state the relationship between changes in diet and health should not be viewed as a setback in understanding how market integration has impacted indigenous populations in the Oriente. Rather, it brings to light the complexity of the process of market integration, the specifics of this context, and the possibilities for moving forward in research. When considering the impacts of market integration, the true meaning of the term should be kept in mind. Market integration is a complex, nuanced process that happens differently everywhere. The locale that is being integrated—the people, the history, the government, the location, etc—determines the exact nature of that process and what the effects look like. Beyond that innate complexity, this data was gathered over a short period of time and market integration is a long, slow process. This data only reflects a small part of the larger picture of the process of integration into the global market economy, and only a small part of the larger picture of the impacts it has had on these populations. 
The specifics of the context this research was carried out in are also important to keep in mind. In Ecuador there are various processes pushing people into markets, pulling them away, and in some cases repelling people from them. Indigenous land is being eaten away by land reform, colonization, and the incursions and pollution of oil exploitation. This pushes people into markets while also bringing them closer to markets with roads and other local development. Even if land is still available, the ecological degradation associated with natural resource exploitation and nearby development threatens the natural biodiversity of the Oriente, and the natural diversity of traditional diets. Indigenous people in Ecuador are also very aware of the unique position they hold in their country and in the world as indigenous people with a long history connecting them to the land. Each of the indigenous groups in this project has their own organization fighting for their rights, as well as participating in larger indigenous political groups. This said, these groups are incredibly self-aware and they understand the importance of traditional practices to their culture. This leads to a desire to preserve traditional ways of life as a part of the active conservation and valuing of traditional Ecuadorian cultures and peoples, sometimes manifesting as the use of traditional subsistence practices as a tool in that preservation (see Perreault 2005, “Why Chacras Persist”). This can be compounded by the knowledge that the global market is unpredictable, while traditional foods are more reliable. This makes a strategy of dual subsistence while undergoing market integration particularly appealing. This maximizes the use of all available resources and provides protection from the unpredictability of the market. So, rather than making tradeoffs between the two food sources, a new subsistence strategy that capitalizes on what is available, accessible, and stable is developed. 
	Clearly the context for this research is complex, lending itself to the ambiguous results of this project. So how do we move forward to better understand what is happening in these communities? I believe that the next step is determining the actual dietary patterns in these communities to show how people are eating and where they are getting their foods from. This could be achieved by doing factors analysis, which determines patterns in consumption based on the intercorrelations within the data. It is possible that this analysis would support my conclusion that a strategy of dual subsistence is being undertaken in these communities as people combine traditional and market foods to create a stable and maintainable food supply. As far as determining how diet impacts health, it would be productive to look at the nutritional content of what is being eaten in these communities. FVS and DDS are both proxies for the more complex and difficult analyses that look at the nutritional value of diets, and they have been used successfully in many cases. But they are not universally accepted and are more often used to ascertain micronutrient intake than overall dietary quality. So, looking at how many calories, how much fat, how much iron, vitamin A, etc, are actually in the diets of people living in these communities could provide a better base for making connections to objective measures of health. It could also be useful to look at dietary quality and health at the household rather than the community level. That was beyond the scope of this project, but it could provide more information about the effects of market integration on a level where diet, household activities, and within-household health outcomes could be related in a ways that were not meaningful at the community level. It could also be incredibly productive to carry out a follow up study to this project in the future, looking to see how things are different from 2009 and if that was really the point at which the first effects of market integration on health were becoming visible. 
	As mentioned in the previous section of this project, there are also some aspects of these communities and this project that influenced the outcomes of this project, and the probability that definitive conclusions could be drawn. First, people living in these communities have a very diverse baseline diet. This makes any changes to diet diversity less significant than they might be in a context where traditional diets consist of a few staple foods. These people are also very healthy overall, particularly in reference of obesity risk. The BMIs found in these communities fall over a relatively narrow range, which makes the possibility of establishing an association with another variable (such as DDS or market integration) difficult. If these populations were severely undernourished while consuming a traditional diet any incorporation of high fat, high calorie market foods would likely have a larger impact on health, but having such a healthy baseline means that changes will take longer to have noticeable effects on measures of long-term health. Being healthy is certainly not a negative for these communities, but it means that determining how health may have changed in relation to increasing market integration may require measures more sensitive to these changes.  On a similar note, this research was looking specifically at adults in these communities. Measures of health in adults are not highly sensitive to change, particularly long-term measures of health such as BMI and illness symptoms. All of these factors likely contributed to the difficulty I had in finding significant correlations between the different measures used in the research. But, despite that I believe there is much to be gained from the work I have done. This project is only the starting point for understanding how market integration has affected the diets and health of these indigenous populations and it has led to some interesting ideas about what was happening in these communities. Based on this project, I believe that there is trend of dual subsistence in these communities, where market foods are being accessed and increasingly incorporated into diets as market integration increases. This is accompanied by what I believe are indicators that negative impacts on health are becoming visible in objective health measures. These ideas need to be looked into with further research—looking at diet and health in different ways, doing a follow-up study, etc—but I think it is clear that market integration is changing the lives of people living in these communities and the exact nature of that change is as complex as the context it is taking place within. 
















Appendix 1a: Foods in Each Level of Food Group Aggregation
	DDS1
	Food Group

	Alcohol
Cachigua
Cana
Cerveza
Guarapo
Licor
Pony
Puro
Ron
Vino
	Alcoholic Beverage

	Chicha
	Chicha

	Cafe
	Coffee

	Leche
Queso
Yogurt
	Diary

	Huevo
Tortilla
	Eggs

	Aceite
Manteca
	Fat/Oil

	Anguile
Ayampaco
Bagre
Boca
Carachama
Camaron
Cangrejo
Concha
Fish
Macarela
Pescado
Pez
Pirana
Raya
Sardiana
Sardines
Tilapia
Tuna
	Fish

	Araza
Avillo
Banana
Cocoa
Chonta
Chontaduro
Chucula
Fruta
Guaba
Guayaba
Guineo
Limon
Mandarina
Mango
Manzana
Narajana
Orange
Palma
Patas
Pepa
Pepinillo
Pera
Pina
Tomate
Uvas
Zapallo
	Fruit

	Arroz
Avena
Barley
Bread
Corn
Fideo
Harina
Maiz
Morocho
Noodles
Palanqueta
Pan
	Grain

	Chontacarro
Gusano
Insect
Mansuma
Mayon
	Insect

	Jugo
Limonada
Tang
Yupi
	Juice

	Ardilla
Armadillo
Caiman
Capibara
Carne
Cat
Chorizo
Conejo
Cuero
Danta
Guacamayo
Guanta
Guatin
Guastusa
Hamburguesa
Higado
Iguana
Innards
Lagarto
Molejas
Mono
Mortadela
Oso
Peccary
Pig
Raposa
Salchicha
Steak
Sapo
Tin Tin
Tortuga
Tripa
Venison
Wangana
	Meat

	Remdeio
Te
	Medicinal

	Chicken
Pahojil
Pajaro
Parrot
Paujil
Pavo
Perdis
Pichon
Pollo
Tucan
	Poultry

	Azucar
Bolo
Bolon
Bon
Cake
Canguil
Caramelo
Chichle
Chitos
Chocolate
Chupete
Coca
Cocoa
Cocodrillo
Cola
Dulce
Empanada
Fresco
Frito
Galleta
Gaseosa
Gelatina
Helado
Melchocha
Mermelada
Orito
Postre
Refresco
Sanduche
Torta
	Processed Food

	Culanta
Hierba
Oregano
Perejil
Sal
Seasoning
Spice
	Condiment/Seasoning

	Caldo
Encebollado
Menestra
Soup
	Soup

	Aguacate
Aji
Ajo
Alverja
Arveja
Bean
Beet
Cabbage
Camote
Cebolla
Choclo
Ensalada
Frejol
Haba
Hongos
Lechuga
Lenteja
Mani
Mojodo
Mojon
Molido
Molo
Patacon
Peanuts
Pimiento
Plantain
Poroto
Potato
Yuca
Yuyo
Zanahoria
Zapallo
	Vegetable



	DDS2
	Food Group

	Alcohol
Cachigua
Cana
Cerveza
Guarapo
Licor
Pony
Puro
Ron
Vino
	Alcoholic Beverage

	Chicha
	Chicha

	Cafe
	Coffee

	Leche
Queso
Yogurt
	Diary

	Huevo
Tortilla
	Eggs

	Aceite
Manteca
	Fat/Oil

	Anguile
Ayampaco
Bagre
Boca
Carachama
Camaron
Cangrejo
Concha
Fish
Macarela
Pescado
Pez
Pirana
Raya
Sardiana
Sardines
Tilapia
Tuna
	Fish

	Araza
Avillo
Banana
Cocoa
Chonta
Chontaduro
Chucula
Fruta
Guaba
Guayaba
Guineo
Limon
Mandarina
Mango
Manzana
Narajana
Orange
Palma
Patas
Pepa
Pepinillo
Pera
Pina
Tomate
Uvas
Zapallo
	Fruit

	Arroz
Avena
Barley
Bread
Corn
Fideo
Harina
Maiz
Morocho
Noodles
Palanqueta
Pan
	Grain

	Chontacarro
Gusano
Insect
Mansuma
Mayon
	Insect

	Jugo
Limonada
Tang
Yupi
	Juice

	Alverja
Bean
Frejol
Haba
Lenteja
Mani
Peanuts
Poroto
	Legume

	Armadillo
Capibara
Carne
Cat
Conejo
Cuero
Danta
Guacamayo
Guanta
Guatin
Guastusa
Hamburguesa
Mono
Oso
Pecary
Pig
Rapaso
Steak
Tin Tin
Venison
Wangana
	Mammal Meat

	Remdeio
Te
	Medicinal

	HIgado
Innards 
Molejas
Tripa
	Organ Meat

	Chicken
Pahojil
Pajaro
Parrot
Paujil
Pavo
Perdis
Pichon
Pollo
Tucan
	Poultry

	Sardiana
Sardines
Tuna
	Processed Fish

	Azucar
Bolo
Bolon
Bon
Cake
Canguil
Caramelo
Chichle
Chitos
Chocolate
Chupete
Coca
Cocoa
Cocodrillo
Cola
Dulce
Empanada
Fresco
Frito
Galleta
Gaseosa
Gelatina
Helado
Melchocha
Mermelada
Orito
Postre
Refresco
Sanduche
Torta
	Processed Food

	Chorizo
Mortadela
Salchicha
Salchipapa
	Processed Meat

	Caiman
Iguana
Lagarto
Sapo
Tortuga
	Reptile Meat

	Culanta
Hierba
Oregano
Perejil
Sal
Seasoning
Spice
	Condiment/Seasoning

	Caldo
Encebollado
Menestra
Soup
	Soup

	Aguacate
Aji
Ajo
Beet
Cabbage
Camote
Cebolla
Choclo
Ensalada
Hongos
Lechuga
Lenteja
Mojodo
Mojon
Molido
Molo
Patacon
Pimiento
Plantain
Potato
Yuca
Yuyo
Zanahoria
Zapallo
	Vegetable





	DDS2
	Food Group

	Alcohol
Cachigua
Cana
Cerveza
Guarapo
Licor
Pony
Puro
Ron
Vino
	Alcoholic Beverage

	Carne
Cuero
Guacamayo
Hamburguesa
Oso
Peccary
Pig
Steak
Venison
Wangana
	Artiodactyl Meat

	Chicha
	Chicha

	Cafe
	Coffee

	Leche
Queso
Yogurt
	Diary

	Armadillo
	Edentat Meat

	Huevo
Tortilla
	Eggs

	Aceite
Manteca
	Fat/Oil

	Anguile
Ayampaco
Bagre
Boca
Carachama
Camaron
Cangrejo
Concha
Fish
Macarela
Pescado
Pez
Pirana
Raya
Sardiana
Sardines
Tilapia
Tuna
	Fish

	Araza
Avillo
Banana
Cocoa
Chonta
Chontaduro
Chucula
Fruta
Guaba
Guayaba
Guineo
Limon
Mandarina
Mango
Manzana
Narajana
Orange
Palma
Patas
Pepa
Pepinillo
Pera
Pina
Tomate
Uvas
Zapallo
	Fruit

	Arroz
Avena
Barley
Bread
Corn
Fideo
Harina
Maiz
Morocho
Noodles
Palanqueta
Pan
	Grain

	Chontacarro
Gusano
Insect
Mansuma
Mayon
	Insect

	Jugo
Limonada
Tang
Yupi
	Juice

	Conejo
	Lagomorph Meat

	Alverja
Bean
Frejol
Haba
Lenteja
Mani
Peanuts
Poroto
	Legume

	Remdeio
Te
	Medicinal

	HIgado
Innards 
Molejas
Tripa
	Organ Meat

	Danta
	Perissodactyl Meat

	Chicken
Pahojil
Pajaro
Parrot
Paujil
Pavo
Perdis
Pichon
Pollo
Tucan
	Poultry

	Mono
	Primate Meat

	Sardiana
Sardines
Tuna
	Processed Fish

	Azucar
Bolo
Bolon
Bon
Cake
Canguil
Caramelo
Chichle
Chitos
Chocolate
Chupete
Coca
Cocoa
Cocodrillo
Cola
Dulce
Empanada
Fresco
Frito
Galleta
Gaseosa
Gelatina
Helado
Melchocha
Mermelada
Orito
Postre
Refresco
Sanduche
Torta
	Processed Food

	Chorizo
Mortadela
Salchicha
Salchipapa
	Processed Meat

	Caiman
Iguana
Lagarto
Sapo
Tortuga
	Reptile Meat

	Ardilla
Capibara
Guanta
Gautin
Guatusa
Raposo
Tin TIn
	Rodentia Meat

	Culanta
Hierba
Oregano
Perejil
Sal
Seasoning
Spice
	Condiment/Seasoning

	Caldo
Encebollado
Menestra
Soup
	Soup

	Aguacate
Aji
Ajo
Beet
Cabbage
Camote
Cebolla
Choclo
Ensalada
Hongos
Lechuga
Lenteja
Mojodo
Mojon
Molido
Molo
Patacon
Pimiento
Plantain
Potato
Yuca
Yuyo
Zanahoria
Zapallo
	Vegetable
























APPENDIX 1b: Base Questionnaire for Symptoms Interviews

B1	Nombres y Apellidos: ____________   ______________   ______________  _____________

B2	Comunidad:	____________________________

B2	Fecha de nacimiento (DD/MM/YYYY):	__ __ / __ __ / __ __ __ __

B3	Fecha de la entrevista (DD/MM/YYYY):	__ __ / __ __ / __ __ __ __
						
B9	22	ANYILLNESS	Usted tiene alguna enfermedad o infección (incluido catarro, resfriado?)

			0 – No
			1 - Sí

B10	
23  SYMPTOMS1	
Si sí, cuáles son sus síntomas(1)?
			
(PONGA UN CIRCULO EN TODAS LAS QUE APLIQUEN)

 1 – congestión nasal/resfriado*
 2 – catarro*
 3 - artritis
 4 - dermatitis/alergia de la piel
 5 – hinchazón de las piernas
6 - fiebre
7 – gripe*
8 - bocio
9 - hepatitis B
10 – herida infectada
11 – inflamacíon de los dedos de los pies
12 – dolor al orinar
13 – Tuberculosis
14 – sinusitis (aguda/crónica)
15 – dolor de ojos
16 – dolor de garganta
17 - amigdalitis
18 – dolor de dientes
			19 – herpes genital
			20 - comb., del catarro y sinusitis (2&14)
21 - hemorroides
			22 – inflamación del los genitales
			23 – inflamación de la vesícula
24 -  Dolores del cuerpo (dolor de la espalda, del pecho, brazos, extremidades, músculos, etc.) 
			25 – dolor de cabeza
26 – resfríos y catarro*[footnoteRef:5] [5: * All of the symptoms denoted with this were combined to create the category ‘cold/flu symptoms’ used in my results ] 

			27 – catarro y dolor de cabeza
			28 - asma/dificuldad para respirar
			29 - diarrea
			30 - hipertensión
			31 - diabetis/visión borrosa debido a la diabetis
			32 - paperas
33 – enfermedades del corazón (dolor de pecho,   
 Arítmias)
	34 – desórdenes del sistema digestivo (- Dolores del lado
	 derecho del abdomen, úlcera /hiperacidez, vómito)
35 – desórdenes de los ojos (problemas con los ojos, con 
	 la vista, catarata, visión borrosa)
	36 – calambres y entumecimiento (calambres de las
 	manos, entumecimiento, dolor de la columna,   
 	entumecimiento de ambos brazos, 
 	entumecimiento del brazo izquierdo)
			37 – otras enfermedades respiratorias
			38 - anemia
			39 – insomnio
			40 – parásitos intestinales (cuicas)
			41 – qué tipo de cuicas?  ____________________
			42 – hongos
			43 – otros enfermedades___________________
			 -9 - NA
---------------------------------------------------------------------------------------------------------------------------------------
B11	24	DAYSILL1	por cuántos días estuvo enfermo/a?

			__ __ /__ __ Número de dias (DD/MM)	
			-5 – entre un año y 5 años
			-6 - 6-10 años
			-7 – más de 10 años
			-9 - NA
---------------------------------------------------------------------------------------------------------------------------------------
B11	26	DAYSILL2	duración de la enfermedad  (2)

			__ __ /__ __ Número de dias (DD/MM)	
			-5 – entre un año y 5 años
			-6 - 6-10 años
			-7 – más de 10 años
			-9 - NA

---------------------------------------------------------------------------------------------------------------------------------------
B11	27	DAYSILL3	duración de la enfermedad  (3)

			__ __ /__ __ Número de días (DD/MM)	
			-5 – entre un año y 5 años
			-6 - 6-10 años
			-7 – más de 10 años
			-9 - NA

---------------------------------------------------------------------------------------------------------------------------------------
B11	28	DAYSILL4	duración de la enfermedad  (4)

			__ __ /__ __ Número de días (DD/MM)	
			-5 – entre un año y 5 años
			-6 - 6-10 años
			-7 – más de 10 años
			-9 - NA
---------------------------------------------------------------------------------------------------------------------------------------
B10	29	DAYSILL5	duración de la enfermedad  (5)

			__ __ /__ __ Número de días (DD/MM)	
			-5 – entre un año y 5 años
			-6 - 6-10 años
			-7 – más de 10 años
			-9 - NA




APPENDIX 2a: All Diet Diversity Scores by Community
	Community
	N Obs
	DDS
	N
	Mean
	Std Error
	Std Dev

	1: Yana Rumi
	68
		UWDDS1

	PWDDS1

	VWDDS1

	UWDDS2

	PWDDS2

	VWDDS2

	UWDDS3

	PWDDS3

	VWDDS3



		18

	18

	18

	18

	18

	18

	18

	18

	18



		3.32

	4.28

	6.35

	3.14

	3.96

	5.75

	3.14

	3.96

	5.75



		0.34

	0.48

	0.72

	0.32

	0.45

	0.67

	0.32

	0.45

	0.67



		1.43

	2.04

	3.07

	1.35

	1.93

	2.86

	1.35

	1.93

	2.86




	2: Pastaza
	37
		UWDDS1

	PWDDS1

	VWDDS1

	UWDDS2

	PWDDS2

	VWDDS2

	UWDDS3

	PWDDS3

	VWDDS3



		9

	9

	9

	9

	9

	9

	9

	9

	9



		3.58

	4.90

	7.49

	3.47

	4.69

	7.04

	3.47

	4.69

	7.04



		0.16

	0.21

	0.34

	0.18

	0.25

	0.40

	0.18

	0.25

	0.40



		0.47

	0.64

	1.02

	0.53

	0.76

	1.19

	0.53

	0.76

	1.19




	3: Zábalo
	107
		UWDDS1

	PWDDS1

	VWDDS1

	UWDDS2

	PWDDS2

	VWDDS2

	UWDDS3

	PWDDS3

	VWDDS3



		20

	20

	20

	20

	20

	20

	20

	20

	20



		2.48

	3.45

	5.74

	2.27

	3.03

	4.95

	2.27

	3.04

	4.93



		0.12

	0.20

	0.33

	0.10

	0.15

	0.23

	0.10

	0.15

	0.23



		0.55

	0.90

	1.47

	0.43

	0.69

	1.05

	0.43

	0.69

	1.03




	4: Pilchí
	97
		UWDDS1

	PWDDS1

	VWDDS1

	UWDDS2

	PWDDS2

	VWDDS2

	UWDDS3

	PWDDS3

	VWDDS3



		9

	9

	9

	9

	9

	9

	9

	9

	9



		4.63

	6.29

	9.48

	4.21

	5.61

	8.20

	4.21

	5.61

	8.19



		0.42

	0.53

	0.72

	0.40

	0.52

	0.69

	0.40

	0.52

	0.69



		1.25

	1.59

	2.16

	1.20

	1.56

	2.08

	1.20

	1.56

	2.08




	5: Tiguano
	77
		UWDDS1

	PWDDS1

	VWDDS1

	UWDDS2

	PWDDS2

	VWDDS2

	UWDDS3

	PWDDS3

	VWDDS3



		27

	27

	27

	27

	27

	27

	27

	27

	27



		5.30

	6.97

	10.09

	4.96

	6.43

	9.14

	4.96

	6.43

	9.14



		0.20

	0.27

	0.38

	0.17

	0.25

	0.34

	0.17

	0.25

	0.34



		1.02

	1.43

	1.97

	0.91

	1.29

	1.77

	0.91

	1.29

	1.77




	6: Quehueiri-ono
	46
		UWDDS1

	PWDDS1

	VWDDS1

	UWDDS2

	PWDDS2

	VWDDS2

	UWDDS3

	PWDDS3

	VWDDS3



		13

	13

	13

	13

	13

	13

	13

	13

	13



		4.25

	5.70

	8.56

	3.94

	5.12

	7.47

	3.97

	5.17

	7.55



		0.24

	0.35

	0.57

	0.20

	0.30

	0.47

	0.20

	0.31

	0.49



		0.86

	1.28

	2.05

	0.72

	1.08

	1.70

	0.73

	1.10

	1.75




	8: Gareno
	58
		UWDDS1

	PWDDS1

	VWDDS1

	UWDDS2

	PWDDS2

	VWDDS2

	UWDDS3

	PWDDS3

	VWDDS3



		14

	14

	14

	14

	14

	14

	14

	14

	14



		4.62

	5.85

	8.46

	4.28

	5.38

	7.72

	4.28

	5.38

	7.71



		0.23

	0.30

	0.48

	0.21

	0.27

	0.42

	0.21

	0.27

	0.42



		.

	.

	.

	.

	.

	.

	.

	.

	.









Appendix 2b: All Diet Diversity Score by Sex and by Community
	Community
	SEXO
	N Obs
	Label
	N
	Mean
	Std Error
	Std Dev

	1: Yana Rumi
	Males
	28
		UWDDS1

	PWDDS1

	VWDDS1

	UWDDS2

	PWDDS2

	VWDDS2

	UWDDS3

	PWDDS3

	VWDDS3



		8

	8

	8

	8

	8

	8

	8

	8

	8



		3.28

	4.22

	6.32

	3.07

	3.83

	5.59

	3.07

	3.83

	5.59



		0.38

	0.52

	0.82

	0.39

	0.54

	0.86

	0.39

	0.54

	0.86



		1.08

	1.46

	2.33

	1.11

	1.52

	2.42

	1.11

	1.52

	2.42




	 
	Females
	24
			UWDDS1

	PWDDS1

	VWDDS1

	UWDDS2

	PWDDS2

	VWDDS2

	UWDDS3

	PWDDS3

	VWDDS3






		8

	8

	8

	8

	8

	8

	8

	8

	8



		3.39

	4.35

	6.38

	3.23

	4.07

	5.85

	3.23

	4.07

	5.85



		0.68

	1.00

	1.47

	0.62

	0.91

	1.31

	0.62

	0.91

	1.31



		1.93

	2.82

	4.17

	1.76

	2.57

	3.72

	1.76

	2.57

	3.72




	Pastaza
	Males
	15
		UWDDS1

	PWDDS1

	VWDDS1

	UWDDS2

	PWDDS2

	VWDDS2

	UWDDS3

	PWDDS3

	VWDDS3



		5

	5

	5

	5

	5

	5

	5

	5

	5



		3.40

	4.56

	6.87

	3.32

	4.38

	6.49

	3.32

	4.38

	6.49



		0.23

	0.28

	0.39

	0.23

	0.29

	0.39

	0.23

	0.29

	0.39



		0.53

	0.63

	0.88

	0.52

	0.64

	0.87

	0.52

	0.64

	0.87




	 
	Females
	15
		UWDDS1

	PWDDS1

	VWDDS1

	UWDDS2

	PWDDS2

	VWDDS2

	UWDDS3

	PWDDS3

	VWDDS3



		3

	3

	3

	3

	3

	3

	3

	3

	3



		3.94

	5.45

	8.48

	3.88

	5.35

	8.19

	3.88

	5.35

	8.19



		0.12

	0.18

	0.22

	0.22

	0.41

	0.64

	0.22

	0.41

	0.64



		0.21

	0.30

	0.38

	0.38

	0.71

	1.11

	0.38

	0.71

	1.11




	Zábalo
	Males
	45
		UWDDS1

	PWDDS1

	VWDDS1

	UWDDS2

	PWDDS2

	VWDDS2

	UWDDS3

	PWDDS3

	VWDDS3



		7

	7

	7

	7

	7

	7

	7

	7

	7



		2.32

	3.09

	5.10

	2.20

	2.84

	4.63

	2.20

	2.85

	4.61



		0.11

	0.19

	0.29

	0.12

	0.20

	0.31

	0.12

	0.20

	0.30



		0.28

	0.50

	0.77

	0.33

	0.53

	0.82

	0.33

	0.53

	0.79




	 
	Females
	41
		UWDDS1

	PWDDS1

	VWDDS1

	UWDDS2

	PWDDS2

	VWDDS2

	UWDDS3

	PWDDS3

	VWDDS3



		10

	10

	10

	10

	10

	10

	10

	10

	10



		2.59

	3.59

	5.98

	2.31

	3.06

	4.98

	2.31

	3.07

	4.97



		0.22

	0.33

	0.53

	0.17

	0.25

	0.36

	0.17

	0.25

	0.36



		0.69

	1.05

	1.69

	0.53

	0.78

	1.14

	0.53

	0.78

	1.13




	Pilchí
	Males
	45
		UWDDS1

	PWDDS1

	VWDDS1

	UWDDS2

	PWDDS2

	VWDDS2

	UWDDS3

	PWDDS3

	VWDDS3



		4

	4

	4

	4

	4

	4

	4

	4

	4



		4.76

	6.51

	9.80

	4.07

	5.39

	7.82

	4.07

	5.39

	7.82



		0.89

	1.11

	1.48

	0.80

	1.01

	1.28

	0.80

	1.01

	1.28



		1.77

	2.22

	2.96

	1.60

	2.02

	2.56

	1.60

	2.02

	2.56




	 
	Females
	35
		UWDDS1

	PWDDS1

	VWDDS1

	UWDDS2

	PWDDS2

	VWDDS2

	UWDDS3

	PWDDS3

	VWDDS3



		2

	2

	2

	2

	2

	2

	2

	2

	2



		4.67

	6.29

	9.57

	4.30

	5.55

	8.07

	4.30

	5.55

	8.07



		0.55

	0.68

	0.80

	0.49

	0.55

	0.61

	0.49

	0.55

	0.61



		0.78

	0.96

	1.14

	0.69

	0.78

	0.86

	0.69

	0.78

	0.86




	Tiguano
	Males
	36
		UWDDS1

	PWDDS1

	VWDDS1

	UWDDS2

	PWDDS2

	VWDDS2

	UWDDS3

	PWDDS3

	VWDDS3



		12

	12

	12

	12

	12

	12

	12

	12

	12



		5.19

	6.89

	10.10

	4.84

	6.29

	9.03

	4.84

	6.29

	9.03



		0.31

	0.46

	0.64

	0.27

	0.41

	0.56

	0.27

	0.41

	0.56



		1.08

	1.60

	2.22

	0.94

	1.41

	1.93

	0.94

	1.41

	1.93




	 
	Females
	26
		UWDDS1

	PWDDS1

	VWDDS1

	UWDDS2

	PWDDS2

	VWDDS2

	UWDDS3

	PWDDS3

	VWDDS3



		12

	12

	12

	12

	12

	12

	12

	12

	12



		5.35

	7.04

	10.17

	5.01

	6.50

	9.24

	5.01

	6.50

	9.24



		0.31

	0.42

	0.57

	0.28

	0.39

	0.54

	0.28

	0.39

	0.54



		1.09

	1.44

	1.98

	0.97

	1.35

	1.87

	0.97

	1.35

	1.87




	Quehueiri-ono
	Males
	23
		UWDDS1

	PWDDS1

	VWDDS1

	UWDDS2

	PWDDS2

	VWDDS2

	UWDDS3

	PWDDS3

	VWDDS3



		6

	6

	6

	6

	6

	6

	6

	6

	6



		4.34

	5.93

	8.97

	4.08

	5.38

	7.91

	4.10

	5.43

	8.00



		0.33

	0.49

	0.80

	0.28

	0.42

	0.68

	0.28

	0.43

	0.70



		0.80

	1.21

	1.95

	0.69

	1.04

	1.67

	0.69

	1.06

	1.72




	 
	Females
	16
		UWDDS1

	PWDDS1

	VWDDS1

	UWDDS2

	PWDDS2

	VWDDS2

	UWDDS3

	PWDDS3

	VWDDS3



		5

	5

	5

	5

	5

	5

	5

	5

	5



		3.82

	5.07

	7.61

	3.54

	4.51

	6.54

	3.58

	4.57

	6.64



		0.39

	0.63

	1.06

	0.32

	0.49

	0.79

	0.33

	0.52

	0.84



		0.87

	1.41

	2.37

	0.71

	1.10

	1.76

	0.74

	1.17

	1.89




	Gareno
	Males
	25
		UWDDS1

	PWDDS1

	VWDDS1

	UWDDS2

	PWDDS2

	VWDDS2

	UWDDS3

	PWDDS3

	VWDDS3



		6

	6

	6

	6

	6

	6

	6

	6

	6



		4.24

	5.33

	7.82

	3.81

	4.72

	6.79

	3.81

	4.72

	6.79



		0.42

	0.55

	0.89

	0.32

	0.42

	0.67

	0.32

	0.42

	0.67



		1.02

	1.35

	2.18

	0.78

	1.04

	1.65

	0.78

	1.04

	1.65




	 
	Females
	23
		UWDDS1

	PWDDS1

	VWDDS1

	UWDDS2

	PWDDS2

	VWDDS2

	UWDDS3

	PWDDS3

	VWDDS3



		8

	8

	8

	8

	8

	8

	8

	8

	8



		4.90

	6.24

	8.95

	4.64

	5.88

	8.42

	4.64

	5.88

	8.41



		0.23

	0.29

	0.49

	0.21

	0.25

	0.42

	0.21

	0.25

	0.41



		0.65

	0.81

	1.39

	0.60

	0.71

	1.19

	0.60

	0.71

	1.17
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Mean Score
UWDDS	3.29	3.78	3.89	PWDDS	4.29	4.859999999999998	5.09	VWDDS	6.44	7.14	7.43	FVS	7.319999999999998	7.28	7.5	Tertile of Time Spent Buying

Mean Score 
UWDDS	3.49	3.81	3.63	PWDDS	4.55	4.93	4.76	VWDDS	6.769999999999999	7.17	7.04	FVS	7.94	7.31	6.88	Tertile of Time Spent Selling

Mean Score
Yana Rumi	0.974618478758905	1.0		Community	24.38809523809523	Pastaza	0.763462724778102	1.0		Community	22.78541666666666	Zábalo	1.062208495245954	1.0		Community	25.92522727272691	Pilchí	0.808460059362823	1.0		Community	23.4948484848485	Tiguano	1.132308916543325	1.0		Community	24.02645161290323	Quehuereono	0.883229574207785	1.0		Community	23.21611111111111	Gareno	1.686898484677055	1.0		Community	25.80393671035128	Average BMI
Mean Bicep 	1.732432157153151	1.199734257511781	2.505450672175982	1.692255113436391	1.7259356639399	0.957394680977181	2.515730081329327	1.0	Yana Rumi	Pastaza	Zábalo	Pilchí	Tiguano	Quehueiri-ono	Gareno	6.325238095238094	5.555416666666633	14.68133333333333	9.520625	6.413870967741929	4.064999999999984	8.110500000000001	Mean Tricep	2.289858861467707	1.95768255452704	1.961516003643027	1.340271693801535	1.819109836321257	1.592753652493337	2.014764920334511	1.0	11.35714285714286	11.34708333333334	15.31844444444444	11.8753125	12.03709677419355	6.577777777777777	11.131	Mean Subscapular	2.453301981461906	1.330981610354344	2.869179025928551	0.797440255551624	1.856342728232536	0.993874375617866	1.976182603964149	1.0	14.36571428571428	10.11125	19.77	10.43575757575758	13.91387096774194	9.245	11.226	Mean Suprailliac	2.453301981461906	1.330981610354344	2.487870152258869	0.809712681768123	2.266391283183722	1.326507829249522	2.861319266941112	1.0	17.50857142857143	14.768	17.34822222222222	9.95689655172414	13.65032258064516	6.537222222222221	11.5365	Community
Skinfold (mm)

Triceps z-score	0.496153288313966	0.413926637145354	0.21010989143779	0.296648108653279	0.34552468003911	0.373225101245884	0.42505863397889	0.496153288313966	0.413926637145354	0.21010989143779	0.296648108653279	0.34552468003911	0.373225101245884	0.42505863397889		Yana Rumi	_x0008_ Pastaza	_x0007_ Zábalo	_x0007_ Pilchí	_x0008_ Tiguano	_x000e_ Quehueiri-ono	_x0007_ Gareno	-0.9863	-1.0105	-0.2614	-0.7362	-0.5722	-1.539	-0.9445	Subscapular z-score	0.392635085543816	0.326568665909401	0.291025737983583	0.245135329971018	0.35666380087081	0.369318036699508	0.399741872337637	0.392635085543816	0.326568665909401	0.291025737983583	0.245135329971018	0.35666380087081	0.369318036699508	0.399741872337637		Yana Rumi	_x0008_ Pastaza	_x0007_ Zábalo	_x0007_ Pilchí	_x0008_ Tiguano	_x000e_ Quehueiri-ono	_x0007_ Gareno	-0.6595	-1.6273	-0.0081	-1.2528	-0.6112	-1.4031	-1.11	Suprailliac z-score	0.28266636193829	0.290228346068296	0.272567742185314	0.294393168646038	0.360230762169062	0.332345397028928	0.444136765962918	0.28266636193829	0.290228346068296	0.272567742185314	0.294393168646038	0.360230762169062	0.332345397028928	0.444136765962918		Yana Rumi	_x0008_ Pastaza	_x0007_ Zábalo	_x0007_ Pilchí	_x0008_ Tiguano	_x000e_ Quehueiri-ono	_x0007_ Gareno	-0.259	-1.226	-0.3941	-1.4022	-0.6851	-2.0054	-1.0646	Community

Mean z-score
Males	0.916445743756825	0.541846037340699	0.35692898120868	0.373740351210673	0.443017579818873	0.323494680079905	0.505217551781974	0.916445743756825	0.541846037340699	0.35692898120868	0.373740351210673	0.443017579818873	0.323494680079905	0.505217551781974		Yana Rumi	_x0008_ Pastaza	_x0007_ Zábalo	_x0007_ Pilchí	_x0008_ Tiguano	_x000e_ Quehueiri-ono	_x0007_ Gareno	-1.1085	-0.3851	-0.5145	-0.2003	-0.3463	-1.6431	-0.5328	Females	0.88234294366112	0.683970247306124	0.298836307604777	0.463372196002923	0.755673333333333	1.03862	0.504993333333333	0.88234294366112	0.683970247306124	0.298836307604777	0.463372196002923	0.755673333333333	1.03862	0.504993333333333		Yana Rumi	_x0008_ Pastaza	_x0007_ Zábalo	_x0007_ Pilchí	_x0008_ Tiguano	_x000e_ Quehueiri-ono	_x0007_ Gareno	-1.0159	-1.5113	-0.1339	-1.2067	-0.8614	-1.7695	-1.658	Community

Mean Triceps z-score
Males	0.432285527070113	0.618499230436061	0.339686696656955	0.293827009358519	0.6952	0.825359523310902	0.591406666666667	0.432285527070113	0.618499230436061	0.339686696656955	0.293827009358519	0.6952	0.825359523310902	0.591406666666667		Yana Rumi	_x0008_ Pastaza	_x0007_ Zábalo	_x0007_ Pilchí	_x0008_ Tiguano	_x000e_ Quehueiri-ono	_x0007_ Gareno	-1.3834	-1.6155	-0.8022	-0.8968	-0.5596	-1.4403	-1.5197	Females	0.641713546062415	0.511387361311453	0.372973460217569	0.506291510100653	0.562606295125006	0.548370569049799	0.532604857496222	0.641713546062415	0.511387361311453	0.372973460217569	0.506291510100653	0.562606295125006	0.548370569049799	0.532604857496222		Yana Rumi	_x0008_ Pastaza	_x0007_ Zábalo	_x0007_ Pilchí	_x0008_ Tiguano	_x000e_ Quehueiri-ono	_x0007_ Gareno	-0.0677	-1.8512	0.5746	-1.5098	-0.6342	-1.2121	-1.236	Community

Mean Subscapular z-score
Males	0.507363257636972	0.425281751526936	0.329115796805116	0.547522375686075	0.493738418309013	0.399332422926063	0.268589113809817	0.507363257636972	0.425281751526936	0.329115796805116	0.547522375686075	0.493738418309013	0.399332422926063	0.268589113809817		Yana Rumi	_x0008_ Pastaza	_x0007_ Zábalo	_x0007_ Pilchí	_x0008_ Tiguano	_x000e_ Quehueiri-ono	_x0007_ Gareno	-0.6573	-1.1001	-1.0154	-1.209	-0.7146	-2.1296	-1.7325	Females	0.362256269510964	0.5948040821985	0.357427811133141	0.509994378899504	0.806773333333333	0.801013215171885	0.71148	0.362256269510964	0.5948040821985	0.357427811133141	0.509994378899504	0.806773333333333	0.801013215171885	0.71148		Yana Rumi	_x0008_ Pastaza	_x0007_ Zábalo	_x0007_ Pilchí	_x0008_ Tiguano	_x000e_ Quehueiri-ono	_x0007_ Gareno	0.1755	-1.3567	0.0851	-1.6224	-0.5713	-1.8527	-0.9219	Community

Mean Supraiilliac z-score
Males: Triceps z-score	0.916445743756825	0.541846037340699	0.35692898120868	0.373740351210673	0.443017579818873	0.323494680079905	0.505217551781974	0.916445743756825	0.541846037340699	0.35692898120868	0.373740351210673	0.443017579818873	0.323494680079905	0.505217551781974		Yana Rumi	_x0008_ Pastaza	_x0007_ Zábalo	_x0007_ Pilchí	_x0008_ Tiguano	_x000e_ Quehueiri-ono	_x0007_ Gareno	-1.1085	-0.3851	-0.5145	-0.2003	-0.3463	-1.6431	-0.5328	Males: Subscapular z-score	0.641713546062415	0.511387361311453	0.372973460217569	0.506291510100653	0.562606295125006	0.548370569049799	0.532604857496222	0.641713546062415	0.511387361311453	0.372973460217569	0.506291510100653	0.562606295125006	0.548370569049799	0.532604857496222		Yana Rumi	_x0008_ Pastaza	_x0007_ Zábalo	_x0007_ Pilchí	_x0008_ Tiguano	_x000e_ Quehueiri-ono	_x0007_ Gareno	-1.3834	-1.6155	-0.8022	-0.8968	-0.5596	-1.4403	-1.5197	Males: Suprailliac z-score	0.507363257636972	0.425281751526936	0.329115796805116	0.547522375686075	0.493738418309013	0.399332422926063	0.268589113809817	0.507363257636972	0.425281751526936	0.329115796805116	0.547522375686075	0.493738418309013	0.399332422926063	0.268589113809817	-0.6573	-1.1001	-1.0154	-1.209	-0.7146	-2.1296	-1.7325	Community

Mean z-score
Females: Triceps z-score	0.88234294366112	0.683970247306124	0.298836307604777	0.463372196002923	0.755673333333333	1.03862	0.504993333333333	0.88234294366112	0.683970247306124	0.298836307604777	0.463372196002923	0.755673333333333	1.03862	0.504993333333333		Yana Rumi	_x0008_ Pastaza	_x0007_ Zábalo	_x0007_ Pilchí	_x0008_ Tiguano	_x000e_ Quehueiri-ono	_x0007_ Gareno	-1.0159	-1.5113	-0.1339	-1.2067	-0.8614	-1.7695	-1.658	Females: Subscapular z-score	0.432285527070113	0.618499230436061	0.339686696656955	0.293827009358519	0.6952	0.825359523310902	0.591406666666667	0.432285527070113	0.618499230436061	0.339686696656955	0.293827009358519	0.6952	0.825359523310902	0.591406666666667		Yana Rumi	_x0008_ Pastaza	_x0007_ Zábalo	_x0007_ Pilchí	_x0008_ Tiguano	_x000e_ Quehueiri-ono	_x0007_ Gareno	-0.0677	-1.8512	0.5746	-1.5098	-0.6342	-1.2121	-1.236	Females: Suprailliac z-score	0.362256269510964	0.5948040821985	0.357427811133141	0.509994378899504	0.806773333333333	0.801013215171885	0.71148	0.362256269510964	0.5948040821985	0.357427811133141	0.509994378899504	0.806773333333333	0.801013215171885	0.71148	0.1755	-1.3567	0.0851	-1.6224	-0.5713	-1.8527	-0.9219	Community

Mean z-score
Males: Triceps z-score	-0.66460304	-0.53722771	-0.75329288	Females: Triceps z-score	-0.27034615	-1.18795438	-0.66262712	Males: Subscapular z-score	-0.84325987	-1.38681059	-0.50596898	Females: Subscapular z-score	0.40646277	-1.03618362	-0.3663037	Males: Suprailliac z-score	-0.95502688	-1.52441726	-0.72749203	Females: Suprailliac z-score	0.22373813	-0.7509197	-0.35274678	UWDDS2 Tertile
Mean z-score
Males: Triceps z-score	-0.79156228	-0.44297914	-0.71959639	Females: Triceps z-score	-0.48280559	-1.1787015	-0.57004186	Males: Subscapular z-score	-1.09027006	-1.14731452	-0.54152761	Females: Subscapular z-score	0.21230996	-0.91819136	-0.51853157	Males: Suprailliac z-score	-1.16553202	-1.3711895	-0.59593038	Females: Suprailliac z-score	0.07616358	-0.51716076	-0.59593038	PWDDS2 Tertile
Mean z-score
Males: Triceps z-score	-0.63237147	-0.58638726	-0.71959639	Females: Triceps z-score	-0.48280559	-0.89133272	-0.85741063	Males: Subscapular z-score	-0.89960255	-1.3586247	-0.54152761	Females: Subscapular z-score	0.21230996	-0.69535441	-0.74136851	Males: Suprailliac z-score	-1.1877415	-1.36426735	-0.7082675	Females: Suprailliac z-score	0.07616358	-0.50651615	-0.60657499	VWDDS2 Tertile
Mean z-score
_x0006_Pilchí	
 Yana Rumi	_x0008_ Pastaza	_x000e_ Quehueiri-ono	_x0008_ Tiguano	_x0007_ Gareno	_x0007_ Zábalo	1.0	2.0	3.0	4.0	5.0	6.0	7.0	Diet Quality and Objective Health
Level of Market Integration
Average Percentage of Household Days Spent on Activities
Hunting	Gareno	Quehuereono	Zabalo	Pachacutik	Pastaza	Pilchi	Tiguano	45.87815505887232	64.92519705059735	22.30927599903494	41.6292343226729	37.91228888340039	57.04142002573705	33.96865220510664	Selling	Gareno	Quehuereono	Zabalo	Pachacutik	Pastaza	Pilchi	Tiguano	17.08057680779658	38.16659038901602	1.778730564713911	25.34744298615171	30.27379690454092	37.63425097637622	19.75333716169628	Buying	Gareno	Quehuereono	Zabalo	Pachacutik	Pastaza	Pilchi	Tiguano	41.32794594087526	28.97864225781846	8.34248637770318	52.0300702682833	45.2929274152057	48.49086266596034	39.79917151692043	Pay for Labor	Gareno	Quehuereono	Zabalo	Pachacutik	Pastaza	Pilchi	Tiguano	1.42857142857143	8.197940503432493	0.245879851143009	2.564748000924506	3.790855380601648	7.232716354515662	2.994329528400422	Per of Days
_x0006_Pilchí	
 Yana Rumi	_x0008_ Pastaza	_x000e_ Quehueiri-ono	_x0008_ Tiguano	_x0007_ Gareno	_x0007_ Zábalo	1.0	2.0	3.0	4.0	5.0	6.0	7.0	Diet Quality and Objective Health
Level of Market Integration
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