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Abstract

The central question that motivates this dissertation is how and to what extend do social
relations, particularly gender relations, shape local environmental knowledge and subsistence
practices of people in small-scale societies. Specifically, I sought to comprehend the
gendered relations associated with the intracultural diversity of local environmental
knowledge and practices in the context of global environmental and economic change. The
study is grounded in the discipline of ethnoecology, but also incorporates insights from social
network analysis and gender studies in biodiversity management and conservation.

The case of the Tsimane’ forager-horticulturalists from Bolivian Amazonia was
empirically analyzed. In particular, I focused on Tsimane’ knowledge and practices related to
fishing, medicinal plants and homegardening. The specific objectives of the thesis are: 1) to
assess the diversity and redundancy of medicinal plant knowledge within Tsimane’
ethnomedicinal system through a gender lens; 2) to explore the role of social exchange
networks in medicinal plant richness maintained in homegardens and in the medicinal plant
knowledge distribution among gardeners; 3) to describe potential patterns of fishing
knowledge transmission in relation to the influence of fishers’ knowledge, as perceived by
other people; and 4) to ascertain the interrelations among gender division of labor, access and
use of fishing techniques and grounds, and local ecologies in freshwater resource use. Data
were collected during 18 months of fieldwork in two villages of the Tsimane’ Territory
integrating both quantitative and qualitative methods.

Tsimane’ knowledge and practices regarding medicinal plants and fishing are gendered.
Tsimane’ women hold a wider range of knowledge about medicinal plant uses than men,
probably as they are the principal caregivers and health custodians at a household and
community level. Likewise, Tsimane’ women and men target different fish species
influenced by the gendered division of labor and the access to fishing techniques and fishing
grounds. Irrespective from the location, men tend to target the larger and culturally regarded
fish species. Further findings show that an individuals’ location in a social network can
provide both possibilities and constraints for accessing resources and knowledge through
other people in the network. Thus, more central gardeners in exchange networks - typically
women - maintain higher richness of medicinal plants in their homegardens, as they have
more access to medicinal planting material and associated knowledge. Similarly, a fisher’s
position in the fishing network is associated to fishing abilities. Tsimane’ men are more
prominent in fishing networks and have higher perceived knowledge. Overall, results of this
thesis suggest that Tsimane’ gender relations shape the access to, use of, and knowledge
about natural resources, and therefore, women’s and men’s local environmental knowledge.

Findings from this thesis advance the understanding of how local practices and
environmental knowledge diversity arises in a dynamic context with a fresh interdisciplinary
perspective that relies on social networks analysis. This thesis emphasizes the importance of
addressing gender relations in the quest to explain intracultural knowledge diversity. The

il



more relevant contribution of my approach is the innovative manner of assessing people’s
gendered practices and knowledge in the light of the social structure in which they are
embedded. Therefore, from the perspective adopted here, gendered knowledge and practices
are the product of 1) women’s and men’s social relationships among them and towards the
local environment they in which dwell and 2) their positions in the social networks. These
findings are important for comprehending the broader social processes that occur in small-
scale indigenous societies which are increasingly integrated into the market economy and
national societies, and the potential impacts of these processes in their wellbeing and
sovereignty.
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Resumen

La pregunta central que motiva esta tesis es como y en qué medida las relaciones sociales, en
particular las relaciones de género, dan forma a el conocimiento local ambiental y a las
practicas de subsistencia en las sociedades de pequefia escala. En concreto, he tratado de
comprender las relaciones de género asociadas a la diversidad intracultural de précticas y
conocimiento ambiental local en el contexto de cambio ambiental y econémico global. Este
estudio se realiz6 desde la perspectiva de la etnoecologia, pero también incorpora métodos de
analisis de redes sociales y de estudios de género en la gestion y la conservacion de la
biodiversidad.

El caso de la sociedad Tsimane’ de recolectores y horticultores de la Amazonia boliviana se
analizado empiricamente. En particular, me centré en los conocimientos y practicas Tsimane’
relacionados con la pesca, las plantas medicinales y los huertos. Los objetivos especificos de
la tesis son: 1) evaluar la diversidad y la redundancia de los conocimientos de plantas
medicinales en el sistema etnomedicinal Tsimane’ desde una perspectiva de género; 2)
explorar el papel de las redes de intercambio social en la riqueza de plantas medicinales
mantenidas en los huertos y en la distribucion del conocimiento de plantas medicinales entre
los/las horticultores; 3) describir potenciales vias de transmision de los conocimientos de
pesca en relacion a la influencia del conocimiento de los pescadores, segtn la percepcion de
otras personas; y 4) determinar las interrelaciones entre la division genérica del trabajo, el
acceso y uso de técnicas de pesca y zonas de pesca, y la ecologia local, en el uso de recursos
de agua dulce. Los datos fueron recogidos durante 18 meses de trabajo de campo en dos
comunidades del Territorio Tsimane’ incluyendo métodos cuantitativos y cualitativos.

Los conocimientos y practicas Tsimane’ acerca de las plantas medicinales y la pesca estan
determinadas por el género. Las mujeres Tsimane’ conocen una gama mas amplia de usos de
las plantas medicinales con respecto a los hombres, probablemente, porque son las
principales cuidadoras y guardianas de la salud en los hogares y en la comunidad.
Igualmente, mujeres y hombres Tsimane’ pescan diferentes especies influenciados por la
division genérica del trabajo, el acceso a las técnicas de pesca y a las zonas de pesca.
Independientemente de la ubicacion, los hombres tienden a pescar las especies mas grandes y
culturalmente mas valoradas. Otros hallazgos muestran que la posicién de una persona en una
red social puede proporcionarle tanto posibilidades como limitaciones para el acceso a los
recursos y a los conocimientos a través de otras personas en la red. Por lo tanto, los
horticultores mas centrales en las redes de intercambio - tipicamente las mujeres - mantienen
una mayor riqueza de plantas medicinales en sus huertos, ya que tienen mas acceso a material
de propagacion y el conocimiento asociado. Del mismo modo, la posicion de un pescador en
la red de pesca se asocia a sus habilidades de pesca. Los hombres Tsimane’ mas prominentes
en las redes de pesca son los percibidos como mejores pescadores. En general, los resultados
de esta tesis sugieren que las relaciones de género Tsimane’ dan forma al acceso, uso y
conocimiento de los recursos naturales, y por lo tanto, al conocimiento ambiental local de las
mujeres y de los hombres.



Estos hallazgos avanzan la comprension de como la diversidad practicas y conocimiento
ambiental local surge en un contexto dindmico con una perspectiva interdisciplinaria basada
en el analisis de redes sociales. Esta tesis hace hincapié en la importancia de abordar las
relaciones de género para explicar la diversidad intracultural de conocimientos. La aportacion
mas relevante de mi enfoque es la manera innovadora de evaluacién de las practicas y el
conocimiento de género a través de la estructura social en la que las personas estan inmersas.
Por lo tanto, desde la perspectiva adoptada aqui, los conocimientos y précticas de género son
el producto de 1) las relaciones sociales entre mujeres y hombres y hacia el medio ambiente
en el que habitan y 2) sus posiciones en las redes sociales. Estos hallazgos son importantes
para la comprension de procesos sociales mas amplios que se producen en las sociedades
indigenas de pequefia escala, cada vez maés integradas en la economia de mercado y en las
sociedades nacionales, asi como los potenciales impactos de estos procesos en su bienestar y
soberania.
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Chapter 1

(General introduction

1. Motivation and aim

Social relations define people’s access to, use of, knowledge about and control over
biodiversity and natural resources, thus, influencing their interests and management practices.
The central question that motivates this dissertation is to ascertain how and to what extent do
social relations, particularly gender relations, shape subsistence practices and environmental
knowledge of women and men in subsistence-based societies.

Only a few decades ago, the attention to the practices and knowledge of indigenous and
peasant peoples was mostly confined to the academic field of cognitive anthropology
(Conklin 1954; Frake 1962; Berlin 1973; Hunn 1977, 1989), the significance of these
knowledge systems being mostly neglected elsewhere (Zent and Maffi 2010; Reyes-Garcia
2015a). It was not until the 1990’s when other scholarly disciplines, policymakers, and
activists “rediscovered” the practical value of traditional, indigenous or local environmental
knowledge systems'. Since then, local environmental knowledge has been acknowledged for
enhancing biodiversity at a landscape level, as well as for contributing to natural resource
management and conservation (Inglis 1993; Gadgil et al. 1993; Berkes et al. 2000; Gavin et
al. 2015). Local environmental knowledge has also been recognized as a tool for the design
of alternatives to top-down development interventions (Sillitoe 1998, 2000; Bicker et al.
2000). Researchers have also highlighted the role of local knowledge in improving
indigenous livelihoods and wellbeing (Mcdade et al. 2007; Reyes-Garcia et al. in press) and
as a means for self-determination and political empowerment (Posey and Dutfield 1996;
Posey 1999). Local environmental knowledge is also considered the repository for
maintaining biocultural memory (Nazarea 2006; Toledo and Barrera-Bassols 2008) as well as
a source for building resilience in social-ecological systems (Ceuterick et al. 2011; Gémez-
Baggethun et al. 2012; Reyes-Garcia et al. 2014).

" There is ongoing debate on the most appropriate term to identify and define these complex bodies of cultural
knowledge in relation to the environment (see for example Ellen and Harris 2005). Some of the most
commonly used terms are folk knowledge (Atran et al. 2002), indigenous knowledge (Gadgil et al. 1993;
Ohmagari and Berkes 1997), traditional ecological knowledge (Berkes et al. 2000; Goémez-Baggethun et al.
2012; Gomez-Baggethun and Reyes-Garcia 2013), local ecological knowledge (Davis and Wagner 2003;
Pilgrim 2006), or local environmental knowledge. As this research addresses the knowledge system of an
indigenous society (that self- identify as such) from an ethnoecological perspective and the way they perceive,
use, and manage natural resources, I mostly refer to local environmental knowledge and ethnobiological
knowledge interchangeably through the text.



The “rediscovery” of local knowledge systems has been accompanied with a rising
awareness of the threats for its preservation, which consequently led to a plethora of studies
that focused on describing and examining how knowledge is transmitted and distributed in
different cultures and across knowledge domains. The approach of most of these studies has
mainly been on individual socio-demographic characteristics of knowledge holders to explain
knowledge distribution, largely overlooking the role of social relations in shaping the
knowledge that people hold.

Our current understanding of local environmental knowledge systems depicts them as
threatened and eroding, but — at the same time — as dynamic and adaptive (Reyes-Garcia
2015a). Thus, on the one hand, researchers have looked at the driving factors of local
knowledge erosion, including schooling, changes in land use, integration into the market
economy, loss of access to resources because of conservation policies, to name several
(Godoy et al. 2005; Gomez-Baggetun et al. 2010; McCarter and Gavin 2011; Paneque-Géalvez
et al. 2013; Ruiz-Mallén and Corbera 2013; Reyes-Garcia 2015a). On the other hand,
researchers have also started to recognize that the focus on the erosion of local knowledge
lies on the on the premise that knowledge is static, timeless or even decontextualized.
Notwithstanding the relevance of assessing the loss of local knowledge, researchers have
started to analyzing knowledge as situated, complex, adaptive, and dynamic (Ellen et al.
2005; Mathez-Stiefel et al. 2012; Gémez-Baggethun and Reyes-Garcia 2013).

On the basis of these premises, two main motivations guide and interconnect my research
interests in this dissertation:

1. To understand the dynamic social aspects that shape the intracultural diversity of local
environmental knowledge and practices, going beyond the analysis of individual
socio-demographic characteristics, and

2. To assess how social relations, namely gender relations, shape differences and
similarities both between and within women’s and men’s practices and environmental
knowledge, and their interplay.

This thesis presents a multifaceted study of fishing and medicinal plants practices and
knowledge of Tsimane’ people in Amazonian Bolivia. The aim of this thesis is to advance the
understanding of the set of social relations defining women’s and men’s subsistence activities
and their access to, use of, and knowledge about natural resources. In Figure 1, I show
different sets of factors potentially influencing fishing and medicinal plants practices and
knowledge among the Tsimane’. In this research, I largely focus on the interpersonal and
societal and level for explaining individual’s practices and knowledge over the role of
individual’s interests, curiosity, and agency in the process of learning, acquiring knowledge
and practicing different activities.



Figure 1. Factors potentially influencing medicinal plants and fishing practices and knowledge
among the Tsimane’.
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This chapter presents the background of the thesis. I first introduce the more relevant
aspects of the theoretical frameworks that guided the study, followed by the research strategy,
the analytical approach, and the research objectives. The chapter concludes with the outline
of the thesis.

2. Theoretical framework

This research was designed from the perspective of ethnoecology, the scientific
interdisciplinary field that explores the relationships between humans and the natural world.
Ethnoecology emphasizes the role of cognition in framing behavior in so far as people’s
localized activities are guided by the knowledge, beliefs and values they share with the social
system members they interact with (Nazarea 1999, Gragson and Blount 1999). Within this
field, and in order to develop a framework for investigating the set of social relationships
influencing women’s and men’s practices and knowledge in Tsimane’ Amazonian
communities, I draw on empirical and theoretical insights from cultural evolution theory,



social network theory and methods, as well as gender studies in biodiversity management and
conservation. In this section, I briefly present the essential concepts integrated in this study
and particular epistemological considerations.

2.1 Cultural evolution theory

Scholars aiming at understanding human behavior and cultural change have borrowed
concepts and methods from evolutionary theory to explain how beliefs, knowledge, customs,
skills, attitudes, and languages, among others, are socially transmitted ( Richerson and Boyd
2005; Mesoudi 2011). Drawing on Darwin’s postulates of biological evolution (i.e. variation
between individuals’ characteristics, competition for resources, and inheritance of biological
traits from the parental cohort) cultural evolution theorists enrich the human evolutionary
theory by sustaining that human evolution is not only the result of biological evolution, rather
the result of a complex process of dual inheritance, in other words, the co-evolution of genes
and culture. Different than genes, culture is transmitted by social processes.

Several evolutionary approaches to cultural change have been built upon the pioneer work
of Cavalli-Sforza and Feldman (1981) on cultural knowledge transmission. These authors
proposed an adaptation of the genetical-transmission and developed a mathematical theory
for explaining the transmission of cultural traits, later refined by Hewlett and Cavalli-Sforza
(1986). In this model, cultural transmission is defined as “a process of social reproduction in
which a culture’s technological knowledge, behavior patterns, and cosmological beliefs are
communicated and acquired” (Cavalli-Sforza and Feldman 1981: 922).

The pathways for cultural knowledge transmission described in Cavalli-Sforza and
Feldman (1981) model are 1) from parents to children (vertical), 2) among peers or
individuals of the same age (horizontal), and 3) from non-parental members of older
generations to members of younger generations (oblique). Vertical transmission is the most
“conservative” mode of transmission, as it limits innovations and enhances cultural continuity
(McElreath and Strimling 2008). Horizontal modes of transmission can favor a rapid spread
of cultural traits to others and intracultural variation of knowledge can be high. Within the
path of one-to-many (oblique transmission), communication is highly efficient and therefore
changes in knowledge may occur rapidly; also cultural traits can be transmitted both along
multiple pathways or limited to one or another (Cavalli-Sforza and Feldman 1981). Both
horizontal and oblique transmissions may be highly adaptive in rapidly changing
environments. Researchers have tested the relevance of these different pathways of
knowledge transmission in diverse domains, including foraging techniques (Hewlett and
Cavalli-Sforza 1986; Ohmagari and Berkes 1997) and ethnobotanical knowledge (Lozada et
al. 2006; Reyes-Garcia et al. 2009; Mathez-Stiefel and Vandebroek 2012). Reyes-Garcia et
al. (in press) have proposed that these pathways have a differing importance through a
person’s life. Vertical knowledge transmission might be most important during early
childhood and looses preeminence towards horizontal and oblique transmission as people
aged. This multi-stage learning model of cultural learning emphasizes the complexity and
diversity of cultural transmission pathways over the life span (Reyes-Garcia et al. 2015b; see
also Gallois 2015).



Richerson and Boyd (2005) have also argued that, in the process of social learning, people
select from alternative sets of skills, ideas, beliefs, and values (cultural variants) to which
they are exposed in the course of daily life. These authors proposed three possible biases that
affect knowledge transmission: content bias, conformist bias, and prestige bias. Although the
selection of cultural variants might be based on content (e.g., some variants might be easier to
learn than others), people also have a predisposition to adopt those variants that occur more
frequently (conformist bias) or that are exhibited by successful or prestigious individuals
(prestige bias) (Henrich and Gil-White 2001; Richerson and Boyd 2005).

In this research, I integrate insights from the prestige bias model (Henrich and Gil-White
2001; Richerson and Boyd 2005) to explore the effect of being perceived as knowledgeable
or with high status in subsistence activities (i.e. fishing and homegardening) on knowledge
transmission and distribution patterns. To do so, I employ social networks analysis.

2.2 Social networks theory and methods

While cultural evolution theorists attempt to explain the mechanisms that account for the
long-term transmission of cultural knowledge, researchers ranging from various disciplines
such as anthropology, psychology, environmental sciences, and agronomy are interested in
the contemporary processes that drive cultural knowledge transmission, its potential
pathways, and the changes that can likely alter this process, e.g. knowledge loss and
hybridization. In the quest to address cultural knowledge transmission, scholars have started
to use social networks theory and methods. In this thesis, I pursue this latter approach of
applying social networks analysis to explore the potential contemporary pathways of
knowledge transmission that might define knowledge distribution among the Tsimane’.

More that three decades age, Boster’s (1985, 1986) seminal work showed the relationship
between variation in knowledge, social relations and transmission processes among the
Aguaruna in Peru, where the knowledge of manioc varieties was patterned according to social
identity and individual’s opportunities to learn. More recently, Casagrande (2002) also has
highlighted the contribution of social and situational factors to the uneven distribution of
cultural knowledge. Thus, intracultural knowledge variation cannot be fully understood
without paying attention to the social relations that allow and favor its transmission.

Drawing on this body of knowledge, researchers have recently found in social network
analysis a quantitative analytical tool that can potentially help to understand and trace the
pathways of knowledge transmission. Social networks are defined as a set of actors and their
relations, thus, network analysis focuses on the relations among actors and not just on actors
and their individual attributes (Hanneman and Ridle 2005). Besides individual characteristics
or attributes (such as age, sex, ethnicity, income, and education), the social network approach
put the emphasis on social relationships among individuals for explaining social phenomena.
The “actors” in social networks, also known as “nodes”, can be either collectivities or
individuals.

Social network analysis builds upon graph theory concepts, matrices mathematical
operations, and graphical representations for describing and quantifying social structure



properties, as well as for visualizing the networks (Wasserman and Faust 1994). Social
network analysis also draws on psychological theories, such as social comparison theory, that
focuses on the tendency of individuals to compare themselves to people with whom they have
things in common. One important aspect of this theory is the principle of homophily, or the
tendency of individuals to associate with people who are similar to themselves. Homophily in
social networks has been suggested as a concept to approach the study of the social relations
that influence, create, and maintain gender differences. This perspective emphasizes that what
is considered as masculine and feminine is the product of the social relations in which women
and men are embedded, thus their preferences and attitudes are determined by their social
relationships (Smith-Lovin and McPherson 1993). The argument is that very initial small
differences in the types of networks and experiences of boys and girls lead to men and

women occupying very different social worlds (Smith-Lovin and McPherson 1993;
McPherson et al. 2001).

Other theories and hypothesis have been also developed within the social network analysis
discipline (see Kilduff and Tsai 2003; Borgatti et al. 2009; McCarty and Molina 2014, for
overviews on different theoretical concerns guiding social network analysis). For example,
Granovetter's (1983) strength of weak ties theory emphasizes the significant role of weak ties
or acquaintances’ relations compared with strong ties or well known people for the flow and
access to new/different information in a social structure. Burt (2004) developed the concept
of the structural hole, or the opportunity for individuals to act as bridges in otherwise
unconnected groups within an organization, and in doing so, improving their social capital. I
draw on these theoretical approaches to elucidate some of my findings in chapters 4 and 5.

There are two primary types of social networks analysis: whole networks or sociocentric
networks and personal networks or egocentric networks. In this research, I use a whole
network approach that focuses on the interactions of actors within a bounded space and aims
at collecting data about each member of the bounded group and their interactions with all
other members (see chapter 4 and 5). Interactions can be measured at different levels,
specifically: node level (individual), dyad level (pairwise relations), and network level
(aggregations of dyad and node measurements) (Borgatti el at. 2013). Node centrality, or the
structural importance of a node in a network, is the most widely used node level measure
(McCarty and Molina 2014). Central nodes may be prominent, or influential, or gatekeepers,
or having control, visibility, prestige and power, but not as inherent properties of centrality,
but rather as potential consequences of centrality (Borgatti et al. 2013).

A growing body of interdisciplinary research has started to apply social network analysis
to answer questions on the factors that account for local environmental knowledge
transmission and variation. For example, researchers have use social networks analysis to
study cultural transmission of knowledge (Haselmair et al. 2014) or links between
individuals’ centrality in a network and knowledge distribution (Hopkins 2011; Calvet-Mir et
al. 2012; Reyes-Garcia et al. 2013) showing that individual’s network position at least partly
predicts their knowledge, where people with higher centrality measures tend to hold more
knowledge than less central people. Knowledge transmission of management practices in



agroforestry and fisheries has also been explored with a social network approach (Atran et al.
2002; Marney et al. 2007; Crona and Bodin 2006, 2010; Crona and Hubacek 2010).

Another very prolific area of research applying social network analysis methods is the
agrobiodiversity field. There are increasing evidences that cultural diversity, social
differentiation, gender relations, and agrobiodiversity management are intertwined (Howard
2003, 2006a; Reyes-Garcia et al. 2010; Leclerc and d’Eeckenbrugge 2011; Labeyrie et al.
2013), which highlights the importance of understanding the social context of plant materials’
exchanges (i.e. seeds, stems, among others) as well as the cultural selection of plants and
germplasm for agrobiodiversity conservation in situ (Ban and Coomes 2004; Coomes 2010;
Ellen and Platten 2011; Pautasso et al. 2013; Coomes et al. 2015). Social network analysis
has proved to be a powerful tool for monitoring seeds and crop varieties flows among farmers
and gardeners (Subedi et al. 2003; Calvet-Mir et al. 2012; Reyes-Garcia et al. 2013; Kawa et
al. 2013; Poudel et al. 2015). These studies have shown that social networks can both
facilitate and constrain seeds and crop varietal distribution.

Overall, the fundamental axiom of social network analysis is that social structure matters
(Borgatti et al. 2009). In this dissertation, social network analysis is applied to explore
individuals’ opportunities and constraints in practicing different subsistence activities and in
acquiring related cultural knowledge, which may partly be determined by their position
within the network; thus, depending on the social structure.

2.3 Gender studies in biodiversity management and conservation

Gender is a critical analytical variable throughout this thesis, as an essentially relational
variable that shapes social organization and the practices assigned, expected, and undertaken
by women and men in their daily life. Gender relations cause and reinforce the transmission
of environmental knowledge by defining with whom may women and men interact.

In this research, I use the terms sex - to refer to the individual level or biological
differences between women and men - and the term gender - to refer to the interpersonal level
or sociocultural differences between them. I employ these terms to locate women’s and men’s
differences and interplay on their dependence on, use of, and knowledge of resources, in
social norms and material conditions (Agarwal 1992, 2009). Nevertheless, I do acknowledge
that the complexity of interactions between gender and environment are also shaped and
constrained by the intersection of gender with other identities such as those along racial,
ethnic, class, or caste; and that ‘bounded’ categories of “women” and “men” are imperfect
(Banerjee and Mayerfeld 2007). I also recognize the existence of multiple non-dichotomous
identities that much more accurately reflect the true diversity of human genders, although the
thorough treatment of the multiplicity of gender identities is beyond the scope of this
research. That said, I employ a binary view of the terms sex and gender, because despite
problematic, I consider they are useful analytical categories to study the Tsimane’ social
organization and gender relations within the context of my study (see section 4 in chapter 2).

In ethnobiological research, the work of Howard (2003) and Pfeiffer and Butz (2005) on
the importance of gender relations in biodiversity management and conservation and in



assessing variation in practices and knowledge, were pioneers in their systematic and
thorough insights to the field. Howard (2003) highlighted the shortcomings and potential
distorted results of research overlooking gendered knowledge, understood as “the knowledge
which is held either by men or by women” (Howard 2003:22), particularly when men
informants are taken as representatives of the knowledge (or practices) of the entire cultures.
Three potential errors are related to gender-blind research: omission, when women’s
knowledge is not studied; unreliability, when the informants selected are not well or partially
informed leading to an improper identification and characterization of uses and knowledge of
plants; and interpretation, when people-biodiversity relations are misunderstood as a result of
neglecting critical gender relations (Howard 2003, 2006b). Pffeifer and Butz (2005) also
provided a detailed account on the factors underlying gender-based spatial and temporal
variation in ecosystem exposure and knowledge in rural societies worldwide. Several factors
that contribute to gendered differences in wild food harvesting, biodiversity and
agrobiodiversity maintenance, natural resource management, as well as the transmission of
secular customs and the conservation of sacred. Those factors include stereotypes or sex-
based assumptions that overlook plurality of knowledge and practices within communities,
and the disregard of distinctions between access, use and knowledge - when informants
selected are just owners of for example land and not users - which also have implications for
the gendered biodiversity and ecosystems management. Purposive sampling and approaches
that assume cultural homogeneity are also potential sources of gender bias that can lead to
fuzzy conclusions. Overall, these factors interact at different scales resulting in gendered
knowledge regarding species (Lope-Alzina 2007; Carr 2008), plant and animal parts (Howard
and Nabanoga 2007), as well as spatial, temporal and encounter rate variations (Turner 2003;
Makalle 2012). Kothari’s (2003) also brought the idea towards questioning the influence of
micro and macro level of power relations in order to understand variations in knowledge, and
the need to explore the power-knowledge web of relations.

Feminist political ecology is another discipline of inquiry about gender and environment
issues that has inspired some aspects of this work. Feminist political ecology aims at
understanding and interpreting gendered local experiences in the context of global processes
of environmental and economic change (Rocheleau et al. 1996). Leach’s (1994, 20006)
people-oriented approach to conservation also places gender relations and the way in which
women and men gain access to, and use and manage resources to the center of the analysis of
forest resource use. She claims that women’s forest resource use cannot be fully understood
in isolation, what is, by focusing exclusively on women’s experiences and therefore
obscuring gender relations. Leach and colleagues also introduce the concept of
“environmental entitlements”, which focuses on intracommunity dynamics and informal
institutions in community-base resource management, where different actors positioned
differently in power relations have diverse and contested priorities and claims over resources
(Leach et al. 1999). Other scholars have also claimed a multi-scale frame and an integrated
social and ecological perspective to examine the links among local phenomena and regional
and global processes (see Paulson 2003; Cote and Nightingale 2011; Nightingale 2015).
From these studies, the two particular areas from which I draw in this work are the themes
related to gendered knowledge and gendered customary access and management of



biodiversity and natural resources (Rocheleau et al. 1996). I have purposely encouraged both
Tsimane” women and men to participate in this research in an attempt to better understand
their interplay in daily practices which may lead to a gendered access to, use of, and
knowledge about medicinal plants and fishing resources.

2.4 Epistemological considerations

It has been argued that all knowledges are anchored in particular cultural and socioeconomic
contexts, what has been term as situated knowledges (Haraway 1988; Agrawal 1995). Within
ethnoecology, Nazarea (1999) claims that ethnoecologists that aim to understand the interface
between cognition and action should turn the attention to the lenses and latitudes that shape
and frame these interconnections, as situated knowledges, as views from a point. She further
mantains that the historical and political underpinnings of the representational and directive
aspects of culture cannot be ignored, nor turn away from issues of distribution access, and
power that shape knowledge systems and the resulting practices (Nazarea 1999: 9). Ellen
(2004) refering to science as a knowledge sytem, also discusses that since science is
dependent on cultural constructs to determine shared knowledge, and is conducted by sentient
persons with values and social differences in intersubjective space, it will always only be
sufficiently precise, but for all that a remarkably reliable model of the world (Ellen 2004:
444). On the basis these arguments about the situated nature of knowledge, I consider
essential to specify the point from where my view arises in this thesis as a white female
researcher trying to understand environmental knowledge, practices, and gender relations
among people from a completely different cultural background.

Regarding epistemological considerations on the anthropological analyses of gender
politics in Amazonia, Lorrain (2001) identifies two potential biases stemming from Western
political philosophy and anthropological traditions: the hierarchy bias and the equality bias.
On the hierarchy bias would lie in ethnocentric and ideological equality-blind judgements
about gender relations that are mistakenly consider inegalitarian (Overing1986 cited as cited
by Lorrain). On the other side, an equality bias can lead also to erroneous view of the same
gender relations as egalitarian (Lorrain 2002). Drawing on Riviere (1984) she also argues that
these perspectives are largely a function of the analytical levels that researchers chose, for
example, sames sex (or same age) relationships might be egalitarian, whereas those with
opposite sex (or diffrent age) might be hyerarchical. I draw on her ideas to situate my
position in this dissertation regarding the analysis of gendered practices and knowledge
among the Tsimane’.

The most detailed gender analysis to date among the Tsimane’ was provide by Ellis
(1996). She analyzed gender relations among the Tsimane’ essentially from an equality bias
point of view. Drawing on Overing (1986) critique to the hierarchy bias, she claims that the
complementarity and interdependence of gender division of labor among the Tsimane’
represent an “extreme case of gender equality and informality within Amazonia (Ellis 1996:
165) (see section 4 in chapter 2). Lorrain (2001), in contrast, argues that this egalitarian view
for an economic system where men are the main meat and fish providers, and where the
differential food consumption — specifically fish and meat - between households in everyday



life are overwhelmingly associated to flaws in male, rather than female, productive activities
is, to a some extend, biased. She explains that female tasks in this sense (preparation of meat
and its distribution) depends on previous male inputs, however, no male tasks required
previous female input, which is why flaws in male productive tasks can have such an
important impact (Lorrain 2001:269). Going back to the Tsimane’, and two decades after
Ellis study, some other researchers have already claim the emerging inequalities among
Tsimane” women and men (Godoy et al. 2007; Zycherman 2013). I therefore position this
work within the hierarchy bias epistemological interpretation of Tsimane’ gendered practices
and knowledge.

3. Research strategy and analytical approach

This thesis has been developed within a larger five-year research project entitled “The
adaptive nature of culture: a cross-cultural analysis of the returns of Local Environmental
Knowledge in three indigenous societies” aimed at empirically testing a pathway through
which cultural knowledge might enhance human adaptive strategy: the individual returns to
culturally evolved and environment-specific knowledge. A Starting Grant of the European
Research Council (FP7-261971-LEK) funded the project, lead by Dr. Victoria Reyes-Garcia.
Therefore, data used in this thesis result from a cooperative effort of a gender-balanced team
consisting of two PhD students and six local assistants and translators that lived and worked
in two Tsimane’ villages for 18 months. Data collection was authorized by the political
representative organization of the Tsimane’, the Gran Consejo Tsimane’, in adherence with
the International Society of Ethnobiology Code of Ethics (2006). All the people that
participated in the study did so of their own free will and with full prior informed consent
(FPIC).

To develop this thesis I have combined two research strategies in constant loop and
feedback, in a self-reflective and iterative learning process. Based on the research wheel
metaphor (Rudestam and Newton 2015), I illustrate the research process of this thesis in
Figure 2.

A primary phase of fieldwork (January-May 2012) was mostly devoted to obtain the
agreement and FPIC to live in the villages, to learn Tsimane’ language, to build trust with the
people, and to adapt to live in a Tsimane’ village. In this primary phase, I shared daily life in
the villages and participated in different activities, such as trips to the forest to gather
medicinal plants and wild edibles, fishing, or harvesting. I also collected census data,
medicinal plants free-listings, and semi-structured interviews, as well as organized focus
groups. After the initial phase in the villages, I analyzed some of the data and prepared the
protocols for the second round of data collection. Also, after spending some months in the
field, I decided to complement my original focus on medicinal plants with data regarding
other domains of knowledge, specifically fishing and homegardening.

During the secondary phase of fieldwork (July 2012-August 2013), I collected
homegarden inventories and conducted interviews, fishing ratings. I also collected a panel of
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data about subsistence activities and social networks. A detailed account on each of these
methods is provided in the following empirical chapters. Once fieldwork was finished, I
cleaned and prepared data for analysis. I have analyzed, revised the theoretical and
conceptual framework and wrote this thesis from September 2013 to December 2015.

Figure 2 Research analytical approach based on the research wheel metaphor (Rudestam and

Newton 2015).
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3.1 Research objectives

The purpose of this thesis is advancing the understanding of the set of social relationships,
particularly gender relations, that define that define women’s and men’s subsistence practices
and local environmental knowledge. The following specific objectives permitted the
operationalization of this general aim, serving as a guide for the empirical research conducted
among the Tsimane’, in the Bolivian Amazonia, related to fishing and medicinal plants, as
well as medicinal plant presence in homegardens.

1. To assess diversity and redundancy of knowledge in Tsimane’ ethnomedicinal system
through a gender lens (chapter 3).

2. To explore the role of social networks in explaining 1) medicinal plant richness in
homegardens and 2) medicinal plant knowledge distribution among gardeners
(chapter 4).

3. To describe potential pathways for the transmission of fishing knowledge in relation
to fishers’ knowledge as perceived by others in this process (chapter 5).

4. To ascertain the interrelations among 1) gendered division of labor, 2) technology use,
and 3) local ecologies, in freshwater resource use, specifically on fish species
extraction (chapter 6).

Each objective has been developed in a research paper, presented as the core of this thesis in
four different chapters (see below).

4. Thesis Outline

This dissertation is organized in seven chapters (Figure 3). Following this general
introduction, I provide a brief overview of the case study (chapter 2). Then, I present a
compilation of four empirical research chapters in the format of scientific articles (chapters 3,
4,5, and 6). These empirical chapters present some similarities, specifically in the description
of the study area and the methodological approach. I have preserved each chapter in its
original article format in order to maintain their respective internal cohesion, even if the
reader finds some duplicated information between chapters. Finally, a comprehensive
conclusion (chapter 7) provides an overview of the main theoretical and methodological
learnings and practical implications of this research. It also suggests potential areas for future
research. Further contents are compiled in three Appendices, providing methodological
details for some of the chapters. I also present an Annex with a list of publications that I have
co-authored during my PhD and the outreach efforts.

At the time of delivering this dissertation, the first article (chapter 3) is under review in
AMBIO, the second article (chapter 4) is in press in Ecology and Society, the third article
(chapter 5) is under review in Society and Natural Resources, and the fourth article (chapter
6) is a manuscript in preparation to be submitted to Human Organization. The following
paragraphs provide an overview of the thesis articulation and summarize the four research
chapters.
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Figure 3. Structure of the thesis.
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Chapter 2 provides a brief overview of the historical, biogeographical and sociocultural
background of the Tsimane’ forager-horticulturalists from Bolivian Amazonia, the empirical
case that I analyze in the following chapters.

Chapter 3 presents a conceptual framework to assess diversity and redundancy of
knowledge within ethnomedicinal knowledge systems. I partially evaluate how this
framework operates in a particular empirical situation using the case of medicinal plant
knowledge among lay Tsimane’. Through this chapter, I argue that research on indigenous
health and medicinal plant knowledge should pay careful attention to women’s knowledge 1
also discuss that Tsimane’ ethnomedicinal knowledge and medical systems’s adaptive
capacity may rely on the use of medicinal plants as the primary source of healing or as an
alternative to, or in combination with, biomedical options at a practical level.

Chapter 4 explores the influence that exchanges of medicinal plant material and
knowledge through social networks might have for medicinal plant diversity in Tsimane’
homegardens. I explore whether social organization patterns the exchange of medicinal plant
knowledge and/or medicinal plant material employing a social network analysis approach. I
argue that the understanding of the factors that pattern general species diversity in tropical
homegardens, and medicinal plant diversity in particular, can help policy makers, health
providers, and local communities to better understand how to promote and preserve
medicinal plants in situ. This way, medicinal plants can continue to provide locally
accessible, culturally appropriate, and economically affordable health care options for people
with scarce access to biomedical healthcare systems.

Chapter 5 tests whether people’s choice of fishing partners is related to fishers’ perceived
fishing knowledge. I focus on gendered social interactions and apply social network analysis.
I argue that a network approach is useful for exploring local environmental knowledge
transmission and distribution as it broadens our understanding of how the different social
structures that derive from a particular cultural and economic context shape the opportunities
and constraints that social relations impose on knowledge transmission, and on the use of
natural resources.

Chapter 6 addresses the interrelation of 1) gender relations and division of labor 2) access
to and use of fishing techniques and fishing grounds, and 3) local ecologies. I argue that
gendered fishing resources use, livelihood strategies and ecological conditions in the study
villages are intertwined. Where differing and changing livelihood strategies due to integration
in the market economy might influence the fluidity of gender roles and labor, increasing
women’s labor and involvement in fishing.

Chapter 7 draws the main conclusions based on the four empirical chapters presented. For
that purpose, I reflect on the theoretical and methodological contributions of this research. I
also discuss about the practical implications of the research findings, to finalize with a
reflection on the limitations of the approach and recommending areas for future research.

Finally, the Appendices provide further details on several aspects of the research
methodology: Appendix 1 provides a list with the correspondence of medicinal plant
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vernacular names with scientific names from the chapter 3; Appendix 2 contains a list of
species inventoried in homegardens in two Tsimane’ villages in chapter 4; Appendix 3
summarize the fish species reported in chapter 6. The Annex provides a list of publications
that [ have co-authored during my PhD and the outreach efforts.
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Chapter 2

Case study: The Tsimane’

This chapter provides an overview of the biogeographical setting in which the Tsimane’
currently dwell, the most decisive historical and political events which have affected them
and their territory, their socio-cultural background, a description of their principal economic
activities, and a brief account of their mythology and cosmovision.

1. Biogeographical setting of contemporary
Tsimane’

There are about 125 Tsimane’ villages, distributed among several types of tenure regimes, 85
are in indigenous territories, 36 in protected areas, 4 in logging concessions, and 15 in private
lands (Reyes-Garcia et al. 2014). Some of these villages have a dual status i.e., that of both
protected area and indigenous territory. In this thesis I focus on two villages within the
Tsimane’ Indigenous Territory, a large territory of approximately 392.220 hectares in the
south-western (14° 10°- 15° 40° S, 66° 20°- 67° 20° W) department of Beni in the Bolivian
Amazonian, which comprises about 55 villages (see Figure 4). The villages studied are
relatively isolated, which does not necessarily imply great geographical distance from urban
areas, as a mere 32 km and 122 km separate the villages from the closest town, San Borja
(Luz 2012). It has more to do with general accessibility, as transport is restricted to the river
and it takes a one-day or a three-day journey by canoe to reach the selected villages.

Geographically the study area lies between the foothills of the Andes and the flooded
pampas of Moxos, with broadly two forest types: terra firme Amazonian lowland forest and
at higher altitudes montane forest, for example, in the southwestern hills (Guéze 2011). The
area shelters a rich biological diversity. Top canopy species include deciduous species such
as Hura crepitans, Swietenia macrophylla, and Terminalia oblonga. Other common tree
species are Pseudolmedia laevis and the palms Bactris gasipaes and Jessenia bataua (Guéze
2011). These forests support about 30 game vertebrate species, including Mazama
americana, Pecari tajacu, Agouti paca, Cebus paella, and Dasypus sp. (Luz 2012).

The Maniqui River, which winds its way around the outskirts of the municipal town of
San Borja, can be considered the very heart of the Tsimane’ territory. It is along the banks of
this river and its numerous tributaries that most Tsimane’ communities are found (Ringhofer
2010). Freshwater fish are represented by Prochilodus nigricans, especially abundant in the
Maniqui River, and other large-bodied catfishes as Pseudoplatystoma fasciatum, Paulicea
luetken, and Salminus maxillosus. These three large-bodied species can reach up to one meter
in length and play important ecological as well as economic roles in the study area by
structuring aquatic foodwebs and providing highly regarded and culturally meaningful food
resources for the Tsimane’.
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Figure 4. Map of the study area
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The climate seasonality of the region is strong: there is a dry and relatively cold winter
between May and November, marked by occasional cold spells or surazos - mostly between
May and July, and a wet and humid summer between December and April. Average annual
rainfall ranges between 1.870 and 2.550 mm (CIDDEBENI 2002) and average annual
temperature in the main town of the area, San Borja, 25.8 °C (Navarro and Maldonado 2002).

2. Historical and political context

Early sporadic encounters between the Tsimane’ and missionaries began in the 17" century.
Some references to the Tsimane’ people can be also found in the writings of explorers who
travelled through the Amazonian rainforest at the beginning of the 20" century (Nordenskiold
1924; Pauly 1928; Metraux 1942). The general message conveyed by this early literature is
that, up until the late 1930s, the Tsimane’ managed to maintain a traditional and self-
sufficient lifestyle, but their interactions with Bolivian society have steadily increased since
the 1940s (Reyes-Garcia et al. 2014). Some authors believe that Tsimane’ success in resisting
the established missions until the 1950s lies in their traditional social organization. The lack
of a centralized figure and the organization of settlements into small semi-nomadic kin family
units, as well as their extensive use of natural resources probably enabled them to move
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easily and may have prevented them from staying in one place for a long time and their
sedentarization in permanent missions (Chicchon 1992; Ellis 1996; Huanca 2006). The most
thorough account on the historical and political events regarding the Tsimane’ lands is
provided in the work of Reyes-Garcia et al. (2014) summarized as a historical timeline in
Table 1.

The Tsimane’ succeeded at resisting the missions until the 1950s, when the Catholic
Redentorists and the Protestant New Tribes missionaries managed to establish missions in the
area inhabited by the Tsimane’. Huanca (2006) compiled Tsimane’ oral history, which
identifies this period as turbulent, characterized by explosive epidemics, acts of aggression,
and impositions of new social norms, social control and cultural violence including sexual
harassment. Once Catholic and Protestant missions became permanently established in the
territory for Christian indoctrination, the missionaries approach to the Tsimane’ was
different. While the Catholics attempted to promote economic development, health care and
indoctrination, the Protestants emphasized the translation of the Bible into the Tsimane’
language and additionally provided humanitarian aid. The missions influenced Tsimane’
society significantly, for example, by undermining and eroding the role of cocojsi (traditional
religious and health leader or shamans), and also discouraging the practices of polygamy and,
to some extent, the use of medicinal plants (Huanca 2006).

In the same decade, other profound political changes took place in Bolivia, including
social and political reforms associated with the 1952 Revolution and the subsequent 1953
land reform. The government endorsed the expansion of schooling and gave the
responsibility for schooling remote lowland native Amazonian populations to Protestant
missionaries (Castro-Mantilla 1997). The missionaries mostly trained young Tsimane’ men,
who later became teachers and political leaders (Reyes-Garcia 2010).

After the rubber boom and with the opening of a road to the region in 1975, the arrival in
the area first of ranchers and, afterwards, of colonists and loggers, also had a profound effect
on Tsimane’ territory and lifestyle. For example, the government promoted the resettlement
of highland peoples (Aymara and Quechua) in the lowlands. This process of colonization
affected the Tsimane’ in different ways: in some cases, colonists used Tsimane’ as labor for
cattle ranching and logging; in other cases, the settling of colonists, armed with legal land
tittles obtained in the capital city of La Paz, forced Tsimane’ communities to move closer to
rivers, away from the new roads (Reyes-Garcia 2001).
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Table 1. Historical and political events of the Tsimane' Territory

Period Phase Year Key historical and political events References
Indigenous 1621 The Franciscan priest Gregorio de Bolivar provides the first known reference to the Tsimane’ Chicchon (1992), Daillant (2003)
territories as
marginal lands 1693 Foundation of the Mission San Francisco de Borja Métraux (1948)
17th Century  and the arrival of 1805 Foundation of two small missions with the Tsimane’ villages along the Maniqui river Pérez Diez (1983)
until 1952 Missions, 1860s Violent confrontations: Tsimane’ resistance to settle in missions Daillant (2003), Huanca (2008)
1910s Arrival of new migrants to the area (mostly attracted by the rubber economy) Paneque-Galvez et al. (2014)
1930s Some Tsimane’ start working as ranch laborers, becoming entangled in the debt-peonage system Martinez-Rodriguez (2003)
1950s Arrival of the first traders to the Tsimane’ Territory: expansion of debt-peonage systems Riester (1993), Huanca (2008)
1952 National Revolution in Bolivia: huge migration waves to the Bolivian lowlands Pacheco et al. (2010)
1957 Establishment of the Catholic Fatima mission and arrival of the Protestant New Tribes Mission Huanca (1999)
) 1970s Illegal logging operations in the Chimane Forest (largest mahogany reserve in South America) Jones 1980
1952- 1980s :)?;Z:ltsiff)imlers 1975 Road opened between San Borja and Trinidad
1979 Road opened between Rurrenabaque and Yucumo: rapid increase of permanent migration Botazzi 2008
1980s Land conflicts force many Tsimane’ families to migrate to the Maniqui and Quiquibey rivers
1982 Creation of the Beni Biological Station (135,000 ha) in the lower section of the Maniqui river Paneque-Galvez et al. (2013)
] 1989 Creation of the Gran Consejo Tsimane’ (GCT), political organization representing the Tsimane’ Reyes-Garcia et al. (2014b)
Indigenous March for Territory and Dignity: claims for indigenous territorial rights Jones (1993)
1985-1994 people’s political ~ 1990 - ; : TTa :
awakening The Tsimane’ are granted a communal land of ca. 400,000 ha: Tsimane’ Indigenous Territory Reyes-Garcia et al. (2014b
1990s The Tsimane’ living in Pilon Lajas, TIM and TIPNIS are also granted territorial rights
1994 Popular participation law: decentralization and recognition of indigenous authorities Chumacero (2011)
) Agrarian Reform Law: TCOs are created and the land titling process (saneamiento) starts Assies and Salman (2000)
19942005 Ei?tlilfjlrt?ral 1996 Forestry Law: logging concessions are regularised and given priority over TCOs Hunnisett (1996), Pacheco (2007)
reforms The opening up of a logging road destroys an important Tsimane’ petroglyph site Daillant (1997)
1999 National halt of the land titling process (including Tsimane’ Territory) due to land conflicts Martinez (2000)
2000 March for Lands, Territories and Natural Resources: claims to accelerate the titling process INRA (2005)
2005 Election of Evo Morales as the first indigenous Bolivian president Reyes-Garcia et al. (2014)
. 2006 Agrarian Reform Law: provisions for the acceleration of indigenous land titling Chumacero (2011)
zlil(ti(l)ieorrlzﬁzss 2007 National Development Plan with the goal of reducing social inequality in Bolivia Pacheco et al. (2010)
2005-2015 in the 2009 New Bolivian Constitution: more political rights and autonomy to indigenous peoples
Plurinational cos are reconverted to TIOCs (Indigenous Originary Peasant Territories)
Stat.e f)f 2010 Jorge Afies becomes the first Tsimane’ major of San Borja: enforcing local Tsimane’ governance Reyes-Garcia et al. (2014)
Bolivia - — - — 5
2015 The Tsimane’ land titling process is yet to be concluded (GCT aiming to recover logging

concessions)
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Logging has been one of the critical economic forces promoting drastic transformations in the
area inhabited by the Tsimane’. During the 1970’s logging firms moved into the Tsimane’
forests looking for precious woods, such as Swetenia macrophylla (mahogany), Cedrela
odorata (cedar), and Amburana seaerensis (0ak). The logging business has had ambiguous
effects on the Tsimane’. On the one hand, logging companies benefited Tsimane’ leaders by
paying a percentage of their profit to the Tsimane’ Council (see below), which allowed the
functioning of the organization until the end of 1990s, when the logging business declined.
On the other hand, these same companies were especially abusive with the Tsimane’ living in
formerly isolated forest communities, and even used violence to force them to work (Reyes-
Garcia 2001). Likewise, river traders and colonists were also abusive towards the Tsimane’.
In summary, Tsimane’ relations with outsiders since the beginning of the 20" century have
been increasing in intensity, but have often also resulted in conflict.

Missionaries from the Protestant New Tribes had a firm attitude against the abusive
system commonly practiced by the river traders and colonists. This brought the missionaries
into confrontation with ranchers, loggers, and other traditionally powerful groups in the
region, leading to the promotion and support of the founding of the Gran Consejo Tsimane’
(CGT) in 1989, the first political representative institution of the Tsimane’. The CGT also
fueled Tsimane’ political awakening. In the 1990s, Tsimane’ land rights were legally
recognized by a Supreme Decree that assigned them an area that was named the Tsimane’
Indigenous Territory. Later, the Tsimane’ and other lowland ethnic groups were also granted
land rights for other areas traditionally inhabited by them, such as the Pilon Lajas Biosphere
Reserve, the Multiethnic Indigenous Territory (TIM by its initials in Spanish), and the
Indigenous Territory and National Park Isiboro-Sécure (TIPNIS).

Anthropologists and researchers of different disciplines have also been working either
with Tsimane’ or in the Territory they inhabit since the end of the 1990s. Two major
international research projects have been doing long-term research with the Tsimane’: the
Tsimane’ Amazonian Panel Study (TAPS) and the Tsimane’ Health and Life History Project.
The TAPS research project ran between 2002-2010 and aimed to assess the effects of trade
and market exposure on well-being and on the use of natural resources. The Tsimane’ Health
and Life History Project is another, which has been working with the Tsimane’ since 2001,
and which seeks to understand the impacts of ecology and evolution on the shaping of the
human life course. Both research projects combine research with collaborative development
initiatives and medical attention, which have had some impact on Tsimane’ lifestyle. For
example, the TAPS project in collaboration with a local NGO (Centro Boliviano de
Investigacion y Desarrollo Socio Integral- CBIDSI), undertook participatory mapping of the
Tsimane’ Indigenous territory in which traditional forest uses were mapped (Reyes-Garcia et
al. 2012a). The maps resulting from this project have been used by Tsimane’ leaders to
support their claims to land titles. The Life History Project collaborates with the local
hospital in San Borja by providing Tsimane’ translators to help health professional to
communicate with monolingual Tsimane’and also provides full assistance to Tsimane’
people in emergencies, including the relocation to other hospitals in Bolivia in severe cases.
It is worth mentioning that Tsimane’ people sometimes do not understand researchers’
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interests in their daily life and feel exhausted by answering the
anthropologists have been asking for so many years.

weird” questions that

Other national and international non-governmental organisations (NGOs) have also
worked in the area on issues like conservation, productive projects, and health assistance.
Several NGOs have launched projects to promote the direct sale of thatch palm (jatata) by the
Tsimane’, with the aim of avoiding the unjust system of debt peonage in which they become
indebted to the traders who act as intermediaries for the commercialization of thatch palm
panes in the market towns, so the Tsimane’ could also receive higher economic benefits for
their thatch panes production. For example, while in 2013 a thatch palm pane was sold for up
to 15 bolivianos (2.19 US$) in Santa Cruz, the main city in Bolivian lowlands, the price in
the village barely reached 6 bolivianos (0.88 US$) (Fernandez-Llamazares et al. in press).
However, to date, all these projects have largely failed, partly due to the powerful thatch of
the thacht palm lobby in the local government (Rioja 1999). In recent years, some Tsimane’
individuals have also attempted to commercialize thatch palm panes on their own, but
nonetheless most continue to rely heavily on intermediaries who pay them poorly for their
work and sell the products in the market at much higher prices (Fernandez-Llamazares et al.
in press).

Conservationists also played an important role in the region in the late 1990s by
supporting indigenous peoples as allies in conservation, pushing the Bolivian government to
endorse the co-administration of protected areas which included the participation of
indigenous peoples (Bottazzi, 2008). In that sense, the establishment of areas in the Bolivian
lowlands for environmental protection with the dual status of indigenous territories and
protected areas helped the Tsimane’ to control the advancement of logging and colonization.
One example is the Tsimane’-Mosetene Indigenous Territory and Pilon-Lajas Biosphere
Reserve. The Tsimane’ have also been included as park rangers in the Beni Biological
Station. However while some consider the inclusion of indigenous peoples in the
management of protected areas to be a recognition of their rights, it could also be argued that
before such legislation indigenous peoples had the de facto total management of those
resources, which became partially controlled by the National Service of Protected Areas and
foreign NGOs after establishment of protected areas (Reyes-Garcia et al. 2014). In other
words, including indigenous peoples in the management of protected areas only partly gives
them their management roles back.

The election of Evo Morales as the first indigenous president of Bolivia (2005) and the
adoption of the new Constitution of the Plurinational State of Bolivia (2009), which includes
a rather complex notion of territorial autonomy for indigenous groups, renewed efforts to
address indigenous demands for self-governance and territory. This had some concrete
implications at a local level. Thus, in 2010, Jorge Afiez, the President of the GCT at that time,
was elected mayor of the town of San Borja, giving even stronger political influence to the
Tsimane’ at the local and regional levels and contributing to the defense of the Tsimane’
Territory against land-grabbers and settlers.
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3. Subsistence and economic activities

The majority of contemporary Tsimane’ are forager-horticulturalists who rely on farming,
fishing, hunting and the collection of wild edibles for subsistence. They also barter and sell
agricultural products, thatch palm and timber as primary sources of income. However, there
is a great deal of variation among individuals, households and communities in level of
engagement in subsistence activities versus cash-generating activities. The villages included
as empirical case studies in this dissertation are largely subsistence oriented.

Tsimane’ agricultural systems have been the focus of various studies (Piland 1991;
Huanca 1999; Vadez 2004) (see Figure 6.a seasonal calendar in chapter 6). Agriculture was
until recently practiced for subsistence, but in the last two decades it has also become
increasingly commercially oriented, since the selling of plantain and rice is one of the main
sources of income for many Tsimane’ households. Tsimane’ agriculture consists of cultivated
fallow plots, which are the source of staples and cash crops, and of homegardens. In
cultivated plots, Tsimane’ practice slash and burn agriculture. Previous research suggest that
the Tsimane’ maintain a rich agroecological diversity in their fields: among other crops, 30
cassava varieties, 10 plantain varieties, 8 maize varieties, and 13 rice varieties have been
documented (Piland 1991; Vadez and Fernandez-Llamazares 2014). Tsimane’ homegardens
have received scant attention in agricultural studies so far. In this thesis, I focus on
homegardens (chapter 4) as the source of medicinal plants, fruit trees, and other useful
species some of which provide dyes, fibres, and fish poisons. Minor crops and plants
typically grown in homegardens are important both because they can represent up to 11% of
the total value of food consumption in some Tsimane’ villages (Reyes-Garcia 2001), but also
because of their direct relation to other values, as a source of useful plants for treating
primary health complaints and for the conservation of genetic resources (e.g. seeds).

The Tsimane’ also raise domesticated animals such as pigs and chickens and occasionally
also ducks, goats, and cattle. Generally, the husbandry of animals is not particularly active;
animals are allowed to forage freely in and around the households and the villages. Domestic
animals are often consumed within the household, but they are also often sold or bartered
when Tsimane’ travel to town and are in need of cash. Cattle ranching is a very recent
activity for the Tsimane’ and considered to be a symbol of wealth, since it resembles the
practices of the cattle ranchers in the region.

Hunting is not just a major source of protein for the Tsimane’ but also an important
cultural practice (Chicchon 1992; Huanca 2006; Luz 2012). Hunting is practiced all year
round. However, Tsimane’ consider the best time for hunting to start in May, as at animals
are at their fattest at this time of the year. While commonly thought as an activity taken up by
men, it is not uncommon for women and children to hunt for small game using dogs and
machetes.

Fishing is also practiced all year round, with peaks during fish migration (April to May)
and in the dry season (August to November). Men, women and children regularly employ a
number of differing fishing techniques to catch a diversity of fish species. Fish provide the
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single most important source of protein for Tsimane’ households (Perez 2001; Zycherman
2013). A detailed account of fishing activities is provided in chapters 5 and 6.

The Tsimane’ rely upon forest resources for edibles, medicinal plants, fish poisons,
firewood, and construction materials, among others products (Reyes-Garcia 2001).
Seasonally available fruits are an important source of caloric intake, especially for children,
and are appreciated because of their sweet taste (Aiello 2013). Forest plants are also an
essential source of traditional medical resources, which are used to relieve headaches,
diarrhea, infertility and burns (see chapter 3 for a detailed account of medicinal plant use).
The Tsimane’ have been shown to have a great deal of ethnobotanical knowledge (Reyes-
Garcia et al. 2003). Having this knowledge seems to have positive effects on household’s
health profile. For example, the study by McDade et al. (2007) showed that as a mother’s
level of ethnobotanical knowledge is associated with better child health, arguably, because
caring work and healthcare is mostly a female responsibility.

Finally, the extraction of non-timber forest products, especially the thatch palm (Geonoma
deversa) harvesting, and logging are important sources of income in the villages studied. In
many households, the thatch palm trade is the primary source of income throughout the year
for women and men, and sometimes even for children (Martinez Cantero 2012). More
common than cash payment, a system of debt peonage is established between merchants who
visit Tsimane’ people living in remote villages, whereby consumer goods such as oil, soap,
fishing hooks and line, batteries, and medicines are purchased or bartered in exchange for
woven thatch palm panels (Martinez Cantero 2012). It is through the trading of thatch palm
that the Tsimane’ of these more isolated villages are principally involved in the market
economy. Logging is mostly a source of income for men, and sometimes for women who
work in logging camps as cooks. Tsimane’ people generally used to work for legal or illegal
loggers receiving wages or goods as payment. More recently, some Tsimane’ are also starting
to log by themselves through a credit-payment system with merchants in nearby towns, from
whom they buy chainsaws and pay back with timber. Through the period of this research, I
have observed how this is chaning the Tsimane’ way of organizing logging activities. Rather
than work as labor for non-Tsimane’ loggers, some men in the villages obtained loans to buy
chainsaws from merchants in the city. These Tsimane’ men subcontract other men in the
village to help them log. Most of these subcontracts are within the kinship network, i.e.
brothers or brothers-in-law, creating new relations of patronage within villages.

4. Social and cultural background

Estimated according to a general census recording people over 15 years of age who self-
identified as Tsimane’, the Tsimane’ number between 10,000 and 14,000 people. The
average population growth rate is high, about 4.2%, between 2001 and 2013 (Reyes-Garcia et
al. 2014; Undurraga et al. 2014).

Like other indigenous groups in Amazonia, Tsimane’ society is endogamic and unions
generally follow a cross-cousin Dravidian kinship system, where an individual may marry his
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or her mother’s brother’s daughter or son, or their father’s sister’s son or daughter (Daillant
2003). Although this is the culturally preferred union arrangement, some couples do not
follow this system and marry other people. This happens more commonly among Tsimane’
living in urban centers or in the periphery. However, it is still uncommon to go against the
cross-cousin system and people who transgress this norm are usually stigmatized. There is no
marriage ceremony and unions are defined by the cohabitation and relatively stable
relationship of a couple. There are no forced unions, and Tsimane” women can decide among

potential spouses (Daillant 2003). Post marital residence is generally matrilocal until the first
child is born.

The household is the main unit for production, consumption and social reproduction.
Tsimane’ preferably live in nuclear family dwellings in the vicinity of other kin households
of extended families within a village. Ringhofer (2010) describes Tsimane’ sociability as
follows:

To the outside observer, the everyday social world of the Tsimane’ seems to
strike a balance between periods of dispersed nuclear family living,
aggregation in extended family networks, and community life. Yet it is the
household that provides the heart of Tsimane’ sociability. Though providing for
a single unit, the household is strongly embedded in a larger social setting that
includes extended family networks as well as an attenuated network of friends,

neighbors and other actors constituting life in the community (Ringhofer
2010:75).

Ethnographic references depict the cultural importance of sobaqui, or visiting kindred
networks, including both temporary and frequent visits to family members living in the same
or neighboring villages and long-term visits to more distant relatives (Ellis 1996). Those
visits serve to maintain social relations as well as to establish new ones, as for example, when
an adult woman takes her family to visit her brother so the children can get to know their
cross-cousins, potential marriage partners (Reyes-Garcia 2012b). Social relations have been
suggested as a central and defining feature of wellbeing among the Tsimane’, constituting a
dense web of social support (Reyes-Garcia 2012b).

Gender relations are one of the central axes and driving forces of Tsimane’ social life and
division of labor. Ethnographers have describe how the complementary roles of women and
men are the means of nurturing appropriate and desirable sociality (Ellis 1996). Drawing on
the previous work of Overing (1984) and McCallum (1989) Ellis describes the function of
food and manioc beer production, distribution and consumption in creating differing forms of
sociality, based on sharing and reciprocity. In her view, neither men nor women among the
Tsimane’ are endowed with special recognition or position in their respective roles (Ellis
1996:137). She writes:

A consideration of Tsimane gender relations and the way in which they
organize relations of production and consumption and, in turn, create differing
forms of sociality leads to an understanding of gender equality amongst the
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Tsimanes. 1 aim to illustrate that although persons and their productive
activities are gendered, such a process in no way infers an associated hierarchy
of values. Neither male nor female work is perceived as lying at the periphery
or center of Tsimane social life. Both are essential for appropriate social living
and their intertwining complementarity is crucial as part of the processual
achievement of this (Ellis 1996:144).

Ellis allusion to the complementarity of women’s and men’s practices refers to the
procurement and distribution of food. Women and men have particular roles, but their
responsibilities are intricately connected. The provision of meat and fish is a male
responsibility which depends on hunting and fishing ability. Thus, men’s abilities condition
their role as food providers for the household, and also for sharing with the extended family.
The responsibility of females, in turn, is to distribute the meat, to prepare and cook the food,
and to produce manioc beer (shocdye).

Recent work on the changing value associated with food among the Tsimane’ suggests
that despite the fact that food procurement, production and distribution continue to moderate
gender roles and responsibilities, the methods of production are shifting as Tsimane’
livelihoods strategies are changing (Zycherman 2013). For example, the expansion of
plantain fields for cash has reduced the production of manioc, thus plantains have replaced
manioc as the key ingredient in shocdye. This change is significant in symbolic terms.
Among the Tsimane’ there has always been a special relationship between females and
manioc beer; women’s status depends on the quality and sweetness of the beer they produce,
which is associated to the quality of their saliva, which, in turn, is considered a gift from the
gods to women. In this sense, women had an essential role in the creation and maintenance
of social life (Riester 1976, Huanca 2006). Plantains, however, have different properties,
producing a sweet beer with no need to masticate the plantains during preparation. Therefore,
women cannot be valued for by their ability and quality of saliva for beer production. Men
are also spending less time hunting and more time in logging and agriculture. As a
consequence of these shifts, meat is nowadays mostly commonly bought, especially in the
villages closer to market towns. Thus, Tsimane’ women and men are able to adapt their
responsibilities and division of labor to the new circumstances (Zycherman 2013) and to
maintain their respective gender roles. According to Huanca (1999) the cultural need for this
complementary division of labor may be the reason why Tsimane’ widows are uncommon.
Tsimane’ men and women do not stay alone after their spouses die. A widow usually moves
to her sister’s house, while a widower may move in with his wife’s sister or another female
relative

Another defining social feature of the Tsimane’ stressed by Daillant (2003) is the idea that
there is non-hierarchical organization among the Tsimane’, in which only the cocojsi, due to
their healing powers and their ability to communicate with all kinds of natural spirits, would
have had a higher hierarchical standing within the larger social setting. Lack of hierarchical
organization does not mean, however, that there are no sources of status and prestige. Elders,
including women, were considered a source of knowledge for younger Tsimane’ and to the
present day have a higher social standing than younger members of the community. The
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respect individuals evoke is not static but changes within a person’s life cycle. Village
members who excel in one productive activity or another tend to enjoy an overall higher
social standing than others. Others are known for their sharp wit, astuteness or wisdom. All

these attributes equally infer a certain sense of social acceptance and status (Ringhofer 2010;
Aiello 2013).

Although formal leaders seem to have been largely absent in traditional Tsimane’ society -
with the exception of the cocojsi - today, some new forms of hierarchies associated with
leadership have started to appear. For example, the need to acquire legal title to land and to
relate to the wider Bolivian society pushed the Tsimane’ to elect community leaders, locally
called corregidores, who are usually young men who speak Spanish. The corregidores are
gaining more importance in local organization and thereby eroding the traditional leadership
of community elders (Reyes-Garcia et al. 2008). A good example of the recent social
stratification within the group is the Gran Consejo Tsimane’ whose board members are men,
with occasional women representatives in charge of the “gender” portfolio. Members of the
GCT, who were trained under the auspices of the New Tribes Mission, are nowadays a
socioeconomic elite. Generally they live in the urban center, having access to modern goods
and services which allow them to distinguish themselves from the rest of the Tsimane’
(Byron 2003). Likewise in villages with schools, teachers enjoy a privileged status and
authority over other village members, often based on their educational accomplishments,
their Spanish language abilities, and their secure source of income.

Reyes-Garcia et al. (2008) also suggest that in rapidly transforming rural societies,
political positions, such as those that some Tsimane’ hold, might begin to overshadow
cultural knowledge as a determinant of prestige, which is nowadays associated with formally
educated young men whose main social role is to represent Tsimane’ interest to outsiders.
Byron (2003) also points out that the new organization of power and wealth - corregidores
and GCT - almost always marginalizes women in village decision-making processes.
Women’s lack of formal education and competence in Spanish, as well as the mobility
required of representatives, keep Tsimane’ women outside political arenas (Melgar 2009;
Fernandez-Llamazares et al. 2014). Nonetheless, compared with other indigenous societies,

Tsimane’ women can be seen as ‘better off” because of their central role in village social life
(Melgar 2009).

Finally, although the Tsimane’ have been shown to be one of the societies least integrated
into the market economy (Henrich et al. 2010), the recent acceleration of this process seem to
be rapidly changing changing traditional values, as some studies have suggested (Reyes-
Garcia et al. 2008; Zycherman 2013).
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5. Mythology and cosmovision

Tsimane’ ways of interaction with nature and with each other are mostly dictated by strongly
embedded traditions based on their own cosmology and cosmogony, passed down from older
generations through oral tradition. Myths, rituals and taboos help to direct the interaction of
Tsimane’ people with their natural environment as they legitimise relationships and provide
regulatory rules for resource use, as well as for the cultural sphere of the forest and its use
(Ringhofer 2010). Traditionally, Tsimane’ spirituality was animistic, believing in spirits own
the river, the forest or animals (Riester 1976). Although there is a strong Christian influence
today, the belief in these ‘owners’ of nature is still apparent in a syncretice form, mostly in
the more isolated villages.

Cultural anthropologists have produced a rich body of literature on supernatural meanings
in Tsimane’ oral tradition (Riester 1976; Ellis 1996; Huanca 2006). Huanca (2006) describes
the 4 'mo or tree owners. For example, the Tsimane’ say that the owner of the tree called 7itij
(Ficus insipida) is a spirit who provides medicine. There are also animal masters who
regulate fish availability. I’dojore’ is a benevolent fish owner who provides fish to the
Tsimane’. For example, the upriver migration of fish is interpreted as a sign of I’dojore’
being at work. In contrast, O ’pito’ (rainbow) is a harmful owner who monopolizes fish
without sharing them, causing fear and distrust. O’pito’ can also make people sick,
specifically when people overfish and leave a lot of fish to die and rot, O pito’ gets furious
and bewitches people who pass nearby, causing them to fall sick.
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Abstract

Ethnomedicinal systems are key elements of social-ecological systems, providing culturally
appropriate and locally accessible health care options, especially for populations with scarce
access to biomedicine. The resilience of ethnomedicinal systems generally rests on two
pillars: high plant species diversity and a robust local knowledge system, both threatened by
local and global environmental change. To understand local knowledge systems’ adaptive
capacity to a changing environment, gendered knowledge must be addressed. In this paper,
we first present a conceptual framework to guide the assessment of diversity and redundancy
of knowledge in ethnomedicinal systems through a gender lens. Then, we partially examine
this framework with a case study of medicinal plant knowledge amongst lay Tsimane’ of
Bolivian Amazonia. Our results suggest that Tsimane’ medicinal plant knowledge is
gendered and that the frequency of reported ailments and the redundancy of knowledge used
to treat them are positively associated. We discuss the implications of knowledge diversity
and redundancy within a local knowledge system for resilience, adaptive capacity, and health
sovereignty.

Keywords

Ethnomedicine; gendered knowledge; global environmental change; intracultural knowledge
variation; knowledge diversity; Tsimane’.
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1. Introduction

Ethnomedicinal systems, which generally rely on high species diversity and local knowledge,
are critical to the resilience and adaptive capacity of many indigenous peoples and rural
communities. Resilience refers to “the capacity of a social-ecological system to absorb
recurrent disturbances so as to retain essential structures, processes and feedbacks™ (Adger et
al. 2005:1036), whereas adaptive capacity refers to “the preconditions necessary to enable
adaptation, including social and physical elements, and the ability to mobilize these
elements” (Nelson et al. 2007:397). Ethnomedicinal systems are key elements to many
indigenous and rural social-ecological systems, as they provide locally accessible, culturally
appropriate, and economically affordable health care options, especially for populations with
scarce access to biomedicine. High species diversity is a pillar of a resilient ethnomedicinal
system, as it provides a wide spectrum of chemical components that can be applied to a wide
range of illnesses and to a diversity of people (e.g. infants, elderly, pregnant women). High
species diversity also permits functional redundancy, which is considered as a key attribute of
resilient social-ecological systems, since more than one species can be used for a given
illness, so that, if a particular species becomes unavailable, others may be a substitute
(Kassam et al. 2010). Local knowledge systems constitute the other pillar of ethnomedicinal
systems and are complex and dynamic; people’s ability to generate, transform, accommodate,
transmit and apply local knowledge in an integrative fashion is critical to the resilience of
such systems (Ellen et al. 2005; Mathez-Stiefel et al. 2012).

Local knowledge is socially acquired through intergenerational transmission and through
peers of similar ages (Cavalli-Sforza and Feldman1981) when people engage with one
another and with their biophysical environments (Lauer and Aswani, 2009). Consequently,
local knowledge cannot be evenly distributed. Diversity of knowledge partly arises from
specialization: for example, shamans, herbalists, and midwives hold different bodies of
knowledge, which also differs from lay knowledge. Knowledge varies, for example,
according to people’s differential access to species and to the related knowledge about these
species, to their care giving and healing responsibilities, their interests in medicinal plants
and healing, and the health concerns of the people they treat. Knowledge diversity also
originates from the division of specific tasks and responsibilities socially attributed to
different social groups. Researchers who study intracultural knowledge distribution and
transmission, know that gender relations - the socially constructed and culturally learned
behaviors ascribed to women and men within a particular culture — are highly significant
(e.g., Rocheleau et al. 1996; Pfeiffer and Butz 2005). Researchers have also argued that
gendered knowledge -or that which is held by women or men but not by both - is context-
specific and depends not only on the gender division of labor and use of space, but as well is
embedded in cosmologies, beliefs, and norms about appropriate behaviors and the social
power accorded to each sex (Howard 2003). It is as complex as the relations produced by the
intersection of gender and environment with other racial, ethnic, caste, and class divisions
(Banerjee and Bell 2007; Carr 2008).
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Attention to gendered knowledge is also required to understand how global environmental
change (GEC) affects ethnomedicinal systems. Ethnomedicinal systems are
particularly vulnerable to the impacts of GEC, as changes in the vegetation and floristic
composition may directly influence the availability and use of medicinal plants (Hanazaki et
al. 2013). Changes in the social-ecological context lead to adaptive and maladaptive changes
in ethnomedicinal systems (Byg et al. 2010; Giovannini et al. 2011). Recognizing the
gendered nature of knowledge provides better insights into local adaptation GEC and, since
the challenges and vulnerabilities posed by GEC are not gender-neutral, specific attention
must be given to impacts on women’s knowledge and access to plant resources.

The aim of this paper is twofold. We first present a conceptual framework to assess
diversity and redundancy of knowledge within ethnomedicinal knowledge systems. Then, we
partially assess how this framework operates in a particular empirical situation using a case
study of medicinal plant knowledge amongst lay Tsimane’ of the Bolivian Amazonia.

1.1 Does knowledge diversity contribute to the resilience of knowledge
system?”

While researchers have long realized that knowledge is unequally distributed within
communities and that there are patterns to this knowledge distribution, they have rarely
discussed the implications of knowledge diversity, or the differences in the knowledge held
by different people, for adaptive capacity and for knowledge systems resilience. Only
recently, some have argued that differentiated knowledge may be an asset for adaptation to
changing social and ecological conditions. Ruelle and Kassam (2010) studied plant
knowledge among Standing Rock Nation elders in the United States, and found that elders
hold knowledge about different plants and also different knowledge about the same plants.
Differences are linked in part to variations in species’ use and spatial distribution, and
harvesting strategies. Knowledge diversity allows the knowledge system to store