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Title: Unraveling the weaves of the fiber: Emergent features in the Traditional Knowledge of an 

Amazonian palm. 

 

Abstract: Governing common pool resources leads to complex social and ecological struggles. Despite 

that scenario, decision makers, and scientific literature have oriented towards co-governance and 

adaptive arrangements. They are promising in their goals of shared power among stakeholders but are 

not specific in defining processes of knowledge integration. In contexts that involve traditional societies, 

a way to overcome those limitations could be “bridging” Scientific Knowledge with Traditional 

Knowledge. Even though, bridging knowledge requires approaches that inquire the dynamic character 

and local heterogeneity of Traditional Knowledge. A co-governance scenario where the challenges of 

adaptive arrangements and bridging knowledge converge, occurs in the traditional use of the common 

pool resource and palm tree Astrocaryum chambira in Amacayacu National Park (Colombian Amazon). 

In this scenario, our aim was to explore how key features for adaptive arrangements emerge from A. 

chambira Traditional Knowledge to understand limitations and opportunities to bridge knowledge. We 

applied a complementary approach through Social Network Analysis and Participatory Tools to assess 

Traditional Knowledge about management and institutions.  Our approach showed that A. chambira 

Traditional Knowledge displays emerging features of complex-adaptive-systems. Trust exhibits network 

and institutional limitations caused by government reconfigurations in the traditional society. Despite 

this, the emergence of social memory and learning display flexibility in the social network and traditional 

institutions. Redundancy manifests through overlapping actor positions and rules. Heterogeneity 

provides conflictive views that navigate change and are strongly influenced by age and gender. 

Adaptive capacity appears to be fostered by brokers open to external institutional perspectives and 

innovation. In this sense, women actors were found in strategic network positions for bridging 

knowledge. Our findings show that local Traditional Knowledge can be highly dynamic and 

heterogeneous, creating limitations and opportunities of bridging knowledge towards adaptive 

arrangements in common pool resource governance. 

 

Keywords: Traditional Ecological Knowledge, Common Pool Resources, Adaptive Management, 

Adaptive Co-Management, Adaptive Governance, Non Timber forest products, Astrocaryum chambira, 

Amazon, Social Network Analysis. 
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INTRODUCTION 

Governing Common Pool Resources (CPR) leads to a struggle that requires mechanisms to manage 

constrained biophysical resources, as well as conflicting social relations (Dietz, Ostrom, and Stern 

2003). In the case of users, this struggle creates a cooperation dilemma because individuals need to 

cede short-term extraction benefits in exchange for social and material benefits in the long term 

(Castillo and Saysel 2005; Cardenas 2000).  Including a diverse set of stakeholders creates an even 

more complex scenario that brings together diverse values, institutions, and ways of knowing the 

commons operating at different scales (Orozco-Quintero and Davidson-Hunt 2010; Rathwell, Armitage, 

and Berkes 2015). Despite this scenario, decision makers have oriented around the globe towards 

collaborative governance (hereafter, co-governance) schemes of Commons under the pressure of 

different actors including indigenous communities. In forest commons, for example, co-governance with 

indigenous communities has provided some evidence of conservation and sustainable use (Agrawal 

2007). 

 

In the context described above, scientific literature proposes a broad but overlapping spectrum of 

adaptive arrangements towards the co-governance of natural resources including the commons. That 

includes Adaptive Management, Adaptive Co-management, and Adaptive Governance (Bruckmeier 

2016). Those adaptive arrangements share the awareness for uncertainty and surprise of social-

ecological ecosystems and the need for adaptability through learning-by-doing processes that create 

flexible institutions (Folke et al. 2005). Besides, there is a recognition that different features among 

stakeholders can create favorable conditions for adaptive arrangements (Plummer 2009; Plummer et 

al. 2012).  For example, Bodin et al. (2006) suggest social memory, trust, learning, redundancy, 

heterogeneity, and adaptive capacity.  At the same time, adaptive arrangements exhibit different levels 

and scales of collaboration among stakeholders.  Adaptive Management centers on resource managers 

and policy makers (Carlsson and Berkes 2005), Adaptive Co-management involves shared 

responsibilities through community-based multi-scaled associations between public and private actors; 

also formal and informal institutions involved (Berkes 2009). Like Adaptive Co-management, Adaptive 

governance depends on social networks for collaboration but encompasses a broader range of actors 

and multiple scales; it amplifies the spectrum of collective action networking leadership and nested 

institutions to create innovation and flexibility (Folke et al. 2005; Allen et al. 2011).  
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However, co-governance through adaptive arrangements is not a fixed process. It develops differently 

according to specific social, economic, and political contexts (Borrini-Feyerabend et al. 2004). In 

consequence, adaptive arrangements goals of shared power between different actors, institution 

building through mutual feedback, and social capital construction face limitations (Berkes 2007; Berkes 

2009). Natcher et al. (2005) point that research is vague in understanding values and beliefs of local 

actors regarding social and ecological relationships. Co-governance that replaced community-based 

management can reduce users’ participation and rule compliance (Nayak and Berkes 2008). 

Additionally, Nadasdy (2003) argues that power asymmetries between the state and traditional 

communities end up to center decision making around scientific knowledge and bureaucrats. In this 

sense, Bruckmeier (2016) highlights that adaptive arrangements are not specific in defining processes 

of knowledge transfer and integration between scientists and practitioners and other forms of 

knowledge. 

 

A way to overcome the limitations of adaptive arrangements could be recognizing the need to put into 

dialogue or “bridge” Scientific Knowledge with different knowledge systems (Ericksen and Woodley 

2005; Rathwell, Armitage, and Berkes 2015; Weiss, Hamann, and Marsh 2013) (Figure 1). Bridging 

Knowledge occurs as a continuous process of negotiation and mutual learning for decision making 

(Carlsson and Berkes 2005). It maintains the identities of knowledge sources involved in particular 

arrangements (Derek Armitage et al. 2011; Tengö et al. 2014). That process can promote equity, 

efficiency in decision making, and robustness in natural resource management (Houde 2007). 

 

Figure 1. Processes related to governing common pool resources in the context of traditional 

societies.  
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Traditional Ecological Knowledge (hereafter, Traditional Knowledge) provides a useful conceptual 

framework for bridging knowledge in adaptive arrangements with traditional societies (Agrawal 1995; 

Berkes, Colding, and Folke 2000; Bohensky and Maru 2011). It groups non-scientific forms of 

knowledge, which are built through multiple generations and adaptations of traditional societies in 

ecosystems (Berkes, 2008; Berkes, Colding, & Folke, 2003; Stevenson, 1996). While sometimes 

Traditional Knowledge can be non-adaptive (Berkes, Colding, & Folke, 2000; Gadgil & Berkes, 1991), 

different case studies also show that it contributes to ecological sustainability through detailed 

knowledge about social-ecological relations (Gadgil, Berkes, and Folke 1993; Houde 2007; Klooster 

2000; Ramakrishnan 2007). Some suggest that community-based institutions that permeate Traditional 

Knowledge could enhance resilience in natural resource management and governance (Ruiz-Mallen 

and Corbera 2013). In this regard, Traditional Knowledge can signify a recognition of traditional 

communities power and responsibility (Berkes, Colding, and Folke 2000; Huntington 2000). However, a 

historical context dominated by Scientific Knowledge that frequently sees Traditional Knowledge as 

static and archaic (Usher 2000) appears related to asymmetrical power between scientists and 

practitioners with traditional communities (Stevenson 1996). That could be causing gaps in 

understanding Traditional Knowledge’s complexities (Bohensky and Maru 2011; Ruiz-Mallen and 

Corbera 2013). For instance, one gap refers to address Traditional Knowledge heterogeneity within 

traditional communities (Reyes-García et al. 2014). Another gap involves approaching Traditional 

Knowledge as complex and adaptive (Berkes, Colding, and Folke 2000).  

 

Briggs (2005) highlights that Traditional Knowledge changing character in local communities has been 

poorly addressed, assuming that it is even, pristine, and static. This view implies that Traditional 

Knowledge is homogenous in specific geographic and ethnic conditions. Also ignores power relations 

that take place between actors of different gender, livelihood, age, and level of cultural change within 

community’s boundaries (Nadasdy 1999; Leach, Mearns, and Scoones 1999); creating limitations in 

approaching Traditional Knowledge complexity around local heterogeneity. 

 

Complementarity of Traditional Knowledge and Scientific Knowledge has been a reason for debate 

because of their deep differences, despite the possibilities of creating common goals around ecological 

sustainability (Gadgil, Berkes, and Folke 1993; Agrawal 1995; Weiss, Hamann, and Marsh 2013). For 

example, concerning to ecosystem management, Traditional Knowledge reflects social memory, 

acknowledging wider temporal scales of resource dynamics. Scientific Knowledge instead, is more 

efficient in perceiving resources at wider geographical scales (Moller et al. 2004). On the one hand, 
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Scientific Knowledge is usually based on methods that generate multiple quantitative regulations on 

resources. On the other hand, Traditional Knowledge is founded in a learning-by-doing process that 

copes with complexity through few complementary/redundant (see Low et al. 2002) operational rules 

(Moller et al. 2009; Berkes 2008). Thus, Scientific Knowledge monitors and regulates resources from 

the distance, whereas Traditional Knowledge is community-based, involving local relations and trust 

among resource users (Turnbull 1997). These potential complementarities of Traditional Knowledge 

and Scientific Knowledge confer an adaptive capacity (Ruiz-Mallen and Corbera 2013). Scientific 

Knowledge offers a regional and global perspective. Traditional Knowledge provides a deeper 

perspective on local dynamics immersed in specific social, institutional and cultural contexts (Becker & 

Ghimire, 2003).  

 

The gaps mentioned above represent a methodological challenge to realize the heterogeneous and 

dynamic character of local Traditional Knowledge. Closing those gaps will bring near Traditional 

Knowledge and Scientific Knowledge as dynamic and complementary ways to understand nature 

(Aikenhead and Ogawa 2007; M. Davis 2006). Therefore, It will contribute to context-based 

understandings for scientists and practitioners to generate more feasible opportunities for bridging 

knowledge in adaptive arrangements for the Commons. Two approaches could address Traditional 

Knowledge in that sense.  

 

First, Social Network Analysis, which implies to consider commons users as interacting actors in which 

information, knowledge, and rule’s perspectives flow around Traditional Knowledge (Bodin & Prell, 

2011; Díaz-Reviriego et al., 2016). This viewpoint recognizes that resource users within a group do not 

have evenly distributed knowledge, information, and perspectives on ecosystems and resources. It 

shows that resource users are diverse, highly influenced by interaction patterns and institutions in 

multiple scales (Crona and Bodin 2006; Mannetti et al. 2015).   

 

Second, characterizing frameworks of Traditional Knowledge could contribute to a dynamic perspective 

despite that they do not always emphasize on the same qualities or can be contradictory (A. Davis and 

Ruddle 2010). Berkes (2008) proposes a knowledge-practice-believe hierarchical framework that 

represents Traditional Knowledge in four levels: first, factual or empirical ecological knowledge; second, 

management systems; third, social institutions (as rules in use); and fourth, a world view that embeds 

and shapes the others. In this framework feedbacks between levels are not obvious, and distinctions 

between levels could be diffuse (Berkes, Colding, and Folke 2000). Nonetheless, unlike other 
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frameworks (e.g., Houde, 2007), it allows an explicit relation with multi-layered institutional views (e.g., 

Kiser & Ostrom, 2000). That is useful in bridging Traditional Knowledge and Scientific Knowledge 

through complementarities, identifying potential institutional arrangements (Carlsson and Berkes 2005; 

Berkes 2004).  

 

In summary, the evidence suggests that bridging knowledges such as Traditional Knowledge and 

Scientific Knowledge in adaptive arrangements requires inquiring the heterogeneous and dynamic 

character of the first. If Traditional Knowledge establishes in specific social contexts through agents, 

practices, and institutions (Cornell et al. 2013); creates a coherent but changing system of explanations 

from a great variety of elements (M. Davis 2006); it can be interpreted as a complex-adaptive 

knowledge system (Turner and Berkes 2006; Tengö et al. 2014). Accordingly, it is possible to assume 

that key features can emerge from it (Low et al. 2002). We showed that social memory, trust, learning, 

redundancy, heterogeneity, and adaptive capacity emerge from Traditional Knowledge. Simultaneously 

they represent key features for successful adaptive arrangements. Therefore, this features can serve 

as a framework to explore Traditional Knowledge through social networks and embedded institutions. 

That could elucidate bridging knowledge potential in adaptive arrangements for the co-governance of 

the commons. 

 

A local scenario in which the previous dilemmas, complexities, and challenges converge, develops in 

the traditional use and management of the palm tree Astrocaryum chambira Burrett (Chambira or 

Cumare) in the indigenous community of San Martín de Amacayacu (Amazonas, Colombia) (Figure 2). 

As elsewhere in the northwestern Amazon, resource users obtain fibers from the spear leaves of this 

palm for handcrafts, representing a source of income (Vormisto 2002). Extraction occurs in secondary 

and primary forests usually of collective property (Balslev and Jensen 1995; Coomes 2004) . This 

extraction setting implies that the exploitation by one user reduces the availability to others, while 

property rights, in this case, make the physical and institutional exclusion of local resource users costly.  

For those reasons, A. chambira can be considered a common pool resource (Ostrom et al. 1999; 

Ostrom 2007). 

 

The origin of San Martín de Amacayacu dates back to the disintegration of two Tikuna communal halls 

(malokas), starting in 1966 but finishing during the 1970s. Convinced by the Catholic Church and the 

government, people relocated to a village with education and healthcare access causing a process of 

social and cultural transformation (Oyuela and Vieco 1999; Ullán de La Rosa 2002). In 1975, with the 
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establishment of Amacayacu National Park, an overlapping zone was created between their reservation 

(Resguardo Indígena) and the Park. Since 1999 this condition is subject to the Social Participation 

Policy for Conservation (“Política de Participación Social para la conservación”) that proposes a co-

governance model. It aims the empowerment of local actors involved in management and conservation 

in National Parks (Duran 2009).  This policy partially formalizes through a co-management legal 

arrangement called Special Management Regime (“Régimen Especial de Manejo”) (Ochoa-Fonseca, 

James, and Márquez 2013). The arrangement has been nationally established to promote conservation 

and sustainable livelihoods agreements based on local traditions, between communities and national 

park authorities (Laborde 2007; Borrini-Feyerabend et al. 2013). We chose this co-governance scenario 

because stakeholders have performed mutual learning processes. Also, have informally incorporated 

Adaptive Arrangements mobilizing social relations at different scales to respond to social-ecological 

dynamics and crises (Ungar and Strand 2012).  Even though, formal and specific arrangements that 

bridge knowledge for valuable species and commons like A. chambira are still in process (Ungar and 

Strand 2012).  

 

Our aim in this article was to explore how key features for adaptive arrangements emerge from 

Astrocaryum chambira Traditional Knowledge to identify limitations and opportunities to bridge 

knowledge in the co-governance scenario we described. More specifically, we propose to study these 

features through a complementary analytical framework. Quantitatively on one side, analyzing 

traditional resource users’ social network, whose structure involve information, knowledge, institutional 

arrangements, and exhibit key actors (Bodin et al., 2006; Crona & Bodin, 2006). Qualitatively through 

participatory tools on the other side, we assess Traditional Knowledge levels through key actors, 

focusing on management practices and local institutions (Berkes 2008; Berkes, Colding, and Folke 

2000). We expect that this approach close gaps in bridging knowledge through adaptive arrangements 

in the co-governance of common pool resources. Our article is organized into four sections. First, we 

introduce a literature review to support our analytical framework. Second, we explain data collection 

and analysis tools. Third, we apply our analytical framework to explore key features of chambira 

Traditional Knowledge. In the end, we discuss some implications of our findings. 
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LITERATURE REVIEW 

Carlsson and Berkes (2005) suggest an implicit relation between Traditional Knowledge social 

institutions with co-governance that could be useful in bridging knowledge. The underlying notion is that 

all natural resource management settings belong to a broader institutional context (Kiser and Ostrom 

2000). This institutional framework incorporates three levels of rules. On the lowest level, operational 

rules refer to daily regulations in the intensity of harvesting and extraction methods. This level could 

relate to rules applied in resource management systems, defined as “rules of thumb” (Berkes 2008; 

Moller et al. 2004). The medium level corresponds to collective choice rules that circumscribe resource 

users participation mechanisms which define operational rules. On the highest level, constitutional 

rules, determine the access and use of resources. Collective choice rules and constitutional rules could 

be interpreted as the institutions that shape management systems (Berkes 2008), and hence, 

operational rules. 

 

Institutions including the ones that permeate Traditional Knowledge are manifestations of social capital 

(Adger 2003). As we mentioned above, this corresponds to a perspective of social-ecological relations 

structured not only by resources, individuals, and rules but also polycentric communication networks 

(Folke et al. 2005). These networks provide a structure that can uncover processes that promote or 

interfere with the governance of the commons (Sandström and Carlsson 2008). Network-level metrics 

including centrality, density, and betweenness, can reveal general bonding patterns among actors, that 

influence information, knowledge exchange, and rule compliance (Prell, Reed, and Hubacek 2011; 

Sandström 2011). Subgroup metrics show bridging ties and intergroup communication that allows 

identifying potential differing views around natural resources (Sandström and Rova 2010; Crona and 

Bodin 2010). Actor-level metrics can contribute to determining key actors concerning leadership, 

innovation, and brokerage at different scales (Barnes-Mauthe et al. 2013; Bodin and Crona 2008; 

Mannetti et al. 2015). 
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Figure 2. Map of the study area. San Martin de Amacayacu community is located in the 
southeastern Colombian Amazon.  The indigenous reserve of this community overlaps with 
Amacayacu National Park and corresponds to the gray area indicated in the inset of the top 
right corner. Former communal halls (Malokas) are shown in the riversides of Amacayacu River, 
a tributary of the Amazon River. 
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Up to this point, Traditional Knowledge in common pool resource governance can be understood 

across informal institutions that operate at different levels. They are dynamic, and hence subject to 

change by reconfigurations in social capital. That is to say, possible to assess through a network 

approach. Seeing adaptive arrangements focus on problem-solving and are task-oriented (Carlsson 

and Berkes 2005), Traditional Knowledge institutions could be explored through emergent features that 

can potentially influence decision making through bridging knowledge (Table 1, Figure 3). Our 

interpretation of exploring those emergent features based on the literature is described below. 

 

First, we propose to analyze Social Memory, Learning, and Trust, at a community level, because they 

encompass social processes of self-organization beyond individuals or subgroups. Social memory 

captures processes in which successful adaptation experiences are updated to deal with new changes 

for collective decision making (Armitage et al., 2009; Barthel, Folke, & Colding, 2010; Bodin et al., 

2006; Folke et al., 2005; Olsson et al., 2004). Learning comprises processes of knowledge acquirement 

and sense-making through the creation of common understandings around management (Armitage et 

al. 2009; Olsson, Folke, and Berkes 2004). Trust creates a predictable social life, sense of community, 

and promotes collaboration and rule compliance among resource users (Folke et al., 2005; Olsson, 

Folke, & Berkes, 2004). As social memory and learning, trust needs to involve the entire community to 

be effective. Based on these assumptions, we propose to analyze the emergence of these features at a 

community level in which Traditional Knowledge institutions are framed through rules for access and 

participation in resource systems (i.e., constitutional and collective choice rules). Furthermore, it is the 

level where rule compliance becomes effective. 

 

Second, we argue for engaging redundancy and heterogeneity at the subgroup level in which 

complimentary and differing views about management systems and operational rules emerge. 

Redundancy takes action as a source of replacement of lost functions in the short term (Low et al. 

2002). It provides buffering capacity when actors abandon the network, and others can replace their 

positions to continue management functions (Bodin et al., 2006). We relate this to actor’s capacity to 

support overlapping institutions that create multiple and flexible rules that avoid rigid and single 

strategies (Gunderson 2000). Heterogeneity supplies adaptive responses for the long term. It emerges 

from diverse actors immersed in separate groups that contribute to differing knowledge and create 

different sources of interpretation; subsequently increasing the innovation capacity of natural resource 

management in the future (Low et al. 2002; Folke et al. 2005). 
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On the third place, we propose to tackle adaptive capacity focusing on individual and subgroup traits. 

Adaptive capacity involves social processes in multi-scaled governance that enhance flexibility and 

innovation to cope with changing conditions and complex issues (Armitage et al., 2009; Bodin et al., 

2006; Olsson et al., 2004). These social processes require brokers. They are actors with personal traits 

that generate new ideas deriving from bridging ties that connect actors at different levels and multiple 

centers of social networks (Barnes-Mauthe et al. 2013; Sandström and Rova 2010). From an 

institutional view, we interpret this as bringing external rules that could increase adaptive capacity 

(Finka and Kluvánková 2015). It emerges from the individual level but becomes effective at the 

subgroup and network-community level in which decision making, conflict resolution, and collective 

action can occur (Carlsson and Berkes 2005; Crona and Bodin 2011). In synthesis, we advocate based 

on the literature for a nested framework in which emergent features could be evident at one level but 

influence others. For example, while adaptive capacity is evident at the individual level, could end up 

influencing redundancy and heterogeneity at the subgroup level. In the same way, redundancy and 

heterogeneity would have repercussions in learning, trust, and social memory at the community level. 

 

METHODS 

 

Phase 1: Community agreement 

According to the complementary approach framework above, data collection was made in three phases 

between March and October of 2015. On the first phase, the democratically elected leader of the 

community (Curaca) was asked to summon a community meeting with park authorities’ participation, in 

which we exposed the aims of the study. The community accepted to participate through a formal 

arrangement endorsed by National Natural Parks and the Ministry of Interior. The second phase 

consisted of gathering Social Network data, and the third phase consisted of chambira Traditional 

Knowledge management and institutional assessment. 
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Table 1.  Emergent key features of Traditional Knowledge and their relations to social networks 
and levels of Traditional Knowledge. 
 

 
 
 
 
  
 
 
 
 



	
	

14	

 
Figure 3. The figure illustrates the relation of emergent features of Traditional Knowledge with 
social network analysis and institutions at different levels of analysis.  
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Phase 2: Social Networks 

Social Networks Data Collection 

During the second phase to obtain social network data, we defined the target population through a 

census that showed a total of 84 households. Based on this census, we performed personal interviews 

through questionnaires (Table 2) with the assistance of a local translator (especially for elders who 

have had less contact with Spanish), to heads of 67 households. They represented 80% of the target 

population. Collected data included descriptive information and social network data about two types of 

social ties among household heads. First, social support (trust and cooperation); and second, 

Traditional Knowledge exchange (extraction, use, management rules and conservation of A. 

chambira). To obtain these relations we used a recall method (Scott and Carrington 2011) in which 

respondents were asked to list important people in support and Traditional Knowledge categories.  

 

 

Table 2. Questions applied to head household respondents for Social Network data collection.  

 
 

 

Question 
Number Question Type of social network data

1 What is your age? Descriptive
2 What is your gender? Descriptive
3 What is your civil status? Descriptive
4 Where were you born? Descriptive

5 Do you identify yourself as indigenous? If yes, name 
your ethnic group and tribal clan. Descriptive

6 What occupation devotes you more time during the Descriptive

7 With whom do you discuss important matters, trust, or 
have established a cooperative relation? Social Support

8
With whom do you exchange useful/important 
information related to the availability and extraction of 
chambira palm trees.

Traditional Knowledge 
exchange

9
With whom do you exchange useful/important 
information related to management, rules, or 
conservation of chambira palm trees.

Traditional Knowledge 
exchange
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Social Networks Analysis 

At the end of the second phase, social data was analyzed through an adjacency matrix using UCINET 

6 suite (Borgatti, Everett, and Freeman 2002). To visualize social networks we used the Netdraw tool 

(Borgatti, Everett, and Freeman 2002). The analysis was executed using simultaneously social support 

data and Traditional Knowledge exchange at the Community level, subgroup level, and actor level, 

using different metrics concerning key features of adaptive arrangements (Figure 2). Community level 

metrics corresponded to density, average degree centrality, and average betweenness (Scott and 

Carrington 2011). At the subgroup level, we inquired about network’s modularity under different 

descriptive categories to explain heterogeneity and redundancy among actors. Modularity was 

measured with the E-I index (Krackhardt and Stern 1988), as implemented in UCINET, and applied to 

subgroup categories described in Table 3. This index is a calculation of the number of external ties 

minus the number of internal ties within group categories, divided by the total ties of the network. The 

final number ranges between -1 and 1. If the index results in a negative value, it indicates that groups 

tend to have more internal ties and hence high modularity, while positive values are produced by more 

external than internal ties, indicating lower modularity within groups. After these calculations, the 

software performed a statistical test based on 1,000 random label permutations to evaluate if the 

proportion of group ties were different from the ones expected by chance.  

 

At the individual level, we assessed brokerage to explore bridging ties concerning adaptive capacity 

(Ernstson et al. 2010). For this, we applied the Gould-Fernandez Brokerage analysis (Gould and 

Fernandez 1989), as implemented in UCINET, to examine the way nodes connected different 

groups/categories regarding coordinators, consultants, representatives and liaisons (Borgatti, Everett, 

and Freeman 2002; Hanneman and Riddle 2011). With the purpose of identifying influential actors, we 

analyzed node centrality metrics. Following Bodin and Crona (2008), we obtained scores from top 20 

nodes in degree, eigenvector centrality, and betweenness. After assigning ranking scores of 20 to the 

first place and 1 to the last place, we added up these scores for all three node-centrality metrics. Key 

actors were the ones with the highest-ranking scores and were invited to participate during the third 

phase.     
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Table 3. Subgroups and their categories for E-I Index analysis. 

 
 

Phase 3: Chambira Traditional Knowledge 

During the third phase, we conducted focus groups and semi-structured interviews with key actors 

identified in the second phase (Denzin and Lincoln 2005). Both tools assesed chambira Traditional 

Knowledge and its levels (Berkes 2008). More specifically, we assessed ecology and management 

systems with a particular focus towards rules (Gadgil, Berkes, and Folke 1993) and included key actors 

of different ages, gender, and occupations.  

 

Each focus group consisted of a two-steps workshop. The first step consisted on an ecological calendar 

that created a conceptual framework for the second step, a rule matrix. The aim of the ecological 

calendars was to assess chambira ecology and management systems. In this sense, we explored main 

trends in social-ecological interactions in the river, forests, and crops throughout the year (Andoque and 

Castro 2012; O’Connor and Prober 2010). In the first step, participants defined rain levels throughout 

the year assigning a score of 5 points to the highest rain intensities and 1 to the lowest. Next, we used 

generating questions to assess the state of the river, forest, and chagras for each month of the year. 

These questions served as the basis to discuss chambira phenology and extraction temporality in 

which participants scored as in rain levels, flower, fruit, and extraction intensity (Neto et al. 2013). The 

rule matrices had the goal to examine management practices and institutions (Maya-Velez 2012). For 

that, participants described past or present rules related to chambira management and conservation, 

classifying rules as internal (part of Traditional Knowledge), or external. They also identified responsible 

Occupation Tribal Clan
Community 
Relation Age1 Age2 Gender Type

 Political Leader Paujil Indigenous 
Local 25-34 <55 Man Private

Teacher Cascabel Indigenous 
Regional 35-54 >= 55 Woman Public

Tourist Operator Garza Settler 55<0 Other Other Other
Timber and Non 
timber products Tigre Pubic-State Other

Handrafting Paucara NGO
Goods Commerce Arriera Scientific
Settler Tucán
Regional Indigenous Non Tikuna
Pubic-State Settler
NGO Other
Scientific

Subgroup 
Categories
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actors of rule enforcement, consequences for breaking those rules, and level of rule compliance 

assigning scores from 1 to 5, where 5 meant the highest score.   

RESULTS 

Traditional Knowledge Network  

Network Level  

Based on the pre-interview census and household heads interviews we identified 107 nodes. Except for 

three isolated nodes, all were directly tied throughout social support (trust and cooperation) and/or 

chambira knowledge exchange (extraction, use, management rules and conservation). Network-level 

metrics indicated that nodes had an average of 4.45 ties. Density (5,7%), network degree-centrality 

(12%), and average betweenness (1%) displayed low values (Figure 4, Figure 5).   

 

Figure 4.  Map of Cooperation and Traditional Ecological Network cited by Inhabitants of the 

Tikuna community of San Martín de Amacayacu colored by community relation. Squares 

correspond to men, circles to women, and diamonds to undefined actors. Local indigenous 

actors are indicated in green, regional indigenous actors in orange, settlers in black, state 

actors in white, palm researchers in red, and an NGO in blue. 
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Figure 5. Map of Cooperation and Traditional Ecological Network cited by Inhabitants of the 

Tikuna community of San Martín de Amacayacu colored by age ranges. Squares correspond to 

men, circles to women, and diamonds to undefined actors. Actors older than 55 are represented 

in gray, actors younger than/or 55 in blue, and actors with undefined age in white.  

 
 

Subgroup Level 

Results of the E-I index analysis (Table 4) showed that Age1 and Occupation categories did not display 

statistically significant modularity patterns. The Age2 category separated nodes between the ones that 

were born before and during/after the village foundation (Figure 5). It showed small, but statistically 

significant levels of modularity for both groups. The community relation category showed statistically 

significant levels of modularity. It classified nodes by local indigenous, regional indigenous, settler, 

state, NGO, and scientific. This analysis revealed that local indigenous nodes made a highly cohesive 

group (Figure 3). Other types of nodes in the community relation category showed an opposite trend. 

Concerning gender, the test showed significant levels of modularity, evidencing men as a highly 

cohesive group. Even though, women showed low levels of cohesion and tended to have more ties with 

local men and external actors. The category that classified actors by public and private roles showed 

that private actors exhibited significant levels of modularity. 
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Table 4. E-I index results for subgroup categories. Negative index values imply a higher 

proportion of external than internal ties among subgroups. Positive index values imply a greater 

proportion of internal than external ties among subgroups. * Statistically significant (p-value < 

0.05). ** Statistically highly significant (p-value < 0.01).  

 
 

Individual Level 

Regarding actor’s attributes, the network showed 70 local indigenous Tikuna men, nine indigenous 

Tikuna women, six indigenous nodes from other ethnic groups (Yagua, Cocama), and five settlers living 

in the community. Additionally, 17 nodes were external to the community. Among them, eleven nodes 

corresponded to artisans of indigenous communities from surrounding areas, three palm researchers, 

one NGO, and two state nodes. These state nodes corresponded to Amacayacu National Park and 

SENA, a national-level formal education institution. All those external nodes were relevant for 

respondents to support Traditional Knowledge or provide new knowledge about Astrocaryum 

chambira. 

 

In the Gould-Fernandez brokerage test, we found that coordination ties were homogenous among local 

nodes, even though we focused on potential brokers who tie to nodes in different scales and 

categories, that is to say as gatekeepers, representatives, consultants, and liaisons. Gatekeepers 

consisted only of ten nodes that included local authorities, elders, and local teachers. Representatives 

were part of a larger group of 33 nodes, in which the highest scores corresponded to middle-aged 

adults of diverse tribal clans and occupations. Consultants and Liaison consisted of an exclusive group 

of three and two nodes, respectively. These last results stand out because both groups of brokers had 

two local indigenous women, one middle-aged, and an elder who have a diverse set of ties towards 

non-local indigenous actors (Figure 6). This group of brokers also showed high scores as 

representatives and gatekeepers. 

 

Subgroup E-I Index p value
Age1 0,287 0,06
Age2 0,093 0,001**
Clan 0,456 0,025*

Geographic Role -0,662 0,001**
Occupation 0,239 0,472

Gender -0,441 0,006**
Private/Public -0,789 0,001**
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All key actors made a group of private nodes, where almost all members were local indigenous actors 

and were Tikuna, the majority ethnic group in the community. The exception was an indigenous 

resident of a different ethnic group of the region, and an external node of another Tikuna location in 

Peru. All but two key individuals were males. Prevalent age groups were middle-aged or elders, and 

there was only one actor younger than 35. The main tribal clan among key actors was the largest in the 

community. Moreover, key individuals performed different occupations, but the best-scored nodes 

included local authorities or “cabildos” (democratically elected authorities) and local indigenous 

teachers.   

 
Figure 6. Ego Network of two related brokers. Brokers have a bigger size. Squares correspond 

to men, circles to women, and diamonds to undefined actors. Local indigenous actors are 

represented in green, regional indigenous actors in orange, and settlers in black. 

 

Ecological Calendars and perspectives on Social-Ecological Interactions  

After identifying key actors through the social network analysis, we defined three focus groups. One 

made of women younger than 55, another made by men younger than 55, and a group of men older 

than 55. The analysis of ecological calendars between focus groups revealed complementarity, with 

contradictions only in chambira phenology (Table 5). TEK held by all focus groups showed a common 



	
	

22	

view in wet/dry seasonal changes. Regarding social-ecological perspectives from rivers, forests, and 

crops; young to middle-aged men focused on game and fishing species interactions; women focused 

on edible plant species; while elders reflected a middle point between them. Chambira phenological 

patterns identified by young to middle-aged and elder men bear more resemblance, contrasting with 

women viewpoints in that matter. 

 

Regarding chambira extraction (Fig. A1.1) and processing (Fig. A1.2), all actors share a common view 

that we confirmed through observations. First, locals choose the spear leaf of a juvenile or adult palm 

usually no more than 4 meters tall, in secondary forests and fallows. They obtain the spear leaf with 

machetes, and it is not a gender-exclusive action, although is more frequent in men, especially when 

they go hunting, or there’s a need to reach tall palm trees. In the latter case, men use hooks made of 

other tree branches. At home, obtaining fibers from the spear leaves and processing them for 

handcrafting is a women task in which children sometimes assist them. Processing includes natural 

bleaching, dyeing with natural or artificial colors, twisting fibers for creating threads, and finally weaving 

for handcrafting hammocks or bags, usually. 

 

Extraction patterns scores provided by focus groups manifested no relation to management strategies 

and chambira phenology, but differed regarding age groups (Table 5). Elders considered that extraction 

is constant throughout the year, which contrasts with young to middle-aged men and women. Both 

groups showed coincidences, identifying a higher extraction frequency and naming two peaks per year, 

which included an overlapping peak in September. Young to middle-aged men and women explained 

this higher and variable extraction frequency as a need for extra income during the beginning and 

midterm of the year. These peaks match needs for school supplies for their children with tourist 

seasons. Independently of age, all key actors also sustain that during the year, chambira handcrafts 

also serve as a source of cash to obtain clothing and toiletries. 
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Table 5. Summary of focus groups’ Traditional Knowledge expressed during ecological 

calendars.  

 
 

 

Institutions related to chambira Traditional Knowledge. 

Rules matrices contributed to interpreting operational rules, collective choice rules, and constitutional 

rules. Regarding internal (traditional) operational rules, focus groups displayed coincidences but also 

differing views around A. chambira (Table 6). The only operational rules in which all groups coincided 

corresponded to perform palm tree harvesting in different locations and avoid it in others crops/fallows 

without permission. As we mentioned, forests in this area are collective property, even though 

transformed areas for agriculture and fallows have been inherited from one generation to another. That 

means that only immediate relatives have legitimate access to this land. For that reason, chambira 

trees that are left standing during an active or recently abandoned cropland are considered the 

temporal property of direct users, until this person informally transfers this land to their children. 

 

Other internal operational rules reflect different views around A. chambira. For example, women 

consider appropriate to leave a new spear leaf to mature before harvesting the same individual. 

Meanwhile, elders state that at least two new spear leaves are necessary to grow and promote 

individual regeneration. Young to -middle-aged men did not mention this rule but proposed not to 

Ecological Calendar Category Young to Middle Aged Men Elder Men Young to Middle Aged Women

River social-ecological interactions
High detail interpretation of fish 
species life cycle and river 
seasonality.

High detail interpretation of fish 
species life cycle and river 
seasonality.

General interpretation. Emphasis 
on main changes in fish 
populations and river seasonality.

High detail interpretation of plant-
game animal species interactions. 
Emphasis on 3 animal species.

General interpretation of plant-
game animal species 
interactions. Emphasis on 3 
animal species.

General interpretation of plant-
game animal species interactions. 
Emphasis on main changes in  
game animal populations.

General interpretation of edible 
plants seasonality. 7 plant 
species described.

General interpretation of edible 
plants seasonality. 5 plant 
species described.

High detail interpretation of edible 
plants species seasonality. 15 
plant species described.

"Chagra" (Slash and Burn Crops)   
social-ecological interactions  

High detail interpretation of crop 
species seasonality. 12 plant 
species described.

High detail interpretation of 
crop species seasonality and 
some crop pests. 7 plant 
species described.

High detail interpretation of crop 
species seasonality, emphasis on 
crop pests. 11 plant species 
described.

A. chambira  phenology:                     
Fruit abundance August-November May-October February-April

A. chambira  extraction peaks April-May and September No peaks, constant January-February and August-
September

Forest social-ecological interactions        
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harvest young individuals. In the case of tall adults that can disperse seeds, age and gender subgroups 

have different perspectives. Young to middle-aged men consider avoiding cutting down tall adults, an 

external rule proposed by external actors (state, researchers, and NGOs). On the same line, elders 

accept cutting as an occasional practice. Oppositely, women consider that an adult palm should not be 

cut down at all. 

 

External operational rules reflected the influence and views of external actors in chambira management 

(Table 6). The elders group expressed that external actors should not propose or enforce rules in their 

territories. They perceive that external rules limit their livelihoods while their traditions preserve them. 

Young men and women groups contrast when recognizing valuable species reforestation encouraged 

by researchers, NGOs, and park authorities, identifying them as conservation actions, not as 

community rules. The same occurs with the use of harvesting devices brought by palm researchers. 

They extend these positive attitudes towards external actors valuing opportunities to exchange 

knowledge about chambira handcrafting techniques and generating trade relations. 

 

Besides differing views about management and rules, focus groups sustain that rule enforcement does 

not effectively occur (Table 6). They explain this is due to a loss of traditions, lack of leadership in local 

authorities, and difficulty in finding rule breakers. On the latter point, the usual mechanism to face it 

occurs during general assemblies, where leaders and authorities draw attention to rule breaking 

avoiding personal remarks.  Another kind of rule enforcement mechanism is applied when common 

people complain to possible rule breakers about the misuse of resources. Nonetheless, they affirm this 

is not frequent, to avoid personal conflicts. 

 

On a higher institutional level, community assemblies represent the space where operational rules are 

discussed and reaffirmed. In other words, collective choice rules. Assemblies also reflect constitutional 

rules (i.e., access to natural resources). For all key actors, community inhabitants are the active 

participants in assemblies and the only ones with legitimate access to natural resources in their 

territory. That includes people of other ethnic groups or nonindigenous settlers, who have family ties 

through marriage with local Tikunas. 
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Table 6. Summary of Internal and External Rules matrices obtained during focus groups. 

 
	

DISCUSSION 

Based on our analytical framework (Table 1, Figure 2), we explored the emergence of key features of 

adaptive arrangements in chambira Traditional Knowledge. In this regard, we find that our results are 

compatible with this framework because they evidence a Traditional Knowledge system related to 

chambira, based on local indigenous actors interactions and their traditional institutions. 

 
Community Level Emerging Features 

Our findings of constitutional and collective choice rules are contradictory with community-level patterns 

in the emergence of social memory. We found that social memory emerges through constitutional and 

collective choice rules based on community assemblies. Constitutional rules are affirmed in those 

meetings because the community legitimates local actors as the primary users of species including A. 

chambira, and supporting self-organization. Assemblies, also involve collective choice rules because 

they encompass discussions and decision-making about locally relevant affairs related to management 

systems that involve A. chambira. For example, key actors mentioned a recent NGO reforestation 

initiative for community valuable timber and nontimber species. That included A. chambira decision 

making about operational rules, like seedling collection and nursery strategies, defined during a general 

assembly in which leaders recalled previous reforestation initiatives and personal experiences about 

valuable species management. That is to say, collective experiences to be used in times of change 

Rule Category Operational Rule
Young to 

Middle Age 
Men

Elder Men
Young to 

Middle Age 
Women

Avoid palm individuals harvesting in 
others crops and fallows X X X

Reforestation X X
Avoid young palm individual extraction X
Avoid tall adult palm individual X X
Obtain fibers from differen locations X X X
Avoid to cut short spear leafs X
Number of spear leaves left standing 
for regeneration 0 2 1

Reforestation X X
Use of palm harvest devices X X
Avoid tall adult palm individual X

Intermediate Low-
Intermediate

Low-
Intermediate

External 

General perspective of rule compliance

Internal (Traditional) 
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(Bodin, Crona, and Ernstson 2006; Berkes, Colding, and Folke 2003; Adger et al. 2005), that evidence 

an active and dynamic character of Traditional Knowledge. Unlike other cases, assemblies represent 

an effective unified arena of local decision-making that could facilitate collaboration with scientists and 

practitioners (Premauer and Berkes 2015; Ruiz-Mallen and Corbera 2013).  However, that well-defined 

arena could be limited by low density on the social network. Specifically, the effectiveness of 

assemblies will be diminished by a social structure pattern that decreases day-to-day chances of 

developing and spreading new understandings.  That is to say, the update social memory (Bodin, 

Crona, and Ernstson 2006; Lauber, Decker, and Knuth 2008). 

  

Low social network density also seems related with ineffective rule enforcement mechanisms for 

chambira management, possibly affecting the emergence of trust. Low network density affects 

opportunities to strengthen social identity (Bodin, Crona, and Ernstson 2006). In consequence, this 

social structure will be less likely to promote collaboration and setting-up common priorities for rule 

compliance (Sandström and Rova 2010). Local informants explain the lack of trust by ineffective 

leadership that impedes to enforce rules. In this sense, Ullán de La Rosa (2002) states that indigenous 

social structures could not recover from relocation processes from communal halls into villages. During 

relocation, the government established democratically elected leaders (Curacas) to replace traditional 

leadership based on tribal clans. In fact, government’s influence ended up promoting an egalitarian 

social structure among men householders that struggle to execute authority; similar to that from rubber 

tapping times (Ullán de La Rosa 2002). The influence of illegal economies around coca crops during 

the 1970s and 1980s also contributed to leadership instability (Montes 2015). Two situations 

exacerbate these processes. First, a loss of beliefs and values due to easier access to urban centers 

and cash economies (Reyes-García et al. 2014; Ullán de la Rosa 2000). Second, population growth 

that diminishes mutual monitoring and increases transaction costs (Ostrom and Cox 2010; Poteete and 

Ostrom 2004).  Accordingly, the disintegration of traditional social structures could have diminished 

leadership and trust. Hence, reducing support to local and traditional institutions related to valuable 

species like A. chambira that will potentially affect ecological sustainability (Ruiz-Mallen and Corbera 

2013; Gruezmacher and Van Assche 2014). At the same time, reduced trust will discourage 

collaboration not only between local but also with external actors and institutions (Pretty and Ward 

2001), restraining processes of bridging knowledge (Tengö et al. 2014).  

 

According to our results, learning emerges from local resource perspectives in terms of management 

and institutions. Also, it is supported to some extent by community-level cohesiveness and low 
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centrality. In this sense, ecological calendars in focus groups display a complex and wide 

understanding of ecosystem dynamics. Independently of age and gender, key actors relate to different 

social and ecological components in a temporal and geographical scale of their territory, through 

distinct but complementary perspectives. This evidence of learning is supported by local institutional 

views of A. chambira, which demonstrate a general participation in the definition of operational rules 

that contribute to the species’ management (i.e., collective choice rules). For example, the rule that 

requires users to obtain fibers from different locations. According to elders, this is a new rule 

considered irrelevant during their youth, but nowadays crucial to face a reduced availability of A. 

chambira for an increasing number of families and economic needs. That involves learning through 

changes in harvest strategies and management goals (Armitage et al., 2011). Showing that learning 

does not seek for detailed knowledge of parts of the ecological system, it emerges from interpreting 

complex interactions between biophysical, social and cultural structures (Davidson-Hunt and Berkes 

2003). In this case, learning reflects changing and flexible institutions required in adaptive 

arrangements (Folke et al. 2005). 

 

From a structural point of view, learning is supported by a network modularity pattern that creates 

cohesiveness around local indigenous resource users. Furthermore, the network simultaneously 

promotes diverse learning experiences through low network centrality (Bodin et al., 2006). In other 

words, learning does not depend on an exclusive group of central actors. However, this dynamic-

learning social structure could be affected by low betweenness. More specifically, a low number of ties 

between subgroups that could disrupt possibilities to transfer complex knowledge (Reagans and 

McEvily 2003). Reduced interactions among actors will impede shared learning that could transform 

into rules (Barthel, Folke, and Colding 2010).  

 

Subgroup-Level Emerging Features 

Local operational rules in chambira Traditional Knowledge exhibit certain redundancy that relates in 

part to network cohesion of local indigenous actors. For example, while young to middle-aged adults 

avoid cutting chambira individuals shorter than 2m, women and elders say to avoid cutting old-tall 

adults. We interpret them as overlapping operational rules because they are focused on protecting life-

stages of chambira populations (Berkes 2008). Another example of overlapping institutions is shown 

regarding operational rules that contribute to guarantee chambira fibers household supplies. While all 

key actors agree on avoiding extractions of present or past crops of other families, young to middle-
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aged men and elders, consider reforestation an essential internal operational rule to assure their 

requirements of palm fiber.   

   

In social network structure terms, the redundant character of the species’ operational rules is supported 

by modularity patterns obtained through E-I Index calculations. The subgroup analysis shows that local 

indigenous actors tend to have more internal than external ties. Thus, they exhibit more bonding than 

bridging ties that promote similar or complimentary institutional views, explaining a continuum spectrum 

of institutional perspectives around chambira Traditional Knowledge. In consequence, there could be 

actors that can fill other actors positions to perform similar management functions (Janssen et al. 

2006). Also, will foster consensus and conflict resolution in local actors (Bodin and Crona 2009), 

creating favorable conditions for bridging knowledge.   

 

However, the low density of ties could diminish the redundancy that emerges from the community as a 

cohesive group. It implies that the loss of local indigenous actors will be more disruptive due to the 

reduced number of ties among actors in the network. The repercussion will be an increase in the 

distance between local actors and possibly to affect knowledge transfer, and paralyzing rule-forming 

processes (Sandström and Rova 2010; Sandström 2011).  

 

The emergence of heterogeneity in A. chambira’s Traditional Knowledge has different interpretations. 

Regarding subgroup cohesion within clans, network patterns exhibit a social structure not influenced by 

them, as found in other studies in the area (Gruezmacher and Van Assche 2014). This pattern is of 

particular concern because the Tikuna traditional society is determined by relations and hierarchies 

between clans (Oyuela and Vieco 1999). Even more, some key actors sustain that depending on tribal 

clans social and ecological views could differ. Results support that this facet of heterogeneity is 

vanishing, and it seems related to social changes we described already. 

 

Meanwhile, network cohesion based on age and gender in the social network appears to support 

emerging heterogeneity in some ecological and institutional perspectives. Concerning age, individuals 

born before and during/after the disintegration process of communal halls (malokas) (Oyuela and Vieco 

1999), integrate two different cohesive groups. Differing ecological and institutional perspectives 

support this division. From an ecological viewpoint, elders evidenced a wider and more integrative 

vision of social-ecological interactions, while younger men and women provided an angle situated in 

gender-based activities. From an institutional perspective, men did not mention regeneration times of A. 
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chambira. Otherwise, elders consider that regeneration takes twice longer than women do. Three 

reasons can explain this generational differences (Vélez and López 2013). First, elders with families 

constituted have reduced dependence on resources. Second, they have been discussing regulations 

for a longer time. Third, elders are resource users less likely to take risks.  

 

Another point that demonstrates differing institutional perspectives is the skeptic attitude of elders 

towards external rules for chambira management. That skepticism reflects the legacy of power relations 

and conflicts created by the government through imposed social structures, also described elsewhere 

(Nadasdy 1999). By contrast, young to middle-aged men and women recognize the importance of 

external rules like the use of palm extraction devices. These flexible attitudes from younger actors 

origin in a lifetime contact with external actors and formal institutions that elders did not have (Gómez-

Baggethun and Reyes-García 2013). That includes education at public schools managed by the 

Catholic Church, and more recently cooperation with National Parks authorities (Oyuela and Vieco 

1999; Ochoa-Fonseca, James, and Márquez 2013; Gruezmacher and Van Assche 2014).  These 

contrasting attitudes represent a challenge for scientists and practitioners for knowledge deliberation 

and device agreements with diverse local participation (Weiss, Hamann, and Marsh 2013).  

 

Despite the above, we interpret from the subgroup analysis the existence of a network structure with 

multiple actor perspectives that promote moderate levels of heterogeneity (Bodin and Norberg 2005); 

positively influencing to device redundant adaptive institutions in the future (Poteete and Ostrom 2004). 

In this sense, at some point heterogeneity, redundancy, along with network-institutional processes 

encouraging social memory and learning could explain the high densities of A. chambira in San Martín 

(García et al. 2015). That could support the creation of formal adaptive arrangements for A. chambira in 

this co-governance context.  However, a scenario of mistrust reduces opportunities of heterogeneity 

and redundancy to support community learning and adaptive capacity (Calvet-Mir et al. 2015). 

 

Adaptive Capacity, an Individual-Level Emergent Feature 

According to individual-level results, some key actors from the network contribute to the emergence of 

adaptive capacity in chambira Traditional Knowledge. More specifically, they act as gatekeepers and 

representatives, meaning that they behave as boundaries and contact points with nonlocal actors at 

different scales. In part, this can be explained by their diverse positions of leadership in the community 

that promote contact with the outside. Considering the geographical and economic isolation of San 
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Martín de Amacayacu, outside contact is not frequent. Therefore, these brokers could act as sources of 

new chambira knowledge and possibly to other natural resources. As we mentioned, opposite to elders, 

young to middle-aged men and women key actors supported this in focus groups. Specifically, they 

defined external rules and recognized the value of external ties for chambira knowledge exchange and 

handcrafting commerce. 

 

Results also showed that gender-based groups display high cohesion between men, whereas women 

have more external ties than internal ties to other women. To a certain point, these results are 

predictable, according to Tikuna patriarchal societies (Ullán de La Rosa 2002). Nevertheless, finding 

that women rely more on external ties than expected, showed that ego-networks of some women have 

a diverse set of ties not only including local men actors. Specifically, brokerage metrics display ties of 

two key women that act not only as gatekeepers and representatives but also as consultants and 

liaisons. The first means that they connect actors of another category while the second refers to 

connecting actors of two different categories (Hanneman and Riddle 2011). We found consultant 

brokerage in ego-networks in which, for example, they connect settlers (Figure 6). Liason brokerage 

becomes evident with their position as intermediaries between regional indigenous actors and settlers. 

Ullán de la Rosa (2002) explain this new participation and influence of women in community affairs, as 

consequences of acculturation, education, and a change of traditional values.  Others explain that 

women invest in social networks to compensate their lack of power in rural and traditional societies 

(Leach, Mearns, and Scoones 1999). 

 

Key women actors could be operating at different scales because of their cross-scale linkages. 

Considering that some studies find that women’s participation improve forest protection and rule 

compliance (Agarwal 2009), they are potential agents willing to experiment and bring innovation in the 

local knowledge system and social-ecological dynamics (Armitage et al. 2011; Tengö et al. 2014). 

Therefore, they contribute to heterogeneity, learning, trust, and adaptive capacity of chambira 

management. Simultaneously in the present co-governance scenario, they could support the access to 

Scientific Knowledge and facilitate understandings between local Traditional Knowledge and upper 

scales in adaptive arrangements with A. chambira (Berkes, Colding, and Folke 2003; Ruiz-Mallen and 

Corbera 2013). Synthesizing, actors providing bridging ties are fundamental in bridging knowledge 

(Rathwell, Armitage, and Berkes 2015; Bohensky and Maru 2011). 
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CONCLUSIONS 

We interpret that local chambira Traditional Knowledge is dynamic and heterogeneous. It displays 

emerging features from complex-adaptive systems (Low et al. 2002). For instance, complementary to 

other dynamic knowledge systems such as Scientific Knowledge (M. Davis 2006). Specifically, our 

network-institutional approach to explore these features reflects that chambira Traditional Knowledge is 

relevant for people’s livelihoods, supporting that Traditional Knowledge is action-oriented and not just a 

mere collection of information (Aikenhead and Ogawa 2007). This knowledge system creates a frame 

able to deal with ecological constraints and support a sustainable use (García et al. 2015). It also 

reconfigures around social, political, and economic scenarios (Gómez-Baggethun and Reyes-García 

2013), even though features emerge differently.  

 

We showed as well that social and political reconfigurations had strong repercussions in chambira 

Traditional Knowledge. Due to western influence and consequent transformations in the traditional 

social structure; trust, social memory, and learning exhibit a network and/or institutional backgrounds 

that can represent considerable difficulties for Traditional Knowledge and the creation of formal 

arrangements for A. chambira. For example, mistrust and reduced rule compliance impose major 

limitations (Armitage et al., 2009). On this subject, local authorities and National Parks Authorities 

recently tried to promote dialogues between the community and external indigenous organizations to 

establish pathways to reconstruct traditional forms of leadership, authority, and sanctions. The effect of 

this kind of initiatives demand intensive assessment but elucidates scenarios of bridging knowledge 

among different forms of Traditional Knowledge. 

 

Despite limitations, emergent features in Chambira Traditional Knowledge exhibit opportunities.  Social 

memory does it through community assemblies. Learning through an uncentralized social structure and 

flexible collective choice rules. Either way, they create conditions for local deliberation not only about 

local knowledge but also about other knowledge systems. Redundancy expresses in overlapping actor 

positions and rules. Heterogeneity despite associated conflicts emerges from differing subgroups and 

rules that are navigating change. Therein age and gender strongly influence the social organization and 

local Traditional Knowledge and should be considered by scientists and practitioners (Díaz-Reviriego et 

al. 2016; Nadasdy 1999; Briggs 2005).  

 

Brokerage and local attitudes toward external rules show a potential adaptive capacity in which women 

appear to play a crucial role.  That scenario appears to be contributing to changing traditional 
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institutional arrangements and open opportunities for bridging knowledge.  However, other individual 

network positions and institutional perspectives suggest that actors with different traits and 

backgrounds can foster or limit mutual learning with external actors (Calvet-Mir et al. 2015).  A 

challenge develops from this matter, requiring diverse ways to discuss local conflictive perspectives. 

Brokers open to external views can play a fundamental role to enhance mutual learning between 

Traditional Knowledge and Scientific Knowledge (Armitage et al., 2011; Leach, Mearns, & Scoones, 

1999).  

 

Synthesizing, some emerging features in this case, support the possibility of Chambira “conservation 

through use” (Coomes 2004), opening opportunities for bridging knowledge through adaptive 

arrangements in this co-governance scenario. It should involve the community, National Parks  

authorities, scientists, NGOs. However, bridging Traditional Knowledge and Scientific Knowledge  

through adaptive arrangements can not become a blueprint. In fact, adaptive arrangements can  

feedback from a variety of settings for bridging knowledge (Rathwell, Armitage, and Berkes 2015).  

Adaptive arrangements in co-governance scenarios should search for building flexible institutions that  

fit the local ecology of Commons and particular social contexts (Ostrom and Cox 2010). On this subject,  

Traditional Knowledge and its rules in place are a suitable and cost-efficient starting point for  

institutional arrangements in natural resource governance (Ruiz-Mallen and Corbera 2013; Moller et al.  

2004).  To this end, scientists, and practitioners could encourage dialogues among stakeholders to  

empower Traditional Knowledge and buffer current transformations in traditional societies  

(Gruezmacher and Van Assche 2014).  Such dialogue demands an integrative engagement among  

stakeholders recognizing the cultural contexts of all knowledge systems involved (Weiss, Hamann, and  

Marsh 2013). Therefore, future research could contribute to bridging knowledge in adaptive  

arrangements assessing local knowledge systems dynamism and heterogeneity. Also recognizing  

similarities, complementarities, and contradictions with Scientific Knowledge (Tengö et al. 2014); and  

hereof identify opportunities and difficulties in local institutions and key actors to collaborate in  

governing and managing commons. 
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APPENDIX 1. Fiber extraction and processing of Astrocaryum chambira in San Martín de 

Amacayacu (Amazonas, Colombia). 

Figure 1. Fiber Extraction of Astrocaryum chambira. A. and B. Spear leaf extraction with 
machete and hook. C. Leaflet extraction from a spear leaf. D. Fiber extraction "in situ" to tie up 
leaflets. E. Leaflets tie. F. Leaflets transport. 
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Figure 2. Twisting and weaving processes of Astrocaryum chambira fibers. A. B. Chambira 
fiber twisting process to obtain threads.  C. Chambira fibers weaving for a tray. D. Selection of 
dyed and not dyed fibers for handcrafting. E. Wood frame used for weaving hammocks. F. 
Chambira fiber trays under weaving process. G. Chambira weaving for a hammock. 
 

 


