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Abstract

:

The Amazon region has been viewed as a source of economic growth based on extractive industry and large-scale infrastructure development endeavors, such as roads, dams, oil and gas pipelines and mining. International and national policies advocating for the development of the Amazon often conflict with the environmental sector tasked with conserving its unique ecosystems and peoples through a sustainable development agenda. New practices of environmental governance can help mitigate adverse socio-economic and ecological effects. For example, forming a “community of practice and learning” (CoP-L) is an approach for improving governance via collaboration and knowledge exchange. The Governance and Infrastructure in the Amazon (GIA) project, in which this study is embedded, has proposed that fostering a CoP-L on tools and strategies to improve infrastructure governance can serve as a mechanism to promote learning and action on factors related to governance effectiveness. A particular tool used by the GIA project for generating and sharing knowledge has been participatory mapping (Pmap). This study analyzes Pmap exercises conducted through workshops in four different Amazonian regions. The goal of Pmap was to capture different perspectives from stakeholders based on their experiences and interests to visualize and reflect on (1) areas of value, (2) areas of concern and (3) recommended actions related to reducing impacts of infrastructure development and improvement of governance processes. We used a mixed-methods approach to explore textual analysis, regional multi-iteration discussion with stakeholders, participatory mapping and integration with ancillary geospatial datasets. We believe that by sharing local-knowledge-driven data and strengthening multi-actor dialogue and collaboration, this novel approach can improve day to day practices of CoP-L members and, therefore, the transparency of infrastructure planning and good governance.
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1. Introduction


The Amazon rainforest plays crucial roles from a sociocultural, economic and environmental perspective. The region is recognized for its unique and vast biological and cultural diversity, and for providing a wide variety of environmental goods and services, including the regulation of regional and global biochemical and atmospheric cycles [1,2,3].



In the past decades, the Amazon basin has been viewed as a source of economic growth due to extractive industries and large-scale infrastructure development endeavors, such as roads, dams, oil and gas pipelines and mining [4,5,6,7]. These projects promise social and economic progress (e.g., energy, broader access to markets, health care and education) [8,9]. However, the associated negative environmental (e.g., forest fragmentation and degradation, fires and poaching) and social impacts (e.g., land grabbing, corruption, human conflicts and violence) are escalating, as environmental roll-backs promote more infrastructure and resource extraction investments [5,6,7,8,9,10,11,12,13,14,15,16].



International and national policies advocating for the development of the Amazon basin often conflict with the environmental sector tasked with conservation of its unique ecosystems and peoples through a sustainable development agenda [17,18]. For instance, the Initiative for the Integration of the Regional Infrastructure of South America (IIRSA, now COSIPLAN) aims to facilitate regional and global commerce through the development of terrestrial, aerial and fluvial infrastructure throughout the Amazon [12,13,14,15,16,17,18,19]. The outcomes of such development projects are seen everywhere. For example, road construction increased migration and has led to high rates of deforestation and contentious processes [9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25]. Lack of public participation in the planning process is one of the crucial factors behind the negative outcomes of large-scale infrastructure projects; especially neglected is the participation by local communities who are directly and indirectly affected by these projects [26,27,28].



Besides the need for policies aimed at integrating infrastructure development, resource extraction and conservation in the Amazon [6,29,30], there is a need for “innovative models of governance to mitigate the negative socio-economic and ecological effects” [31] (p. 1890). Environmental governance practices can provide such a model when diverse social actors are engaged in ways that reflect greater equity and responsibility [32,33]. Certainly, environmental governance approaches have branched out to more decentralized and multicentric structures and thus, contribute to improved monitoring and mitigation of the negative impacts of infrastructure initiatives [27,28,29,30,31,32,33,34,35,36]. One example is reported by Mendoza et al. [27] who conducted multi-stakeholder workshops to facilitate participation in planning to mitigate the negative impacts of an Amazonian road. The workshops involved many local people who identified the potential problems from infrastructure, providing key information for establishing local planning priorities.



Forming a “community of practice and learning” (CoP-L) is another approach for effective governance via collaboration. A CoP-L’s objective is to foster expertise exchange by focusing on a core issue that its members acknowledge and care about [37]. Like any other community, a CoP-L requires reciprocity and trust, values that are developed through open, committed interactions where individuals show the willingness to share and learn together. Sharing knowledge, skills and techniques allow the community to create a sense of belonging [38,39,40,41].



Along these lines, the Governance and Infrastructure in the Amazon (GIA, https://giamazon.org/, accessed on 14 September 2021) project, in which this study is embedded, has proposed that fostering a CoP-L on tools and strategies to improve infrastructure governance can serve as a mechanism to promote learning and action on factors related to governance effectiveness. Once learning occurs, there is scope to incorporate this knowledge into the practices of CoP-L members, which are then expected to improve results in terms of infrastructure planning and environmental governance. GIA, led by the University of Florida (UF)’s Tropical Conservation and Development (TCD) program, is analyzing how social learning is playing out in CoP-L with partners in focus regions in Bolivia, Brazil, Colombia and Peru.



A particular tool used by the GIA project for generating and sharing knowledge is participatory mapping (Pmap). Pmap combines participatory methods and geospatial analysis to create maps with the aim of providing a visual discussion and representation of a place and the important features or issues within it. Pmap projects have grown throughout the world over the past decades and have been largely used as a tool to incorporate indigenous rights and environmental knowledge into science-based conservation planning [42,43]. Participatory maps are not restricted to portraying geographic features only (e.g., rivers, roads, communal territories); they can also depict cultural, historical and social knowledge [44].



The implementation of Pmap projects, along with the development of Geographic Information System (GIS) tools, has advanced community participation and empowerment in decision-making processes [45,46]. Aditya (2010) described the main benefits from using Pmap methods for decision-making and problem-solving activities, which include: facilitate explicit communication, gather and transfer information and ideas, and enable access of shared resources [47]. All these characteristics make Pmap a critical tool for building and supporting a CoP-L. Our framework is thus based on the theoretical assumption that maps produced in a participatory way portray a collective expression by the community and other stakeholders of their values and concerns, and can be used successfully in many contexts to a. exchange information and ultimately b. persuade decision-makers of the legitimacy of local claims to land and natural resources and question prospective infrastructure projects.



Pmap can be implemented through a diverse set of tools and methods that are increasingly being developed and improved in many parts of the world. Our case study presented here uses maps as a mechanism to facilitate communication of stakeholder’s spatial information to better understand why places are important (aspect of value) and what is at stake in an event of significant change in land use (concerns). Here, we adopt a simplified applications-driven method where collection of original geo-referenced field data via scale mapping is combined with dialogue and reflection during participatory organized workshops that were part of the consolidation of a CoP-L In this application, Pmap acts as a mechanism to promote knowledge sharing among participants within the CoP-L and provides an overview of the temporal and spatial understanding of the respective regions.



We report on Pmap exercises conducted in each of the four focal regions with the goal to capture the different perspectives, priorities, values and concerns as they relate to reducing impacts of infrastructure development and improvement of environmental governance processes. Using textual and spatial analysis, this study shows how Pmap can be used as a tool to visualize and reflect on (1) areas of value, (2) areas of concern and (3) recommended actions. The study will further shed light on implications for infrastructure and other environmental governance projects in Amazonia and elsewhere given the context of strengths and weaknesses of the Pmap. (As areas of concern, we define a personal or institutional perspective related to socio-ecological sustainability and well-being that is affected by infrastructure projects (roads, dams, hydroways) and impacts natural resources, livelihoods, biodiversity, protected areas, indigenous territories and local communities, among others. As areas of value, we characterize biophysical, social, cultural, economic and holistic attributes as defined by workshop participants. As recommended actions, we define activities on the ground that reduce or address described concerns directly and indirectly (i.e., legal actions, satellite monitoring, etc.) as well as based on identified needs and/or opportunities. (See Salafsky et al. 2008 for a better understanding of threats and actions within conservation projects.)




2. Materials and Methods


2.1. Study Areas


The research is based on the development of a CoP-L in a series of workshops organized by the GIA project in each of its four different Amazonian focus regions (hereafter called mosaics) shown in Figure 1, with relevant contextual data in Table 1. These mosaics were selected for gathering clusters of diverse actors involved in governance processes related to infrastructure projects. CoP-L members themselves adjusted and validated the relevance of these landscape mosaics during previous interviews and other communications prior to the Pmap exercise. The mosaic boundaries of the Bolivian workshop encompass part of Brazilian territory (dashed area in Figure 1), an area of 10 km alongside the Mamoré and Madera rivers, from Principe da Beira location up to the city of Porto Velho in Rondônia state. The inclusion was a request from Bolivian participants that felt the need to point out concerns that stemmed from infrastructure impacts on the countries’ borders, mainly the two built hydroelectric dams of Santo Antônio and Jirau.



Bolivia’s mosaic (hereafter called Bolivia) is represented by the Upper Madera river basin, Amazon river’s largest tributary. The mosaic encompasses the northernmost portion of Bolivia, in the departments (states) of Pando and Beni, bordering Southern Peru (upper Madre de Dios basin) and Rondônia and Acre States in Brazil. The mosaic’s total population is over 683,996 inhabitants centered mostly in the cities of Trinidad, Riberalta, Guayaramerin and Cobija. It is inhabited by 12 ethnic groups along with riverine people; the region hosts six indigenous territories [48] and six national protected areas [49] that represent 29% and 32% of the total area, respectively. There are also several subnational protected areas occupying a large surface area. The mosaic is connected to Brazil through twin cities and roads, such as Cobija (Pando) and Brasileia/Epitaciolândia (Acre) and Guayaramerin (Beni) and Guajara-Mirim (Rondônia). Madre de Dios and Mamoré rivers meet to form the Madera river, the border between Brazil and Bolivia. Besides two dams on the Madera river (Jirau and Santo Antônio) on the Brazilian side (80 km from the Bolivian border), both countries are planning the construction of the binational Ribeirão Preto dam on the Madera River; Bolivia is also planning for the Cachuela Esperanza dam on the Beni River [50]. Both of these planning operations foresee sluices and hydroways to transport agricultural commodities from upstream to the lower Amazon basin.



Brazil’s mosaic (hereafter called Brazil) extends over Southern Amazonas and Northern Rondônia states, located in the southwestern Brazilian Amazon and comprising 14 municipalities distributed equally in each state. Total population is over 963,000 inhabitants, of which 530,000 live in Porto Velho, the Rondônia state capital [51]. Besides urban residents, the region is home to 20 ethnic groups, traditional communities including riverine, agro-extractive, quilombolas, as well as colonists and ranchers. This vast territory, with over 393,000 km2, is in the interfluvial region of the Madera and Purus rivers, with diverse forest and water ecosystems, comprising a total of 51 indigenous territories and 82 protected areas representing 16.4% and 45.9% of its total area (Table 1), respectively [52,53]. There are various challenges and threats affecting this region, which is recognized for its significant importance for the conservation of Amazonian socio-biodiversity [54]. Among these challenges and threats are the uncontrolled encroachment at the agricultural frontier, illegal logging [55] and mining, forest fires [56], land tenure insecurity and land grabbing [57], low government presence and services [58] and major infrastructure projects, such as the paving of half of the 2.687 km of Federal and State Highways (BR-319, BR-230 and BR-364) and the Santo Antônio and Jirau hydroelectric dams, among others [50].



The Colombian Amazon mosaic (hereafter called Colombia) accounts for nearly 8% of the total area of the Amazon Basin and more than 65% of the country’s forest. This mosaic is comprised of two ecological landscapes, the Amazonian lowlands representing 35% of the Colombian Amazon (Putumayo, Caquetá, Guaviare, Amazonas, Vaupés, Guainía and southern Vichada departments) and the Andean–Amazonian transition zone called Piedemonte (Meta, Nariño and Cauca departments), the latter of which has the greatest anthropic intervention and has experienced significant ecosystem transformations. The percent area of the Colombian Amazon under protected areas and indigenous territories is 27.8% and 53.3%, respectively, with an overlap of 7% (74.1% in total). The Amazonian lowlands have been less impacted by anthropogenic disturbance and harbor most of the indigenous population; in contrast, the more impacted Piedemonte hosts most of the region’s population. After the Peace agreement in 2016, this mosaic has been targeted for transport-related infrastructure projects, especially roads and hydroways to connect the mosaic and other regions that are not well integrated with the rest of the country [59].



Sources: Total Population (Brazil: [51], Peru: [60], Colombia: [61], Bolívia: [62], Indigenous Population (Brazil: [63], Peru: [60], Colombia: [64], Bolivia: [62], Protected Areas, Indigenous Areas, Dams (RAISG: https://www.amazoniasocioambiental.org/en/, accessed on 1 December 2021); Deforestation (RAISG, cumulative deforestation up to 2000; Global Forest Change data from 2001 to 2019: https://earthenginepartners.appspot.com/science-2013-global-forest, accessed on 1 December 2021); Roads (Ministry of Infrastructure for Brazil: https://www.gov.br/infraestrutura/pt-br/assuntos/dados-de-transportes/bit/bitmodosmapas#maprodo (accessed on 1 December 2021) and GRIP4 global roads database for other countries: https://www.globio.info/download-grip-dataset, accessed on 14 September 2021).



Peru’s mosaic (hereafter called Peru) comprises the Loreto department located in its northwestern region. This mosaic borders with Brazil and Colombia and is Peru’s largest department covering nearly 369,000 km2. This mosaic is drained by two mighty rivers, Marañon and Ucayali, that come together to form the Amazon River (Solimões River for Brazil). The total population in this mosaic is 1,049,364, most of which is centered in Loreto’s capital city of Iquitos, the largest Peruvian city not connected by road and only accessible by river or air. Loreto possesses an extraordinary biological and cultural diversity and it harbors one of the largest peatlands (i.e., Pastaza-Marañon) responsible for storing 32% of the soil carbon in South America [65]. The percent area of Peru’s mosaic under protected areas and indigenous territories is 23.8% and 28.4%, respectively. Several development projects, including infrastructure, oil, mining and others threaten the mosaic [66]. There are two mega-infrastructure projects planned or in the process of being implemented: The Amazon Waterway (-or Hydroway) and the Iquitos–Saramiriza highway. Oil and gas operations encompass many hydrocarbon blocks which have caused significant negative environmental and social impacts through toxic spills into local waterways for several decades [67,68]. The dynamics of governance in the mosaic have been influenced in recent years by processes of decentralization and emergent political will to address the ecological viability of infrastructure projects. Socio-environmental problems related to infrastructure projects create challenges that emanate the need for a collaborative network to strengthen governance tools in the mosaic.




2.2. Participatory Research Design


Pmap activities were implemented in four sequential steps (Figure 2). The first two steps are part of a preliminary assessment of the overall context of the region and possible participants to the workshops. It included a developmental phase from October 2018 to May 2019 based on qualitative data collection from interviews and surveys with key partner organizations, secondary data collection and planning activities to strategically develop the context for the Pmap exercise.



In a second step, secondary sources of information were used to prepare and test a pilot participatory mapping exercise. After a period of revision, the third step led to the implementation of the workshops and the Pmap exercises, which generated qualitative and quantitative spatial data that were digitized and stored in a geodatabase. The last step was to summarize and interpret the results, integrate qualitative and quantitative information on the analyses and results. Our mixed-methods approach explored textual analysis, regional multi-iteration discussion with stakeholders, participatory mapping and integration with ancillary geospatial datasets. Our results mainly focus on the core steps three and four of the p-map exercise design.




2.3. Workshops and the Pmap


Four workshops, one in each country’s mosaic, were organized to stimulate discussion and reflection on governance and infrastructure in the Amazon. Workshop participants were selected by GIA and Workshop participants included non-profit organizations (NGOs) with a long trajectory working in the mosaics and other relevant local actors, civil society groups, some government representatives, indigenous and traditional communities and academia. In addition, a limited number of participants from other mosaics were invited. A total of 117 stakeholders attended the workshops (see Table S1 for complete list of stakeholders per mosaic). Although the criteria to include participants was similar for each mosaic, the actual composition of stakeholders and organizations present differed (See Figure 3 for participant composition per workshop).



The Bolivia workshop brought together a diversity of participants from Bolivia, Brazil, Colombia, Peru and included researchers, academics, urban and rural community leaders, and indigenous, NGOs and government representatives. Since it was jointly organized by the Amazon University of Pando (UAP), academic participants outnumbered participants from other groups. Here the overarching objective was the promotion of a dialogue between different social actors regarding the development of hydropower in the Amazon, with a focus on research and impact analysis. Crucial was the connections/networks of rural, urban and indigenous leaders with academia and NGOs.



The Peru workshop had most participants stemming from the regional government of Loreto in contrast to other workshops, such as Bolivia where governmental officials were absent. In Peru, NGOs were also well represented. Here, a major objective was to better understand the role of infrastructure projects within the vision of territorial planning in Loreto, a domain mainly executed by the government sector. Furthermore, NGOs have long been important players in the environmental and conservation arena in Loreto.



The Brazil workshop was jointly organized and facilitated by IEB (International Institute for Education in Brazil), in partnership with WWF-Brazil and IDESAM (Institute of Conservation and Sustainable Development of the Amazon), and a total of 35–40 stakeholders from various institutions (universities, NGOs, grassroots and indigenous organizations and government) attended the event. The focus was to reflect, exchange experiences and lessons learned about the strategies and tools related to protected areas (PAs) governance and regional infrastructure development and explore research projects to strengthen governance processes and regional socio-environmental development.



The organization of the Colombian workshop was led by Foundation for Conservation and Sustainable Development (FCDS) and linked five NGOs with active programs in the Colombian Amazon (Amazon Conservation Team, Fundación GAIA Amazonas, World Wild Fund (WWF), FCDS and Action Fund), as well as officials of the Ministry of Environment and Sustainable Development and the Ministry of Transport. A major objective was to generate agreements with territorial entities for the implementation of green road infrastructure guidelines, through a capacity building process led by the Ministry of Environment and Sustainable Development and the Ministry of Transportation.



The short summary of the participants profile from each mosaic hints that heterogeneity likely influences the results of the exercise. We acknowledge the biases of participants’ profiles and assume that implemented workshop tools were still able to capture the different perspectives at the time of the workshop. Furthermore, the primary role of UF GIA participants in the workshop was facilitation and promoting dialogue, while other participants contributed data information in the Pmap exercise.



Pmap was one of the key tools implemented in the workshops, as a mechanism to promote knowledge sharing and provide an overview of the temporal and spatial understanding of the study mosaics according to the participants. Specifically, Pmap was designed to enable participants to highlight areas of value and concern and suggest actions that could address their perceived concerns. The methodology used here is justified by the approach of place value and the simple and intuitive meaning of place perception within diverse population groups [69]. The mapping of place values often entails the inclusion of other spatial attributes or land use preferences such as resource extraction activities which determine important land use outcomes that might turn into concern issues for a specific stakeholder group.



In each mosaic, participants were divided into four to six groups of four to seven people; each group contained a mix of different stakeholders (Figure 4). Groups had one facilitator to explain and guide the activity, but who did not participate in the Pmap exercise. Each Pmap activity lasted around two hours and was divided in two main steps: (1) mapping of two smaller maps (i.e., maps A and B) and (2) a larger one. All the maps showed the same information, such as country borders, main rivers, protected areas and indigenous lands, roads and main cities. All groups were introduced to geospatial vocabulary, such as polygons, lines and features associated with individual drawings. Furthermore, all participants had an ice-breaker exercise to learn how to read and interpret maps pointing out features on the map as needed.



In map A, each participant drew at most three areas of value and explained why they were of value for them. The same process was repeated in map B for the areas of concern, plus they suggested some recommendations or actions to address those concerns. Participants used points, lines and mostly polygons to draw areas of concern or value, which might include communities, roads, rivers, protected areas, indigenous lands and other areas; each drawn object was identified with a unique number. The facilitators summarized in a flipchart the explanations associated with each drawing. At the end, the group discussed and elected one area of value, one area of concern and one recommendation from all the drawings to be then shared in the larger map in a plenary session with all groups to promote a group discussion.



Every Pmap exercise had a debrief with GIA facilitators to discuss the main challenges and opportunities of performing Pmap within and among mosaics (Figure 4). As the larger maps were just an extract of the smaller maps to share with the plenary, this paper only uses the results of the small participatory mapping exercise.



There were some differences in this process for Pmap exercises in two mosaics. In Bolivia, the first workshop, no areas of value were drawn, but this part was completed later by the key partner institution representatives. After the Bolivia Pmap exercise, an adapted improved methodology was used for the exercises in other mosaics. In Colombia, instead of making recommendations for the areas of concern, the participants listed general recommendations to address the pressures identified by the mapping exercise.




2.4. Textual and Geospatial Analysis of Pmap Responses


We organized all information collected from the Pmap in tables, grouping the responses associated with each object drawn into categories to describe the areas of values, concerns and recommendations. Nine categories resulted based on political and biophysical elements cited by the participants (Table S2). In addition, we captured the reasons why areas were of value or of concern in the results table. Categories and subcategories were then assigned keywords after a consensus among co-authors was reached. Two categories (Environmental and Social) and ten subcategories were defined to explain areas identified as of value and four categories (Resource Extraction, Infrastructure, Environmental and Socio-economic) and twenty sub-categories for the areas of concern (Supplementary Table S3). Summaries for all sub-categories are presented per mosaic.



The recommended actions provided for the areas of concern were categorized following the IUCN–CMP Unified Classification of Conservation Actions Needed (Version 2.0; Supplementary Table S4). The IUCN–CMP classification represents sets of actions that are proposed to reach a project’s objective to help conservation practitioners to identify the actions needed at their site and facilitate cross-project learning and development of conservation science [70]. All recommendations were linked to the areas of concern, after which we counted the frequency of categories and subcategories of concern linked with the recommendations.



All areas of concern and value drawn by workshop participants were digitized in ArcGIS geospatial software, transformed to point, line or polygon features and coded with a unique ID. For each point and line, buffers were created followed by a shared discussion among co-authors and converted to polygons. For instance, if a point drawn represented a community, we created a buffer of 5 km. If a line drawn represented a road, we created a buffer of 10 km on each side of the road. We linked all textual data of categories and subcategories of areas of value, concern and recommendations to the drawing’s unique spatial feature ID. The spatial features were then clipped by the focal mosaics’ boundaries.



All spatial features were combined with the layers of Protected Areas (PA) and Indigenous Territories (IT) found on Amazon Georeferenced Socio-environmental Information Network-RAISG (https://www.amazoniasocioambiental.org/en, accessed on 14 September 2021). The number and area of value and concern polygons identified by workshop participants were summarized by PA and IT. We also summarized the tabular data to better understand how various categories and subcategories associated with areas of concern and value were represented within PA and TI both within and across the four focal mosaics.





3. Results


Textual Results


The areas of value identified among mosaics encompass mostly protected areas (Figure S1A). In Brazil, the areas of value covered mainly protected areas (38%) and administrative boundaries (29%), while areas of value in Colombia included mostly biological corridors (39%) and protected areas (31%); protected areas (61%) were the most commonly identified areas of value for participants in Peru and Bolivia. In Colombia, the most cited areas of value encompassed larger landscapes connecting Chiribiquete National Park with other protected areas (e.g., Chiribiquete–Macarena Corridor) and other landscapes such as the Amazon Piedmont. In Peru, the areas of value included Pacaya Samiria National Reserve, Tamshiyacu Tahuayo Mosaical Conservation Area, Abanico del Pastaza and RAMSAR sites, wetlands of international importance.



Regarding why such areas were mentioned, overall, environmental explanations delineated 33% of the “why” an area was considered to be of value, mostly due to their biodiversity value (Figure 5A). In Colombia these values represent 80% of all mentions, followed by Peru (40%), Bolivia (32%) and Brazil (18%). Social values totaled 67%, showing greatest importance in Brazil (82%), followed by Bolivia (68%) and Peru (60%), among which cultural/spiritual values and community forest livelihoods (timber and non-timber, agroforestry) were the most cited.



The areas of concern varied among mosaics, from mainly protected areas, infrastructure projects (i.e., roads and dams) to administrative boundaries (Supplementary Figure S1B). In Bolivia, the most important areas of concern encompassed rivers/watersheds (27%), administrative boundaries (21%) and dams (21%). The dams and rivers of most concern to the participants were Cachuela-Esperanza, Santo Antonio, Jirau and Ribeirao dams, and the Madera watershed and Madre de Dios River. In Brazil, areas of concern were mostly represented by protected areas (29%), administrative boundaries (22%) and roads (18%). The protected area of most concern was Bom Futuro National Forest, along with the protected area clusters of Boca do Acre, BR-230 and BR-319 highways. In Colombia, the areas of concern encompassed larger landscapes (41%), similar to areas of value that contained protected areas, forest corridors and piedmont. In Peru, administrative boundaries (28%), protected areas (21%) and roads (19%) were the majority of areas of concern. Roads, such as Iquitos-Saramiriza highway and protected areas such as Alto Nanay Pintuyacu Chambira Regional Conservation Area were the most frequently identified by participants.



For why the areas of concern were mentioned, the category of major concern was resource extraction (31%), among which mining and agricultural activities were the most cited (Figure 5B). Mining was especially noted in Colombia (33%). The second category associated with concerns was socioeconomic (27%), especially in Brazil (33%) and Colombia (33%). The socioeconomic subcategories most mentioned included land conflicts (39%) and cultural impacts (19%). In Brazil, land conflicts represented 52% of all socioeconomic concerns. Environmental concern was the least important category mentioned overall and accounted for only 2% of concerns in Colombia; however, in Peru, environmental reasons were the most commonly cited explanation for areas of concern (32%). The infrastructure category was of most concern for Bolivia (30%), specifically the subcategory of dams (Figure 5B).



In 20 polygons, infrastructure and socioeconomic concerns appeared together, whereas socioeconomic and socioenvironmental concerns were mentioned together in 19 polygons. For the 43 polygons mentioning dams as a concern, 19 of them also mentioned other concerns, mostly socioeconomic (67%), including flooding impacts in Bolivia and/or Brazil. For the 28 polygons mentioning roads as a concern, 24 other concerns also were mentioned, especially concerns related to agricultural and cultural impacts that together represented 40% of all concerns mentioned.



Table 2 summarizes the identified number and area of Protected Areas and Indigenous Territories as “areas of value” or “areas of concern” in participatory mapping exercise in each mosaic. For example, 8 polygons (16% of total polygons) were identified as areas of value within the Protected Areas in Bolivia; these 8 polygons accounted for 11,000 km2 or 10% of the total land area within Protected Areas. As another example, 150 polygons in Colombia were identified as areas of concern within indigenous territories making up 58% of the Indigenous Territories area.



Most of the values identified by participants in Colombia were related to the environment in both ITs (85%) and PAs (70%), while in Brazil, values identified were mostly social for both ITs (76%) and PAs (84%) (Figure 6). In Peru and Bolivia, participants identified both social and environmental values more evenly in ITs and PAs. Regarding concerns in PAs and ITs, the distribution of categories within a mosaic closely matched between PAs and ITs, as it did for values. Resource extraction was frequently the most mentioned concern across mosaics, while concerns regarding infrastructure were considerably less important, except in Brazil where it accounted for 24% of concern in PAs; infrastructure was not mentioned at all in Colombia. Environmental concerns were more prevalent in PAs and ITs of Bolivia and Peru, while socio-economic concerns emerged as important in Colombia with little or no environmental concerns identified (Figure 6).



Recommended actions varied across mosaics with 100% of areas including recommendations in Brazil, 65% in Peru and 40% in Bolivia. For the 132 drawings with recommendations, a total of 250 recommendations were mentioned, of which 49% of the drawn areas had one, 27% two, 10% three and 14% four recommendations. Most recommended actions mentioned by participants included Research and Monitoring (CMP 8) and Livelihood, Economic and Moral Incentives (CMP 5) (Figure 7). The most common recommendations linked to CMP 8 included: research on the impacts of development projects (i.e., roads, dams, mining) on the environment before the projects are implemented, more rigorous environmental impact assessments and ecological and social research within protected areas and indigenous territories. The CMP 5 recommendations encompass strengthening Amazonian communities and local organizations, promoting investment and supporting sustainable economic activities, productive (i.e., family-based agriculture) and cultural activities, and reappraisal of local culture and tourism.





4. Discussion


Overall, the Pmap results show that participants were concerned with many environmental and social aspects within the focal mosaics. Our findings also highlight the central roles that protected areas and indigenous territories play in terms of areas of value and concern in all mosaics. An apparent exception is for valuing Bolivian protected areas, in which less than a third of such areas were reported to have value by participants at the workshop (see Table 2). In contrast, concerns for these Bolivian areas were among the highest.



Brazil had the least environmental values listed, perhaps because there are many social and socio-economic issues at stake with increasing investments in infrastructure [71] and decreasing human and land tenure rights for traditional and indigenous populations in the current administration [58,59,60,61,62,63,64,65,66,67,68,69,70,71,72]. The weakening of environmental regulations seemed to motivate participants to reinforce the social values and concerns related to agricultural, hydroelectric dam and road expansion, as well as issues related to flooding, cultural impacts and land conflicts.



In Colombia, however, participants highlighted the importance of environmental values (80% vs. 20% socio-economic), but virtually no environmental concerns were mentioned. This result might be explained by the fact that many participants worked in and recognized the “green infrastructure” which establishes environmental corridors and protected areas [73]. Since the post-conflict transition, Colombia has followed approaches for advancing infrastructure projects and encouraging economic expansion in the Amazon while also considering environmental conservation and protection of indigenous territories [74]. Colombian concerns were mostly related to natural resource extraction (mainly mining) and road and agricultural expansion; these concerns do impact environmental values and reflect the current situation of Colombian Amazon with intact forests being targeted for resource extraction [75]. Among social concerns pressing governance attention are continued and renewed land conflicts and narco-trafficking [76] as cited by participants at the workshop.



The concerns raised in Bolivia focused on infrastructure (mainly hydroelectric dams), which reflect the current situation regarding the planned bi-national dam located on the Brazil–Bolivia border, as well as recent impacts on riverine livelihoods related to floods of two dams operating on the Brazilian side. Many workshop participants are professionally engaged or live in the northern Bolivian Amazon (where operational and planned dams are located). That said, Bolivian concerns derive from issues beyond its borders highlighting the relevant cross-boundary perspective and understanding on common impacts.



In the case of Peru, value and concern categories were evenly distributed among environmental and social categories. This could be due to the diversity of stakeholders participating in the Pmap exercise (i.e., eight major stakeholder groups), each of them providing their own perspective on the topics addressed. However, this could also reflect the understanding of how environmental and social subcategories are closely intertwined. For instance, a community representative of the Pucacuro National Reserve identified that the value of this protected area relied on the conservation of wildlife and fish in order to sustainably manage these resources and support their community. At the same time, resource extraction concerns characterized by illegal logging and mining are extensively emphasized. NGOs tend to draw their attention toward deforestation and land conflicts, which were also mentioned.



Overall, the results of the Pmap exercise reveal a cross-comparison of current concerns within protected areas and indigenous territories as well as the need to account for their values. The results capture the current socio-economic and environmental approaches enforced by current political mandates in different Amazonian countries as well as the loud voices of grassroot and environmental defenders to protect land rights and territories and resource use and access.



In this sense, we acknowledge the effectiveness of Pmap as a tool for improving environmental governance, nonetheless with some caveats or limitations. Collection of qualitative and quantitative spatial data in participatory mapping exercises provides valuable information from local stakeholders in a short period of time and engages participants in an open space to reflect and get feedback from others. While other data collection tools like surveys or questionnaires also can provide key insights to researchers, these interviews are more time consuming and do not necessarily provide opportunities for discussion among participants. Despite the time advantages, the use of Pmap needs to consider the following conditions that may limit interpretation. In our Pmap exercise, the workshop organizers controlled the composition of participants. A recommendation would be to conduct prior analysis of the profile, interest and experience of each workshop participant to permit evaluation on representativeness and how the interest of the (individual) workshop participant might influence the result. The data collected during workshops and interviews are an expression of participant’s experiences, perceptions-interest and biases, meaning that our data do not fully represent all social actors in the territory at stake nor fully all project actions and challenges. We were aware of this fact and agree that the results reflect entirely the views, perceptions and interests of the (individual) participants. Although these biased caveats occur in all mosaics, results do still reflect realities of ground-based local actors. A solution is to identify subregions of interest and to replicate the exercise in these areas if funds and time allow and without compromising the quality of the process.



Having said this, we found that the Pmap exercise did further facilitate discussions among stakeholders that are often not well represented (e.g., indigenous communities) and such participants were able to record their concerns, interact and learn from other participants and provide new insights for their own or shared agendas. Studies have shown that group mapping not only allows participants to raise their concerns but also can contribute to strengthening community connectedness [77]. This is particularly relevant for a CoP-L that aims to build high levels of trust among its members. The Pmap discussion in Colombia provided important feedback to continuous development of shared agendas. For example, the areas of high concern and value (expressed by indigenous leaders) were selected for consideration of the implementation of the green road infrastructure (IVV, for Spanish, ‘Infraestructura Vial Verde’) that involved the participation of various and diverse CoP-L members (government and NGOs).



Spatial tools and developing maps in a fully participatory process is itself empowering, builds capacity, facilitates local involvement in decision-making processes and community advocacy [43,78]. The latter is accomplished by providing the skills and expertise required to create maps themselves and visualize local spatial knowledge on maps [79]. A limitation was the reduced amount of time for this skill-building activity within the GIA workshops. Nonetheless, it is valuable to highlight these capacity-building opportunities whenever using spatial tools with local or underrepresented communities. Furthermore, confronting perceptions (value and concerns) with technical information is an interesting challenge and this exercise offers the potential to provide feedback to both perceptions and knowledge. Overall, improved inclusive strategies should entail more in-depth capacity building and dialogue activities. Our Pmap exercise did not include an extended space for discussion nor a validation of results due to time constraints. Our Pmap activities could be improved by including not only participation in the workshop, but also participation in interpretation of results. We see this type of post Pmap activity as a crucial future improvement component for learning and discussion of local perspectives.



The project did however create an applied ArcGIS online interactive map platform that integrates geographic features of value and concern layers digitized from each participant’s intervention (https://giamazon.org/analysis/ accessible to view and download, accessed on 14 September 2021) The online platform could give continuity to a more profound discussion within each mosaic on the relative importance given to different concerns or the superposition of values and accumulation (cumulative impact) of concerns, a task this Pmap exercise was not able to provide.



Spatial participatory tools claim to foster accountability and other governance dimensions such as legitimacy, participation, respect for rights, empowerment, equity and competence [78]. We believe that by sharing local-knowledge-driven data and strengthening multi-actor dialogue and collaboration, this novel approach can improve day to day practices of CoP-L members, reduce the ambiguity and subjectivity of interpreting place values, and ultimately improve the transparency of infrastructure planning and good governance. In our exercise, the type of data collected has the potential to focus on the synergistic and cumulative impacts of infrastructure. For example, further discussions could lead to identifying knowledge gaps and opportunities among stakeholders. In Brazil, different NGOs and other partners (e.g., universities) working in the mosaic could develop a platform for outreach and information purposes, such as the Amazon Geo-Referenced Socio-Environmental Information Network (known as RAISG, from its Portuguese initials) or the BR-319 observatory (http://www.observatoriobr319.org.br/, accessed on 14 September 2021) but focusing on the mosaic as a whole or areas of action for each NGO. Therefore, more in-depth analysis and regional perspectives of the challenges affecting the Amazon region related to governance and infrastructure are needed. The first step has been the Pmap exercise.




5. Conclusions


We believe that the structure of the workshops enabled a trustworthy environment among participants to assess and share the value of locations that were collectively important. Despite the participants’ bias effect, we feel the use of Pmap not only allowed for more accessible spatial representation of local areas of value and concern but enabled a comparison of perceptions among four mosaics. The differences in perceptions among mosaics might be used as input for the development of more efficient internationally coordinated and internationally articulated infrastructure governance efforts. The Pmap was not the end of the consolidation process in this specific case study but the beginning for expressing and advancing an agenda fortifying environmental governance. This novel approach can improve day to day practices of CoP-L members and, therefore, the transparency of infrastructure planning and good governance.
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Figure 1. The four study mosaics in western Amazonia in Bolivia, Brazil, Colombia and Peru. 
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Figure 2. Pmap flowchart of exploratory sequential mixed-method design. 
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Figure 3. Composition of workshop participants in each mosaic classified according to major stakeholder groups. The total number of participants is given by “n”. UF GIA represents students and faculty from the University of Florida associated with the GIA project. 
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Figure 4. Photos during the Pmap exercises in Bolivia (top left), Brazil (top right), Colombia (bottom left) and Peru (bottom right). Faces are blurred for anonymity. 
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Figure 5. “Why” explanations for areas of value (A) and concern (B) within the four mosaics. The categories are represented by the following shade of colors: purple (Resource Extraction), brown (Infrastructure), green (Environmental), cyan (Value-Social/Concern-Socioeconomic). The number of polygons (n) per mosaic are in parenthesis. 
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Figure 6. Counts of areas of value (top) and areas of concern (down) per category for each ITs and PAs. 
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Figure 7. Percentage of recommended actions (CMP) cited by participants within all 4 mosaics. Recommendations for Colombia were not explicitly associated with the areas of concern polygons. 
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Table 1. Characteristics of the four focal mosaics.
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	Bolivia *
	Brazil
	Colombia
	Peru





	Total area (km2)
	330,383
	393,008
	376,211
	374,985



	National Protected Areas (km2)
	104,210
	192,070
	101,355
	89,236



	Indigenous Areas (km2)
	97,305
	63,254
	196,054
	106,553



	Total population
	683,996
	963,112
	1,411,079
	1,049,364



	Indigenous population
	48,462
	15,818
	At least 168,065
	105,900



	Main cities
	Riberalta, Guayaramerin, Cobija, Trinidad
	Porto Velho, Humaitá, Guajará-Mirim
	Leticia, Florencia
	Iquitos, Yurimaguas



	Dams (inventoried/built)
	4/0
	18/3
	1/0
	5/0



	Length of roads (km)
	2857
	8600
	7312
	86



	Cumulative deforestation 2019 (km2)
	17,369 *
	49,546
	40,029
	22,579







* Data for Bolivia mosaic excludes information from the Brazilian portion to avoid double counting.
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Table 2. Number and area of Protected Areas and Indigenous Territories that were identified as “areas of value” or “areas of concern” in Pmap exercise in each mosaic. The percent of total number or area of Protected Areas and Indigenous Territories represented are shown in parentheses (all values were rounded to nearest integer).
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Mosaic

	
Areas of Value

	
Areas of Concern




	

	

	
Number (% of Total)

	
Area in 1000 km2 (% of Total)

	
Number (% of Total)

	
Area in 1000 km2 (% of Total)






	
Protected Areas

	
Bolivia

	
8 (16%)

	
11.0 (10%)

	
49 (98%)

	
91.3 (85%)




	
Brazil

	
85 (87%)

	
168.4 (88%)

	
59 (60%)

	
137.7 (72%)




	
Colombia

	
20 (62%)

	
67.7 (67%)

	
29 (91%)

	
54.2 (53%)




	
Peru

	
17 (89%)

	
81.9 (92%)

	
17 (89%)

	
89.2 (100%)




	
Indigenous Territories

	
Bolivia

	
15 (27%)

	
17.2 (18%)

	
36 (64%)

	
90.5 (93%)




	
Brazil

	
47 (82%)

	
46.1 (73%)

	
40 (70%)

	
31.2 (49%)




	
Colombia

	
119 (71%)

	
76.9 (39%)

	
150 (90%)

	
114.6 (58%)




	
Peru

	
504 (75%)

	
89.3 (84%)

	
547 (81%)

	
105.2 (99%)
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