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Abstract

:

Participatory mapping is a tool for community work linked to natural resource management. It is an auxiliary for diagnosis and data acquisition from communities and their natural resources. In Baja California, there are several indigenous communities, some close to urban areas but still unknown to most people in cities as well as visitors. These communities are fighting to restore and maintain their language, tradition, territory, biological, and cultural diversity. This work was carried out by linking members of the indigenous community of San Jose de la Zorra with bachelor’s and graduate degree students, to obtain information on the biological, cultural, and economic activities of the community through participatory mapping. The learning experience was significant for all participants; although it was not the intention in this study, students had the unique opportunity to exchange information and learn culture and biodiversity from indigenous people. The indigenous community was involved in field data acquisition and the use of some information and communication technology resources developed for this approach, and used it for natural resource management and decision making. The main results of this experience were wide format printed maps that were placed on several sites inside and outside the community, digital mapping that gave information about natural, cultural, and economic resources of the community for local and foreign visitors, and technology transference to solve problems identified by the community.
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1. Introduction


The Kumeyaay ethnic group is one of 15 ethnic groups of the Yuman ethnolinguistic family and one of the 3 ethnic groups found in the binational Region California, USA and Baja California, Mexico [1,2]. The Yumans came to that region from a series of migrations from the north to the south, entering the Baja California peninsula in a period that comprised from 2500 to 600 years ago [3,4,5]. While Yumans cannot be considered the first settlers of Baja California, they can be considered to be the ethnic groups that prevailed in the region since ancient times. One of the fundamental reasons why they endured in the region is their ancestral way of life. Originally, they were groups of gatherers who moved through the rugged terrain of the region, following the patterns of migration and reproduction of animal and plant species [6]. The resources they utilized were animals such as deer, bighorn sheep, rabbits, rodents, and reptiles, as well as marine products and plants such as acorns, nuts, pine nuts, and agave [7]. This gave these groups the ability and capacity to survive in vast territories, since pre-Hispanic times to modern times.



The lifestyles of the Kumeyaay tribes and their traditions were affected by different historical processes that had significant demographic, sociocultural, and economic impacts [8].



Today, the Kumeyaay live in sedentary communities and traditional activities are largely replaced by wage-earning economic activities on the nearest ranches, ecotourism activities inside their communities, and temporary employment activities promoted by government entities [1,9].



Considering the above, a revaluation of community traditional knowledge is important to promote current productive economic activities and make them compatible with sustainable development, since some activities, like basketry, are based on the extractive use of natural resources in its limited territory. Spatial, accurate, and reliable information is a crucial element in achieving sustainable development [10] and with that, the deep relationship that the Kumeyaay have with their natural environment allows for obtaining an in-depth knowledge of their environment and the precise spatial location of elements of that environment.



Participatory approaches are widely used to rescue traditional knowledge in rural and indigenous communities. These approaches have their origins in the 70’s with a methodology called Rapid Rural Appraisal, which evolved in Participatory Rural Appraisal (PRA) [11]. PRA acknowledges local knowledge and, more importantly, encourages local participants to play a crucial role in the research process [12]. Of all participatory methods, participatory mapping is the most widespread, and it is now considered to be an area of study in its own right [13,14,15].



For the past two decades, these approaches are widely used in different contexts, and there are several mapping-based approaches with changing terminology, over time [16]. Currently, most are commonly referred to as participatory mapping [17]. This method promotes local participants’ autonomous decisions and allows them to control mapped spaces, challenging political limits and altering land-use categories [18]. The promotion of these autonomous decisions is labeled as an empowerment process of locals, because they made those decisions and transformed them, based on their perspectives and desired outcomes [18].



In general terms, participatory mapping approaches are proven to be important in recovering traditional knowledge [19,20,21,22]. In this context, participatory mapping approaches help identify place values and thus identify attitudes towards land use and potential conflicts [16,23]. Moreover, participatory mapping was proven useful for the management and conservation of natural resources by improving the decision-making process [24,25,26] and exploring landscape values for conservation planning processes [27,28,29]. Additionally, these approaches are useful in increasing public participation [30,31] and in promoting various governance dimensions [32,33]. Some other efforts manage to incorporate several dimensions in the same mapping effort, such as ecotourism practices like socioeconomic activity and biodiversity evaluations [34].



There are several new approaches to participatory mapping, including digital mapping technologies [35,36,37]. Although these approaches are considered participatory mapping, they are based on a new way to collect and represent spatial data in different formats. Thus, new paradigms and theoretical constructs that embody this new way to see cartography are growing [38,39,40,41].



Participatory processes were developed in Kumeyaay communities to map plant species distribution and assess their conservation status [9,25,42,43]; for the diagnosis and training of the community [42]; for the mapping of forest pests, and the construction of a cybercartographic atlas for natural resource management decision-making [35]. Nevertheless, every effort was made to incorporate several dimensions into one analysis, such as cultural, biodiversity, and local economy.



We describe a participatory mapping process based on community mapping in the Kumeyaay community of San José de la Zorra, this community already developed participatory processes [9,25,42,43]. The community economic activity is based on the use of resources for the elaboration of artisanal crafts, and they want and need to publicize its activities and its location to take advantage of the tourism. The mapping results allowed to locate important natural, cultural, and economic resources. From them, several proposals were made for solutions to problems identified by the community through technology transfer processes, for the proper management of natural resources and the management of water supply sources that sustain the life of the community.



This paper is structured into five sections. Section 2 presents the materials and methods and includes a brief description of the case study area and the methodological approach, where the learning community was integrated, based on participatory mapping and knowledge dialogue. Section 3 presents findings, including results of two participatory community mapping efforts and the results of technology transfer based on said results. Section 4 assesses and discusses findings. Lastly, conclusions and suggestions for recommendations and further steps are presented in Section 5.




2. Materials and Methods


2.1. Case Study Area and Community


Historically, the Kumeyaay territory had its southern boundary in Santo Tomás, Baja California, Mexico; its northern border in Escondido, California, United States; its eastern boundary in the Sierra Juarez Mountains in Baja California and its western boundary on the Pacific Ocean coasts in both countries [2]. The Kumeyaay nation was organized into family clans or “chimules” occupying specific territories and were led by a centralized authority called “kwaipai”. Each clan was made up of about 100 people and the internal organization was patriarchal and exogamous, i.e., the clan followed the direct family line of male parent or relatives and the men formed marriage alliances with other clans. It was under these sociopolitical and economic characteristics that the Kumeyaay clans survived within their territory for hundreds of years.



San José de la Zorra is one of the three Kumeyaay communities settled in Baja California (Figure 1). This community, in addition to seasonal hunting and harvesting, typical of the Yuman tribes, developed more complex traditional practices. These included controlled vegetation pruning to promote growth and a proto-agriculture system that was based on controlled burning of vegetation patches and the redirection of water tributaries, by building canals [44,45]. One of these ancestral activities, today perhaps one of the most emblematic Kumeyaay activities, is the production of plant-made artisanal crafts. Historically, spiny rush and willow baskets were used to collect and store the seeds of vegetation they used as food. The Kumeyaay possess an important body of traditional knowledge that allowed them to interact with their environment and establish their forms of sociopolitical and economic organization.



Despite the inherent transculturation process, Kumeyaay communities preserve various traditional activities, such as crafting and plant harvesting for medicinal and traditional purposes. These practices were embedded in the economic dynamics of communities and often represent the only income for Kumeyaay families. These communities are considered to be marginalized because they are historically excluded from the mainstream social, economic, educational, and cultural life; remain oblivious to regional rural development processes; and are often not considered in regional development policies. Likewise, the current legislative framework does not provide the necessary tools to ensure the exercise of its traditional knowledge and activities to ensure economic and social development [39]. As a result, its fledgling economic activities have little visibility, despite being settled in the Guadalupe Valley, a region with more than 35 wine houses, and receives more than 50,000 visitors a year, due to its wine and gastronomic activity.




2.2. Participatory Mapping and Research: General Approach and Process


The natural resources mapping occurred in the context of a participatory development process carried out through various workshops [9,42,43]. For thematic maps development, the community indicated the need to spatially locate plant resources that are important for handicrafts and their conservation status. Participatory data compilation and analysis was developed through the knowledge dialogue and the construction of a learning community approach [42,46]. In mapping sessions, instructors and community members engaged in learning, so the community learned and contributed their knowledge for the development of thematic maps, while the instructors learned and demonstrated aspects of community culture, such as words and linguistic expressions. This participatory mapping process consisted of six stages (Figure 2), based on a previous work with this community [42]. All stages were sequential and required the participation of community members and academia, always with expressed consent for participation and with the commitment to return the information products to the community. These stages were as follows.



1. Preparation. The academic-technical team was formed, the team was organized according to the participants and their profiles; the agenda was developed and established based on the work that would be carried out in the community.



2. Information. A first meeting was held with the community, and the objective of the work was stated; the forms and participation schedule, and the products to be obtained were agreed upon. This stage might require two sessions.



3. Training. In this stage, the learning community began to form, and knowledge dialogue was promoted. Interexchange and community self-evaluation occurred, and there was horizontal and open communication between all parties. Here, the main technical skills, community problems, and needs were examined.



4. Mapping and Research. The acquired knowledge on previous stage was used either by collecting field data, making physical thematic maps, or applying group discussion and consensus techniques. This was the data generator and participatory research activities stage. Interdisciplinary team members use a GPS for data acquisition; digital data collection forms on smartphones; physical maps; digital cameras, and any available and previously learned tool in the training stage.



5. Integration and Analysis. The information obtained in the previous stage was synthesized, shared, and confirmed. Not only to inform, but rather to analyze and draw conclusions. Generally, the technical team synthesized and presented, the community confirmed and analyzed, and conclusions were reached together.



6. Products. At this stage, cartographic products were generated, presented, and verified. Additionally, decisions were made for resource management, conclusions were formalized, and possible future works were also established. This was an important step to make commitments for new problem-solutions approach.




2.3. 1st Participatory Mapping and Research Process for Important Basketry Plant Species


On this 1st participatory mapping and research effort, twenty community members and technical team (three students and a professor) participated in the bench and field work. The community mapping process was based on a satellite image with the community boundary printed on wide format paper, with dimensions of 70 × 95 cm (width × height) and a translucent paper of the same dimensions over it, so the community boundary, the terrain, and objects in the satellite image were observed and used as reference for the community mapping process. The community members could then draw the thematic maps with color markers on the translucent paper. One of the sessions consisted of a digital mapping using Google Earth, where the community members located their houses and the main roads. These digital layers were combined with the physical maps. The final thematic map layers represented location of houses and cultural, economic, and social importance sites, as well as ubication of current and historical harvest sites for plant resources such as spiny rush (Juncus sp.) and willow (Salix sp.).



Once the thematic maps were generated, a participatory research process that included field data collection, confirmed the location and available volumes for each plant species in several areas of the Kumeyaay community of San José de la Zorra. This process was carried out by 4 community teams, and 5 community zones were evaluated within the territory. Each community team was trained for field data collection, GPS use, and data analysis. In each zone, width and height measurements were taken for each of the plant species. Band sampling, with sampling units of 3 × 20 m separated by 50 m between each sampling unit was used for willow sampling. Circular sampling units of 5 m radius were used for spiny rush, separated by 50 m between each unit. Each of the sampling unit of both spiny rush and willow were georeferenced. Subsequently, participants calculated the available biomass volumes of spiny rush and willow in the five areas evaluated and the results were indicated in the thematic maps previously developed. For cartographic products used in the decision-making process for the management and conservation of plants species, see [25] for more details. Once this process was completed, the maps were printed, so all community members and visitors would locate the conservation and restoration, and use areas for plant species, as well as the historical and current sites of spiny rush and willow harvest sites. The process and results of this first mapping effort were extensively reported in this same special issue [25].




2.4. 2nd Participatory Mapping and Research Process


A second participatory mapping effort was carried out through a group mapping, where 51 people participated, including 12 community members who accompanied each technical team collecting community data. Thirty bachelor and eight graduate students, and the professor of cartography and Geographic Information Systems from the Faculty of Sciences of the Autonomous University of Baja California (UABC) visited the Kumeyaay indigenous community of San José de la Zorra (SJZ), Ensenada, on March 24 and 25 of 2018. The purpose of this visit was to compile data on cultural, economic, and biodiversity aspects, through participatory mapping and community member validation. Mapping activities were divided by specific topics, as well as routes for field data collection within the community. Several teams were formed according to the interests and knowledge of each area and topic under study. On this two-day field work, each team performed the activities described in Table 1 and the community members were always present, helping in obtaining field data, validating, and authorizing the data recorded.



Each team had a GPS, camera, and a digital data collecting form using the KoboCollect application in their smartphones, with which the field data was collected, and the geoinformation database was automatically integrated. The fields in the databases were filled according to the mapping theme (Table 2).



Subsequently, the geoinformation database was analyzed, and duplicate records and those with incomplete information were deleted. Using the QuantumGIS program, vectors of points and routes of each theme were generated, and with them and through the ESRI platform Story Maps, a cyberatlas was created, encompassing the three mapping main themes, using a visual format with photographs and audio files. In addition, with the same field information, digital and physical mapping products were developed that tell the history of the community and its current activities.




2.5. Application of Participatory Mapping Results to Solve Community Problems


2.5.1. Development of a Solar Dryer for Basketry Plants


After the 1st participatory mapping work and the results of the analysis of basketry plant stocks, which is widely reported in [25], the community understood the importance of conservation and good postharvest handling of basketry plants. For this reason and through a request to the Technological University of Tijuana, several participatory work sessions were held in the community to document the plant drying problems, decide the possible solutions for the development of a solar dryer prototype, community training for the development of their own dryers, the location of dryers according to solar radiation conditions, orientation, terrain, associated infrastructure, logistics of harvesting, transporting, and storing of plants, in order to guarantee an optimal raw material for the intended use. All this work was based on the participatory mapping and research process described (Figure 2).




2.5.2. Water Sources Sampling and Analysis


Another important aspect is the adequate management of the water resource, based on the knowledge of the water quality of the wells used as the main source of water supply for the community. This is crucial because there are no drinking water supply services in the community, the water source comes from the extraction of groundwater that is used without any treatment, and there are also no sewer systems, so human waste disposed in septic systems and latrines represents a source of biological and chemical contaminants for groundwater [47,48,49]. This poses a public health risk, given the possible presence of pathogenic organisms, which compromise the quality and safety of the water [50,51]. After the 2nd participatory mapping conclusions, and by request of and participation of the community itself, we carried out a participatory research project to analyze physicochemical and microbiological parameters of water in the community; we followed the previously described process (Figure 2). Participatory sampling of 24 water wells, located on an approximate 450 Ha, was carried out on the basis of the results of the second participatory mapping. This sampling involved 12 people from the community, and 45 students and five professors from the environmental technology, renewable energy, and biotechnology careers of the Technological University of Tijuana (UTT). Each water sample was evaluated in situ (pH, temperature, and electrical conductivity) and then transported and analyzed in the UTT laboratories. The physicochemical parameters evaluated were hardness, total dissolved solids, chlorides, and sulfates. The presence of pathogenic organisms was determined through total and fecal coliforms, within 24 h after collection, using the NMX-AA-042-SCFI-2015 [52] method. The determination of fecal contamination indicator of microorganisms showed if the water was contaminated with fecal matter and represented a risk for diseases caused by enteropathogenic organisms [53].



The results of the analyses were compared with the quality criteria for drinking water, established by National regulations [54]. A map was developed to present and make available to the community the water quality information, indicating the condition of each water well through a color system, according to the permissible maximum limits established for the parameters evaluated.






3. Results


3.1. 1st Participatory Mapping Process


The first participatory community mapping (Figure 3) allowed the San Jose de la Zorra community to make four general thematic maps with the location of houses and cultural, social, and economic importance sites (Figure 4). These maps show the location of the houses of each of the families of the community and public interest sites such as schools and churches. In a subsequent workshop, the community developed four thematic maps for productive activities, with the precise polygons of natural resources harvesting sites associated with productive activities within and outside the community, such as livestock, agriculture, and historical spiny rush and willow harvest sites, as well as the location of current harvesting areas for both species. Spatial and quantitative analysis of field data through participatory sessions, indicated that some areas were being overexploited (lower biomass) and allowed the community to conclude that it was necessary to implement resource management actions through the development of a community management plan, based on the rotation of spiny rush and willow harvest areas and other simple management rules [25].



Another aspect derived from the interpretation and discussion of the 1st participatory mapping results was that the post-harvest management of plant material was not adequate, since more than 20% of the biomass collected was lost in the drying process, thus the need to implement a solution to improve the process and reduce or eliminate loss of plant material arose. It was also necessary to make the harvest 100% effective, and therefore more sustainable. This led to the participation of researchers from the Technological University of Tijuana, who developed a solar dryer that they installed in an ideal location, considering the conditions of solar radiation and orientation, according to the terrain and associated infrastructure (Figure 5).




3.2. Implementation of Solar Dryer


The results of the implementation of the dryer, reduced the drying from up to six months to 4 weeks, obtaining a product with the characteristics of humidity, resistance, color, and malleability, necessary for its use in the elaboration of baskets by the artisans of the community. Once the efficiency of the dryer design was evaluated, members of the community were trained to develop their own dryers. In this activity, the training of five artisans who built and used their dryers was achieved during a period of two weeks, in which the efficiency in the drying treatment was documented, based on the analysis of the texture and humidity of the material.




3.3. 2nd Participatory Mapping Process and Databases


Data collected (Figure 6) through the mapping and participatory research process is presented in the Supplementary Material Tables. All locations were recorded using geographical coordinates and horizontal Datum WGS84, but in this work all locations were omitted to maintain the confidentiality of community information. The Supplementary Table S1 presents biodiversity data, including species name, common name, and its cultural use.



A total of 49 species were recorded, 14 corresponded to plants, 4 to fungi, and 31 to species of fauna (three amphibians, three arthropods, three mammals, five reptiles, and seventeen birds). A total of five types of uses were documented—food, ceremonial, artisanal, medicinal, and utilitarian. Of the total registered species, 17 have diverse uses, 10 species are used as food, and two species are used in ceremonial activities or rituals. Oak (Quercus agrifolia) is the species with a higher record of uses like food, artisanal, utilitarian, and ceremonial (Supplementary Table S1).



The Supplementary Table S2 showed the demographic and cultural data. This database contained gender data, the number of speakers of the Kumeyaay language, whether they were native to the community or not, and whether any artisan, dancer, or community members lived in the recorded house. According to field data, there were 31 houses in the community, inhabited by 122 people, 59 women, and 63 men. Only 47 people were Kumeyaay speakers; artisans lived in 15 houses, and Kumeyaay dancers lived in four houses.



Information and spatial location were also obtained from public and cultural places, and whether it was a ceremonial, historical, or public place. One ceremonial site, two historical sites and six sites for public or common use were registered ( Supplemental Table S3).



Lastly, the economic data were compiled by three sub-themes—agricultural, commercial, and livestock activities (Supplementary Tables S4–S6). Data compiled through participatory mapping indicated that there were 10 farmers planting around 10 plant species in the community, both in greenhouses and in traditional agricultural fields; most of its production was marketed outside the community. There were nine people who were dedicated to intensive and free cattle and goat farming, products of this activity were for the outdoor community markets. Some community members owned equine cattle, which were generally used as service animals. In terms of trade, seven people traded food products, such as honey, cheese, fruits, and typical meals. In addition, some of them produced and traded wines and handicrafts, and one person was dedicated to ecotourism.




3.4. Cyberatlas


With all data from the mapping and participatory efforts, digital layers of geographic information about community biodiversity, cultural and economic activities were developed (Figure 7). Wide format printed maps were also developed about the location of environmental, cultural, and economic importance sites, such as including ecotourism, and commercial and cultural routes that would be visible to visitors (Supplementary Figure S1). This spatial data contributed to the visualization of the community of San José de la Zorra, as well as products and services offered. With these digitized information, two digital products were developed—the biodiversity, cultural, and social Cyberatlas for the SJZ community (Figure 8a), and the history of the SJZ community through maps (Figure 8b).



The Cyberatlas helped the community of San José de La Zorra to become known in social networks and was visible in the regional context, in addition to some aspects of its biological diversity. Photographs show common plants and animals in these areas, helping in the incipient ecotourism activities. It also included cultural sites, school locations, health centers, important community gathering sites and sites linked to their ancestral history. Economic activities were also shown, including livestock, crafting sites, and the location of the ecotourism center, a central site in the community with the largest influx of visitors (Figure 8a). The Cyberatlas is publicly available and a link is given in the Supplementary Materials.



The digital history of the community through maps describes the San Jose de la Zorra community as part of the Kumeyaay indigenous group; the history of its creation seen from its cosmogony, its interaction with the first European missionary groups and explorers, and the loss of much of its ancestral territory. The current story included how the name San José de la Zorra was born and the census data were made in participatory mapping. Currently, the economic activities focus on the elaboration of handicrafts and other products such as wine, cheese, and preserves. One of the arising important economic activities is the ecotourism center with cabin rental, camping, and recreation areas, as well as livestock and agriculture activities (Figure 8b). This digital resource also included commercial and cultural routes proposed for visitors (Supplementary Figure S1), which started at the ecotourism center. Link to this resource cold be found in the Supplementary Materials.




3.5. Analysis of Water Sources


As a result of the 2nd mapping effort, 40 water wells were registered within the community, samples were obtained from only 24 (Figure 9), the remaining 16 water wells were inaccessible for sampling or were abandoned. The analysis of the physicochemical parameters indicated that 15 of the 24 water wells evaluated had pH values within the limits set by the standards, five presented values within a range comparable to other water wells in the region, with pH values between 6.5 and 8 units [55]. Total dissolved solids (TDS) measurement, which is widely used as an indicator of groundwater salinization problems, showed values above the norms in seven of the samples analyzed. For all samples, chloride and sulfate levels were found to be within the limits set by the norms, and slightly lower than those reported in the region [56]; this could indicate low concentrations of organic compounds contamination in soils.



Finally, for the hardness parameter, concentrations were found below the norms level for the water quality criteria, so this was not considered to be a health risk. However, the microbiological analyses to assess the presence of pathogens in water showed the presence of fecal coliform bacteria (Escherichia coli) in 91% of the sampled water wells.



With the information from the analysis of the sampled wells, a water quality with basic information was generated that allowed the monitoring of water quality and its human consumption usage—red indicates a health risk; yellow indicates a health concern, and green indicates suitable for use without concern. This information, available as a resource in the Cyberatlas, would allow the community to know the condition of its water supply sources with time and promote treatment strategies that guaranteed access to a resource with optimal conditions for use and consumption, without compromising the health of the community’s inhabitants.





4. Discussion


The results of this work showed that community mapping is an important tool for recovering and communicating traditional and spatial knowledge. This is shown by the thematic maps produced by the community, as these reflect knowledge not only of contemporary socioeconomic aspects, but ancestral aspects such as traditional sites for harvest, and the location of sites of historical and cultural importance. This was consistent with other efforts where similar results were achieved in the recovery of traditional knowledge [19,20]. Therefore, we can ensure that the community mapping sessions were successful, and that the integrated learning process strengthened community interaction and goal development. However, it is worth emphasizing that community mapping was possible through the research and community participation process, which has a premise of recognizing the diversity of knowledge of all participants, strengthening collaboration, community self-evaluation, and the appreciation of community members and their knowledge. This is acknowledged in the third and fourth stage of the participatory mapping process (Figure 2).



Thematic mapping, physical or digital, aims to optimize the communication process, i.e., obtain the most information with the last effort. This communication approach produces an efficient graphic message and allows to spatially show, places, culture, traditions, and part of the life of a community [57].



This research bears obvious similarities to Bocco et al. [34] as it addresses diverse themes such as biodiversity, cultural, socio-economic, and health aspects. This mapping effort is multi-thematic and multipurpose, while other physical and local maps allow us to locate points of interest that can be found within the community, helping community visitors, and ecotourists. Digital atlases allow stakeholders, government, and visitors to locate the community, as well as its natural, cultural, and commercial resources. Several tools were used to acquire data, such as traditional mapping techniques and digital mapping apps like KoboCollect, similar to other digital mapping efforts [34,35,36,37]. Moreover, the acquired data are presented through various forms, such as printed and digital maps. Even though digital techniques to collect and present spatial data were used, this was clearly a participatory mapping effort because community was always involved in evaluating and validating all information. Thus, this information becomes theirs and for them. Nevertheless, we consider this research to contribute to theoretical constructs and new paradigms based on the collection and representation of spatial data on a wide variety of formats [38,39,40].



Historically, participatory mapping, is considered to be a useful tool in the fight for the rights and resources of indigenous and other minority communities [18,58]. Our study showed that when enabling the community to map landscape features located outside of the boundaries of the community’s polygon, as shown in Figure 4 and Figure 7, they acknowledge that some features of cultural importance, which were once within their traditional territory, are nowadays outside of their boundaries. However, they manifest established verbal agreements with current land owners to continue using and benefitting from those resources, mainly plant harvest for the elaboration of artisanal crafts. These agreements, and access to culturally important resources are important topics to include in future research. Moreover, it allows to build community aspects through a knowledge dialogue [46], in which community members actively participate in the construction of information. In addition to this, natural resource management plans could be more effectively applied, thanks to the aspects and perspective provided [59]. It also allows geographical visualization of their community; homogenize the internal, spatial, and social vision, as well as the sites where they obtain their resources, and contribute to resolve possible conflicts through resources or territory [60]. This is consistent with other works in which participatory mapping aided to evaluate place values and thus identify potential conflicts [16,23]. In contrast, the collection of geospatial information with other tools such as the use of aerial photography or satellite images, without the participation of community members, excludes them in defining the characteristics of their territory and its important structural elements, identifying problems, or even deciding on sites not accessible to foreign people, for example, reserving for themselves their sacred sites. The importance of these tools is based on the diversity and enrichment of research, since the community directly provides information about its natural resources, customs, culture, and way of life and livelihood. This integrates the characteristics of its culture and environment from the first source, which is otherwise impossible to obtain and use for community internal process and decisions. Physical and digital maps, were only possible with the community participation in fieldwork and sharing of its knowledge.



The development of maps with the participation of community members allowed for understanding the organization of the community space and how social, economic, and biological relations between its members are woven. They were also informative tools that made the community visible through stories, generated by the joint work between community members and field data collecting facilitators. In this sense, it was not only the location of objects in a physical space but also the representation of the perception of space and resources, as seen by its inhabitants. In addition, participatory research methods and results were similar, demonstrating that this type of research is applicable and replicable in rural and indigenous contexts. Participatory mapping also allowed for identification of problems beyond the geographical space, as happened in our study. The spatial location of water sources enabled for planning, sample collection, and analysis of water wells, with a focus on the health of community and visitors. According to results of water samples analysis and based on national and international regulations where the maximum level of pathogenic organisms in water for human use and consumption of public water systems is zero [54,61], the community’s water sources are over the maximum tolerance levels. Although there are no testing requirements, nor objective values for assessing well water quality, it is recognized that their proximity to septic systems poses a health risk [49]. The results of the physicochemical and microbiological tests were integrated into a map (Figure 9); green indicates if the water is safe to drink, mainly because both physicochemical and biological parameters were within regulations. Any site indicated with yellow means that it was not suitable to be used as a source of drinking water supply without prior treatment. This posed health risk through a visual and easy-to-assimilate indicator for the community. This information should be leveraged to determine those sources that pose risk to the community and encourage water well users to take steps to reduce the risks associated with the use and consumption of water from wells in poor condition; practices that are not currently followed since water is consumed directly from the water well. This proved that participatory mapping is a crucial tool for the decision-making process regarding natural resources, as it provides easy–to-use data to make an autonomous decision with common health implications [9,28,29,30,31,32,33,34,35]. We suggest continuing monitoring and presenting continuous results to the community and providing solutions for water treatment for an autonomous decision-making process led by the local community. The projects for technology transference carried out with the community of San José de la Zorra, were developed and implemented in order to address problems arising from the various needs in a rural region without access to basic public services, such as drinking water and sewer systems, which in turn provided the opportunity to promote the use of technologies to meet those needs, and solutions for optimization of plan artisanal crafts´ raw materials, on which its economy depended. This would not be possible without participatory mapping and decision-making. In this sense, the use of the solar dryer contributed a double benefit—the time in drying spiny rush for the elaboration of artisanal crafts was reduced; and the total biomass harvested could be used by eliminating the loss of raw material due to mismanagement, environmental factors, and damage by local fauna, making the artisans´ activity more sustainable and profitable.



The rapprochement with the Kumeyaay community was gradual. However, problem-solving proposals were provided to and readily accepted by the community. However, despite the good reception on their part, the real challenge was to achieve community engagement in the adoption of these practices.




5. Conclusions


This project demonstrated a regional unprecedent effort, where two higher education institutions collaborated for the solution of real problems in a rural community, through feedback between results and actions, achieving the development of the solar dryer and the analysis of water sources carried out. This was based on the results and analysis of the 1st and 2nd participatory mappings carried out. This could also be the beginning of a network academic–community collaboration. This is a good example of collaboration between community and academia for problem resolution through technological transference, based on community knowledge and information interchange.



The intervention process that took place in this project was based on the position of recognition of knowledge diversity of all parties, and clear and productive dialogue with community members, where all members were enabled to participate horizontally, internally in the community and abroad with the academic sector, which could provide solutions to community problems and needs, this is what we called the learning community.



It is critical for processes such as this that community members take a key and leading role in mapping aspects of their culture, economy, society, and biodiversity, through sessions based on a learning community. This allowed the community to gather data, analyze it, and as a result make decisions; to achieve sustainable use and development of a management program for harvesting the plant resources they use for artisanal crafts, with simple solutions such as rotating harvest areas and simple coexistence rules for community life, which were now visible on a map; and allowed to request water wells analysis and the solar dryer projects, which led to technology transfer to the community.



Technology transfer allowed to decrease plant material drying times and the obtention of a product with the necessary characteristics for its use in the manufacture of handicrafts, represents an important benefit. This is reflected in the improvement in the economy of the Kumeyaay community of San José de la Zorra and makes this activity more sustainable, because artisans are avoid raw plant material thrashing.



The diagnosis of water sources in the community bring to its agenda an important health issue, the results indicate that a solution must be found in collaboration with the academia allies. The community showed concern about this situation and interest in solving it. Hence, it represented a crucial element for the community-based decision-making process regarding a local health issue and a cornerstone for community–academia long-term collaboration.



This alliance between community and academia is the baseline for a long-term collaboration, with a view for community development through ongoing training, social organization, and spatial knowledge of its resources. Never before had the community produced a summary of environmental, social, cultural, and economic aspects, providing the opportunity for the community to be known through digital resources. This promotes linkage with the academic sector and establishes processes for the transfer and adoption of technology (use of GPS for mapping and field data collection). In addition, the maps generated, would be an information basis for future comparison for environmental, social, and economic conditions of the community, all through a participatory mapping process.



Participatory mapping is the most reliable and widespread participatory tool, and in this effort, demonstrated its robust and strong use as a didactic and auxiliary tool for learning community integration, technology transference, and natural resource management. It is crucial to recover and represent traditional knowledge, economic activities, use of biodiversity, cultural expressions, and represent all these in various formats, including printed and digital online maps, as generated by the Cyberatlas and the community story maps. With this tool, it is possible to approach community development strategies where spatial knowledge, social organization, and constant technical training are the basis for a success story. The Kumeyaay indigenous community of San José de la Zorra has the right conditions for a systematic and long-term application of this technique. Participatory mapping for natural resources uses knowledge as well as history and culture; sets an important precedent and adds importance to the conservation of the Kumeyaay culture in Baja California.
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Figure 1. Location of San Jose de la Zorra Kumeyaay Community. Figure shows the community limit polygon and its location related to Ensenada, Rosarito, and Tijuana municipalities and principal towns. It shows in macro localization the location related to the United States of America border. Source: Own elaboration. 
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Figure 2. General approach and process for participatory mapping and research. This process was repeated each time the different groups interacted for a new project or initiative. In this work, this was relevant, given that the products of the first mapping effort were the baseline for second participatory mapping and technological transference. Source—own elaboration. 
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Figure 3. Community mapping. (a) Community mapping process using satellite images, transparent paper, and color markers (b,d). Field data collection for plant species measurement and biomass calculation. (c) Digital Community mapping through Google Earth in the computing facility in UABC. 
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Figure 4. Community maps. (a) Map showing roads, streams, important sites, and ranches. (b) Map with the location of productive activities such as agriculture, livestock, spiny rush, and willow collection sites. 
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Figure 5. Solar dryer. (a) General scheme of dryer design. (b) Image showing the dryer installed and in operation for spiny rush drying. 
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Figure 6. Field data collection for participatory mapping. (a) Students and community members collecting information on vegetation. (b) Water sources sampling. (c) Data collection on agricultural areas. (d) Data collection on social and cultural aspects. 
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Figure 7. Digital layers of information developed to be used in the digital atlas using the QGIS software. 
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Figure 8. (a) Home page of the Cyberatlas showing the diversity of georeferenced flora and fauna in the community of San José de la Zorra. (b) Information layer derived from participatory mapping where the database is displayed, in this example, for agricultural sites. 
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Figure 9. Location of water sources in the community, where quality status is indicated with colors according to physicochemical and microbiological parameters. Red is health risk, yellow is health concern, and green indicates suitable for use without concern. 






Figure 9. Location of water sources in the community, where quality status is indicated with colors according to physicochemical and microbiological parameters. Red is health risk, yellow is health concern, and green indicates suitable for use without concern.



[image: Ijgi 10 00206 g009]







[image: Table] 





Table 1. Themed activities developed by each team.
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Mapping Theme

	
Activities Carried out






	
Biodiversity

	
Monitoring representative flora and fauna




	
Photographic record of the species found




	
Conversations with community members to learn about traditional knowledge and uses of biodiversity




	
Mapping plants and animals using KoboCollect application




	
Economic

	
Search for sites where economic activity is carried out (livestock, agriculture, commerce)




	
Photographic record of sites




	
Conversations with site owners to determine activities they do




	
Mapping economic sites using KoboCollect application




	
Cultural

	
Search for cultural and social relevant sites, as well as homes with cultural activity




	
Photographic record of cultural and social relevant sites




	
Conversations with community members who provide information of social and cultural relevance sites.




	
Mapping relevant sites in the community, as well as homes with cultural activity.











[image: Table] 





Table 2. Data fields in the digital data collection form for each mapping theme.
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	Biodiversity
	Economic
	Cultural





	Coordinates
	Coordinates
	Coordinates



	Biological group
	Type of activity
	Type of site



	Species
	Owner’s name
	Demographics



	Common name
	Regime (private—public)
	Site/person´s name



	Kumeyaay Name (audio)
	Use
	Use and description of the site



	Uses
	Type of production
	



	Photography
	Production market
	



	
	Species or product
	



	
	Temporality of production
	



	
	Photography
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