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The biocultural heritage of a region is developed and adapted after centuries of interrelationships between humans and nature. The endangered brazilwood [Paubrasilia echinata (Lam.), E. Gagnon, H.C. Lima, and G.P. Lewis] is a flagship species with cultural and economic importance that is directly affected by the history of human occupation on the Brazilian coast from the Portuguese colonization beginning in the 16th century onward. Despite its historical–cultural relevance, the lack of effective management and the anthropic pressure in coastal areas of the Brazilian Atlantic Forest (BAF; one of the terrestrial hotspots for biodiversity conservation) has led to the fragmentation of landscape connectivity and drastic degradation of the knowledge associated with biodiversity, including that of brazilwood, which also affects the biocultural diversity of the region. In southeastern Brazil, in the region of Cabo Frio, state of Rio de Janeiro, there are fragments of forest remnants with genetically ancient populations of brazilwood (possibly from the colonization period). The recognition of this valuable natural and cultural heritage induced the establishment of protected areas (PAs) in this region in 1986. Here, we studied how the increase in urbanization can affect the biocultural heritage of a flagship species even those close to protected areas. In nearby areas with populations of brazilwood, we interviewed residents from three communities, namely, Peró and Jacaré (municipality of Cabo Frio), and José Gonçalves (municipality of Armação dos Búzios). We conducted semi-structured interviews and free lists using visual stimuli to understand the current knowledge on this species. Thus, we verified socio-ecological dissociation, both inside and outside the PAs. This indicates a possible threat of losing the local knowledge network and the native populations of brazilwood in these areas, which consequently reveals the weaknesses of the current management models of the local PAs. Despite this, we showed that residents are interested in increasing local mobilization, awareness, environmental education, and reforestation actions aimed at the biocultural conservation of the species that gives the country its name, as well as that of the Atlantic Forest biome.
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INTRODUCTION

The increasing loss of biodiversity on the planet has been accompanied by the decline of local ecological knowledge (LEK) (Diaz et al., 2006; Cardinale et al., 2012; Aswani et al., 2018), which affects the biocultural heritage. The biocultural heritage of a region was developed and adapted after centuries of interrelationships between humans and nature (Rotherham, 2015; Bridgewater and Rotherham, 2019; Lindholm and Ekblom, 2019).

In coastal areas, one of the main causes of habitat loss and landscape change is the growth of urbanization. The migratory aspect of globalization has led to the intensification of plant circulation, hybridization, and/or LEK loss (Santos, 2007; Gesteira, 2013; Reyes-García et al., 2013; Emery and Hurley, 2016; Aswani et al., 2018). This has changed the way of life for traditional populations (Gandolfo and Hanazaki, 2011), through increased migrations, urban and peri-urban neighborhood establishment (Diegues, 2004), intensification of real estate speculation, and large-scale tourism (Pereira, 2010; Christóvão, 2011).

Since the beginning of European colonization (16th century) in Brazil, the Brazilian Atlantic Forest (BAF) has consistently been highly pressured by deforestation for economic development. Currently, the BAF houses the largest urban centers in the country (Dean, 1997; WWF, 2019). The BAF has covered more than 1.5 million km2 (Dean, 1997; Tabarelli et al., 2005; Rezende et al., 2018), which remains at 12.4% of its original area (SOS Mata Atlântica - SOSMA, 2019).

From this perspective, the exploitation of brazilwood [Paubrasilia echinata (Lam.) E. Gagnon, H.C. Lima, and G.P. Lewis], which is endemic to the BAF, is an emblematic case of a plant near extinction due to human pressure (Souza, 1939; Dean, 1997; Lima, 2009). Brazilwood is now a Brazilian flagship species (Heywood, 1995) with historical, cultural, and economic importance as a source of red dye (Ferraz, 1939; Souza, 1939; Dean, 1997).

The local indigenous people used brazilwood for firewood and for making weapons (JBRJ, 2003). Currently, brazilwood is used to produce high-quality bows for musical instruments, such as violins, violas, and cellos (Angyalossy et al., 2005; Muralt, 2006; Alves et al., 2008; Dapson and Bain, 2015). Recent studies in ethnopharmacology have also demonstrated the potential of brazilwood, whose bark is used in cases of dysentery and diarrhea, since the seeds have astringent and tonic properties, the stems show a potential for the development of natural products against leishmaniasis, and the wood has antioxidant and antiangiogenic properties, with an emphasis on wood flavonoids (brazilin and brazilein), lignans, coumarins, and tannins (Cota et al., 2011; Gomes et al., 2014; Siqueira et al., 2014).

Some of the remaining brazilwood areas are in the Cabo Frio region, which has a distinct population of this species (Souza, 1939; Beranger, 1968; Dean, 1997; JBRJ, 2003; Lima, 2009), but also strong anthropic pressure (Strohaecker, 2008). The Cabo Frio region has environmental (e.g., geomorphological aspects and climatic diversity) and biodiversity peculiarities (Bohrer et al., 2009), being recognized worldwide as the Center of Vegetal Diversity of Cabo Frio (CVDCF) (Araújo, 1997), which is one of the priority areas for Brazilian biodiversity conservation within BAF (Ministério do Meio Ambiente, 2007).

Based on the State of Rio de Janeiro's Brazilwood Conservation Plan (JBRJ, 2003), it was possible to delimit the 13 remaining areas of brazilwood in the Rio de Janeiro State, nine of which were in the Cabo Frio region, which led to the constitution of several protected areas (PAs) in the region. Some are located between the municipalities of Cabo Frio and Armação dos Búzios, which consist of Atlantic Forest remnants, human settlements, important brazilwood populations, mangrove forests, islands, reefs, dunes, and areas of geological interest (RJ, 2002). The establishment of PAs demonstrated that even though these areas are strongly impacted by real estate speculation and, consequently, suppression of native vegetation cover (JBRJ, 2003), and considering the major socioeconomic and cultural transformations of the region, there are still places for conservation.

The main objective of this study was to investigate how this scenario affected the brazilwood biocultural heritage, even that near PAs. In addition, we aimed to analyze possible changes in the local perception of brazilwood over time.



MATERIALS AND METHODS


History of Brazilwood Exploration

Brazilwood exploration was a determining factor for the foundation of the first colonial settlements on the Brazilian coast (Almeida, 2013; Freire and Malheiros, 2009). The resin from brazilwood timber had an important place in the European market because of its use as a red dye for clothes (Dean, 1997). Therefore, a massive exploration began in 1501 that lasted ~375 years (Table 1) (Dean, 1997; Lima, 2009; D'Agostini et al., 2013; Dodge, 2018). During the colonial period, brazilwood was a monopoly of the crown. Throughout the 19th century, with the increasingly intensive use of synthetic dyes, brazilwood lost commercial value and began to be treated in a manner similar to other construction woods and used for the production of fine furniture and musical instruments (Lima, 2009). By 1876, the population of brazilwood declined dramatically, and in 1992, the tree was officially included in the list of endangered species (JBRJ, 2003). Its trade was a historical point in the devastation of the BAF. It is estimated that approximately 70 million brazilwood trees populated the BAF (Dean, 1997; D'Agostini et al., 2013), and the loss of vegetation cover is predicted to be ~6,000 km2 in the first century of exploration (Dean, 1997; Lima, 2009). The association between the brazilwood tree and the territory of Brazil marks the identity of the Brazilian people, not only by providing the country a name but also by reinforcing its symbolic role in the construction of Brazilian society. Brazilwood was officially declared the “national tree” in 1978 (Brasil, 1978).


Table 1. Historical marks showing how brazilwood became a Brazilian biocultural heritage.
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Study Area of Socioeconomic Context

Brazilwood exploration continued for years, whereby indigenous peoples were used to cut and transport brazilwood trees (Fernandes, 2008). Until 1960, the economy of the Cabo Frio region was based on fishing, salt exploration, and, to a lesser extent, livestock (Beranger, 1968). In the 1970s, the construction of the Rio-Niterói bridge and the paving of the RJ-106 highway improved the connection between the State capital to the Cabo Frio region, which accelerated the urbanization and the tourism industry in the region, with the consequent weakening or destruction of the remaining forest areas (Pereira, 2010). In the last 50 years, the Cabo Frio region had an exponential demographic growth due to the incentive to tourism but also the development of the oil industry (Figure 1).


[image: Figure 1]
FIGURE 1. Demographic variation in the Cabo Frio and Armação dos Búzios municipalities (Fundação CEPERJ., 2013; IBGE, 2010), and summarizing demographic and urban growth in the studied communities.


Currently, the economy of the Cabo Frio region is based on the tourism industry (Christóvão, 2011). The tourism, coupled with the benefits of a safer region compared to metropolis, has attracted a greater number of people (Machado and Mello, 2015). Many communities established in the Cabo Frio region have less connection with their surroundings, which affects local conservation (Christóvão, 2011). It is estimated that up to 70% of the area has undergone some type of changes (CBLSJ, 2005).

Demographic growth has brought the establishment of peripheral communities in the region, such as Jacaré. In the 1980s, the Jacaré community grew due to the arrival of migratory people seeking jobs in the oil industry. Eventually, it began showing the characteristics of a subnormal agglomerate, according to the Brazilian Institute of Geography and Statistics (IBGE, 2010), commonly known as a “favela.” In the Peró community, the demographic growth process began in the 1990s. The human occupation in Peró was induced by the development of condominiums and second homes that were associated with tourism. The Peró community is located near the beautiful beaches of Peró and Conchas (Machado and Mello, 2015).

Demographic growth in the community of José Gonçalves (Armação do Búzios) is more recent than the other communities studied. Until the 2000s, the community was considered a rural area (Armação dos Búzios, 2006), which began dividing its properties into small lots, attracting migrants. The José Gonçalves community is the home of touristic points, such as José Gonçalves beach and Serra das Emerências.

To avoid the destruction of the remaining BAF and show the presence of the public authority, some PAs have been established in the region over the years. In the Cabo Frio coastal zone, there are five PAs, namely, Massambaba Environmental Protection Area (APAMAS), established in 1986, Serra de Sapiatiba Environmental Protection Area (APASES), established in 1990, Arraial do Cabo Marine Extractive Reserve (RESEX Arraial), established in 1997, Pau Brasil Environmental Protection Area (APABR), and Costa do Sol State Park (PECS). The Brazilian System of Conservation Units (SNUC) has established APAs that allow human settlements with the aim of the sustainable use of the environment, while parks, such as PECS, have the goal of total protection of the environment, while allowing tourist visitation but no human settlements. Here, we focus particularly on the APABR and PECS, due to their common areas of brazilwood populations, in the three human communities, namely, Peró, Jacaré, and José Gonçalves (Figure 2).
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FIGURE 2. Study area: local communities studied and the local protected areas: PECS (Costa do Sol State Park) hatched and APABR (Pau Brasil Environmental Protected Area) in yellow.




Survey Data

We interviewed residents from three communities, namely, Peró (22°51′34.07″S, 41°59′35.17″W) and Jacaré (22°52′1.83″S, 42°1′16.31″W) in Cabo Frio municipality, and José Gonçalves (22°47′31.70″S, 41°56′54.54″W) in Armação dos Búzios municipality (refer to Figure 2).

In 2003, the Peró community had ~1,086 families (JBRJ, 2003) and 2,443 families in 2018 (data from neighborhood's family health facility, Supplementary Materials). It is located 3.5 km from the center of Cabo Frio, between Peró and Conchas beaches, and Morro da Piaçava. This community has three schools (i.e., two public schools and one private school), two health posts, a small shopping center, small stores in various segments, and a sub-mayor's office of the municipality of Cabo Frio.

In 2003, the Jacaré community had ~2,000 families (JBRJ, 2003) and 2,434 families in 2018 (data from neighborhood's family health facility, Supplementary Materials). It is located 1.5 km from the center of Cabo Frio in an area between Morro do Mico and Morro do Telégrafo. There are five public schools, health post, and shops.

The approximate number of families in the José Gonçalves community grew from 600 in 2003 (JBRJ, 2003) to 982 in 2018 (data from neighborhood's family health facility, Supplementary Materials). It is located 8.5 km from the center of Armação dos Búzios and 5 km far from the other communities studied. It has a public school, health post, and shops. Armação dos Búzios is a municipality that borders the west with the municipality of Cabo Frio, from which it became autonomous in 1995. José Gonçalves is located between Serra das Emerências, José Gonçalves Beach, and Baía Formosa. Historically, José Gonçalves was a slave trader, who lived and used the region for the landing of slaves until the end of the 19th century (Accioli, 2012).



Methods

We combined bibliographic research to map the main historical events and socioeconomic changes of the region considering the brazilwood trade, with local residents' interviews regarding their knowledge on this tree. The 2018 research was registered in the National System for the Management of Genetic Heritage and Associated Traditional Knowledge (SisGen), under the number A238919, and each interviewee signed the Free and Informed Consent Form (TCLE). There was no such system in 2003, which resulted in a bigger participation of respondents.

We interviewed one representative of each household, either an adult, male or female, either natural (born) or migrant in the Cabo Frio region. Data were collected through semi-structured interviews, including questions about socioeconomic data (e.g., age, gender, birthplace, economic income, and schooling), free lists (Weller and Romney, 1988), and open-ended questions for content analysis (Bardin, 1977).

The main interview questions were: Could you list the five most common trees in the region? Do you know any Protected Areas in the region? Do you know brazilwood? Would you know how to inform others about the importance of brazilwood? For those who were familiar with brazilwood, we also asked: Over the years, have you noticed an increase or decrease in brazilwood trees? Why? Is it easy or difficult to find brazilwood in the region? From this set of images of trees, could you indicate if there is a photo of a brazilwood? What would need to be done to conserve native brazilwood trees?

We used visual stimuli (Albuquerque et al., 2010) through photographs of the following trees common in the region: a. Brazilwood (correct species); b. Schinus terebinthifolia Raddi (species abundant in the area, and used in local medicine and as an aromatic compound); c. Tabebuia roseo-alba (Ridl.) Sand. (common tree, and appreciated for the flowering season); and d. Casuarina equisetifolia L. (an exotic species intensively introduced for at least 60 years and widely distributed in the region) (Figure 3). This method aimed to verify the ability to visually recognize brazilwood, showing possible inconsistencies between what was observed and what was relayed.


[image: Figure 3]
FIGURE 3. (A) Brazilwood, Paubrasilia echinata (Lam.) E. Gagnon, H.C. Lima & G.P. Lewis, (B) Schinus terebinthifolia Raddi, (C) Tabebuia roseo-alba (Ridl.) S, and (D) Casuarina equisetifolia L.


In 2018, we interviewed 50 residents in Peró and 28 residents in Jacaré, in the Cabo Frio municipality, and 40 residents in José Gonçalves, in the Armação dos Búzios municipality.

A comparative analysis with a diachronic perspective (Reyes-García et al., 2013) was carried out based on a set of interviews collected in 2003 by Viviane Fonseca-Kruel, who performed an ethnobotanical inventory on the local perception of brazilwood in the Cabo Frio region (JBRJ, 2003). This previous study has interviewed 577 residents, namely, 381 in the Jacaré community, 156 in Peró, and 40 in the José Gonçalves community. We checked the names of people interviewed in 2003 with the names of people interviewed in 2018 and found that none of the interviewees participated in both surveys.



Data Analysis

We analyzed the changes in the biocultural heritage of brazilwood through socioeconomic and land-use changes over time and related them to the importance of conserving the biocultural heritage of brazilwood. Historical analysis was conducted considering the 1970s as a demographic growth milestone for the Cabo Frio region (Pereira, 2010). We used the chi-square test for independence to test the proportions of men and women interviewed in each period, using p < 0.01 as the reference for significant differences. We used the ANTHROPAC version 4.0 software (Borgatti, 1996) to analyze the free lists to verify the cultural salience index (CSI) of brazilwood (Smith, 1993). CSI varied from 0 to 1, where 1 indicated very prominent. For the systematization and contextualization of the qualitative data, we used the technique of content analysis (Bardin, 1977).




RESULTS


Brazilwood Among the Current Residents

Table 2 highlights the differences between the studied communities and how they evolved throughout 15 years. We found no significant differences in the proportions of women and men interviewed in both periods as a whole (for interviews in 2003: chi-square = 7.7067, p = 0.021208; for interviews in 2018: chi-square = 2.6987, p = 0.259403) and at the community level (Jacaré chi-square = 1.9302, p = 0.164731; José Gonçalves chi-square = 0.8184, p = 0.365644), except for Peró where these differences were significant (chi-square = 9.5085, p = 0.002045).


Table 2. Interview's data collection.

[image: Table 2]

Currently, the Peró community had the highest level of education among the communities studied, while the Jacaré community had the lowest. The proportion of native residents (born in the region) was higher in the community of José Gonçalves than in the other two communities.

The semi-structured interviews showed that 99% of the residents stated that they were aware of brazilwood, but when we deepened the analysis through the free listing and visual stimulus, the results differed considerably.

Figure 4 shows that brazilwood was visually recognized by 55% of the inhabitants of the Cabo Frio region in 2018, mainly in the communities of Peró (60%) and José Gonçalves (66%). In the Jacaré community, the choice of the unique exotic species used in the research (Casuarina equisetifolia) was identified as brazilwood in 46% of the recognitions. This widespread alien species is directly linked to the old saltpans in the region (Rosa Carvalho, 2014; Zimmermann, 2016).


[image: Figure 4]
FIGURE 4. Results of the visual stimuli technique among the interviewees in the municipalities of Cabo Frio (Peró and Jacaré) and Armação dos Búzios (José Gonçalves) in the state of Rio de Janeiro, Brazil.


In 2018, respondents listed a total of 104 plants, 31 of which were native and 73 were exotic to the region. In José Gonçalves, native species appeared in 38% of the interviews, while in Peró and Jacaré, they were included in 23 and 17%, respectively. In the Jacaré community, exotic species were mentioned in 83% of the interviews. This result suggests how the urbanization process can influence the conservation of biocultural heritage, thereby threatening a loss of the knowledge on native species and the conservation of the brazilwood in the region.

Through the free listings, we analyzed the CSI of brazilwood, which reflects a cognitive understanding of the plants of the region (Bernard, 1988). Brazilwood was the most salient tree species mentioned in José Gonçalves and the third in Peró, but in Jacaré, it figured out to be in the 13th place (Table 3). The results highlight the differences between the LEK over this flagship species among the studied communities and can reflect the status of conservation of the biocultural heritage of brazilwood among the studied communities.


Table 3. Cultural salience index (CSI) results among the interviewees in the municipalities of Cabo Frio (Peró and Jacaré) and Armação dos Búzios (José Gonçalves) in the state of Rio de Janeiro, Brazil.
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Protected Areas and Effective Conservation

The multiple factors affecting the region increase the necessity of public authorities to find the methods of managing territory while attempting to satisfy the environmental legal parameters of conservation. However, existence is not an indication of effectiveness. In the Cabo Frio region, our research showed that this management model may be fragile, because only 11% of all interviewees were aware of PECS and 12% of APABR. In the Jacaré community, 64% did not know any PAs.

Nonetheless, 35% of the interviewees of the José Gonçalves community showed an encouraging connection with APABR, indicating a greater possibility of interaction between the community and PAs in future activities focusing on nature conservation in the region.

The content analysis (Table 4) showed that the communities had an interest in promoting activities aimed at the preservation of nature in the region, demonstrating a predisposition for the effectiveness of future conservationist actions. However, the creation of PAs in Brazil may be less effective due to the lack of knowledge on the concept for most of the interviewees. It can also be inferred that the main concern and risk that these areas endure currently is deforestation, which is usually associated with the lack of awareness, illegal construction, and real estate speculation.


Table 4. Content analysis technique results among the interviewees in the municipalities of Cabo Frio (Peró and Jacaré) and Armação dos Búzios (José Gonçalves) in the state of Rio de Janeiro, Brazil.
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Changes in Environmental Perception and Local Knowledge on Brazilwood in a 15-Year Time Span

The data collected in 2003 in the same communities revealed interesting results regarding changes to the local population over the years and their effect on the relationship with brazilwood. When asked regarding the source of their knowledge on brazilwood (Table 5), a significant change occurred, reinforcing the idea that current schools are emphasizing the symbolic role of brazilwood.


Table 5. Diachronic analysis comparing the changes in the origin of the knowledge between Cabo Frio region residents over 15 years.

[image: Table 5]

In the Peró community, there has been an increase in the percentage of respondents recognizing brazilwood, mainly related to schooling over the years. In the Jacaré community, this knowledge acquired from schools was reduced, as was the number of people who were unaware of how they attained their knowledge on brazilwood. In the José Gonçalves community, the less urbanized community among those surveyed, there was a marked reduction in the number of interviewees who stated that their knowledge about the brazilwood was related to their own community, while knowledge received from school was more prevalent. For the first two communities, we must consider that the context of accelerated growth and the current social scenario did not allow the same sampling effort adopted in 2003 to be maintained in 2018. These differences in the sampling effort may have reflections on the most recent data for these two communities. However, in José Gonçalves, a similar sampling effort was feasible (6.7% of the estimated population in 2003 and 4.1% in 2018). For this community, in particular, diachronic comparisons can be made with greater confidence.

Understanding the perception of the importance of brazilwood (Figure 5) showed us that the historical relevance is the main importance given to brazilwood according to the residents. However, there was a commonality in the results obtained. The education has been standardized over the years, as well the perception of brazilwood importance.
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FIGURE 5. Diachronic analysis comparing the changes in brazilwood importance perception between Cabo Frio region residents over 15 years.


Regarding the question of whether residents found it was easy or difficult to find brazilwood in the region (Figure 6), there was a clear difference in the perceptions of brazilwood abundance between the Cabo Frio communities (Peró and Jacaré) and the Armação dos Búzios community (José Gonçalves). According to the José Gonçalves community, brazilwood was readily found in the region, whereas both Cabo Frio communities stated that it was difficult to locate brazilwood in these areas.
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FIGURE 6. Diachronic analysis comparing the changes in brazilwood abundance perception between Cabo Frio region residents over 15 years.





DISCUSSION

In the Cabo Frio region, brazilwood is no longer threatened by its exploration to produce dye or high-quality wood, but by deforestation. In the beginning of the 20th century, the deforestation threat came mainly from agricultural expansion and, at present, deforestation is driven by the predatory tourism industry and its correlates. Coastal areas undergo subdivision processes for the construction of condominiums for vacation homes, hotels, and real estate developments. The changes in land use are intensified as the city grows in a disorderly way, and the seasonality of the occupation (during holidays and weekends) creates moments of hyper-intensive use of public services and local natural attractions. The population that permanently inhabits Cabo Frio and Armação dos Búzios lives on the basis of the provision of services for the structure of tourism. As the municipalities' growth was not planned, the working population often occupies the often occupies public areas and often destroys the remaining forest for small swiddens and subsistence activities. The tourism industry dictated the recent urbanization process.

This history of occupation, deceived from exogenous activities (Rodrigues, 2005) based on the arrival of migrants from other regions of Brazil, tends to negatively affect the conservation of the biocultural heritage of the region (Santos, 2007). It also allows us to observe that the communities in the municipality of Cabo Frio, where these processes began earlier, had less knowledge on brazilwood in relation to the José Gonçalves community.

The knowledge regarding the tree comes basically from basic education, mainly from history classes (Macedo et al., 2018). Although brazilwood is currently symbolically recognized for having given the country name, it is less known by the general population.

In the case of the Cabo Frio region, which is the main region in the state of Rio de Janeiro to shelter native areas and remnants of brazilwood, the tree is less known. In the communities studied, the situation is also a relative ignorance. It is likely that populations with a higher level of education have learned to identify the species based on its symbolic relevance. The more traditional and rural community of José Gonçalves possibly conserves the knowledge on the forest that passes through generations. In the case of the Jacaré community, which is more recent and socially vulnerable, the low level of education and less organic relationship with the region can explain the results in the interview.

The presence of exotic species in the free list, especially in the Jacaré community (83% of exotic species mentioned), highlights the distance of communities from the environment in which they live, in addition to an evident transformation in their LEK as noticed by Diaz et al. (2006), Cardinale et al. (2012), and Aswani et al. (2018). Lack of knowledge on local flora among the residents of the Jacaré community indicates that the remnants of brazilwood found in the surroundings of this community are at the greatest conservation risk in the region.

Another concerning data are the fact that 45% of the interviewees did not visually recognize brazilwood, although 99% said they knew about it. This scenario highlights the urgency to change this discrepancy and to avoid further conservation challenges.

Although less is known and is generally ineffective to date, the PAs in the region are important tools for the conservation. The results obtained support the ideas of Begossi (1998), Alves and Hanazaki (2015), Vandebroek and Balick (2012), and Silva (2013), who showed that even the establishment of PAs, which changes environmental perceptions, is not sufficient to generate a feeling of belonging in the local population. Instead, it could harm the relationship between humans and local nature. Mcpherson et al. (2016) stated that the involvement of the community in nature conservation issues allows for reconciliation between culture and conservation, which can work to prevent the extinction of species, or at least delay this outcome through risk reduction.

Diachronic analysis showed a tendency toward standardization of knowledge and perceptions in the region, especially for José Gonçalves where our sampling effort was similar in 2018 and 2003, and which is common in urbanized and interconnected societies (Santos, 2007). However, among the communities studied, José Gonçalves reported the most instances of the community region itself being identified as the source of knowledge, indicating the presence of the species in the daily lives of this population. The José Gonçalves community also maintained the largest number of native inhabitants among the studied communities, which suggests a relationship with the history and temporality of brazilwood. This is corroborated by the fact that the historical importance of the species was the most cited in this community in 2018, which may indicate a greater proximity of the community to nature and, thus, an improved perception of the importance of biocultural preservation. Considering the intense demographic growth in the region, we suggested that future samplings prioritize the saturation of responses over new information on knowledge on brazilwood, as well as the representation of gender and age groups and levels of education.

Socioeconomic characteristics appear to play a fundamental role in the relationship between communities in the municipality of Cabo Frio and the surrounding nature. In the Jacaré community, which is the lowest level of education between the studied communities and is considered a subnormal agglomerate, we observed the largest number of people who could not identify how they were introduced to brazilwood. This community also showed a decrease in those who stated that they learned about brazilwood in school when compared to 15 years ago. The Peró community had higher levels of education, and 80% of the knowledge on the species was attained through schooling, which indicates that LEK was superseded by school knowledge, where brazilwood was identified more as a symbol than a living being that needs to be conserved and to have its habitat protected. For further studies, we recommend an awareness of gender balance among interviewees, especially in this community where we had an unbalanced sample.

The ability to recognize and perceive the species was another indicator of a better understanding of brazilwood in the José Gonçalves community than in the other studied communities. The maintenance of this biocultural heritage can indicate a greater involvement in the conservation of the species and the environment in which it occurs. Such characteristics suggest that this community has a stronger connection to the nature surrounding it when compared to the other communities studied, although it does not exempt them from the risks of biocultural loss related to this species.



CONCLUSION

Despite the historical and economic importance of brazilwood, over 500 years of Brazilian history, in the studied region, there were no reports of the current use of brazilwood for dyeing or medicinal purposes. The species has a symbolic role as a flagship species, which is taught in schools relating to the history of colonization in Brazil.

This research highlighted the gap between the disciplines of history and biology in the context of Brazilian education. This socio-ecological dissociation is both inside and outside PAs, which threatens the network of local knowledge on native populations of brazilwood. Consequently, this reveals weaknesses in the current management models of local PAs, which has space to improve the local people approach.

Overall, the results suggest that in the Cabo Frio region the conservation of nature and the biocultural heritage of brazilwood is in decline, either due to the loss or transformation of LEK or the intense migration in the region, and that there is a loss of natural habitat for populations of native species under anthropogenic pressure and alteration of the local landscape. However, there is scope for biocultural conservation actions including social participation and mobilization and awareness-raising among PAs managers and politicians to increase the effectiveness of decision-making regarding the local environment.

The specific case of brazilwood shows the importance that awareness of history could provide in environmental preservation policies, when coupled with discussions regarding biocultural heritage. Furthermore, the approximation with nature and the recognition of local plant species can also reinforce the symbolic connections between nature and national identity, and thereby contribute to the improvement of environmental protection policies.
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