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Abstract

:

Studies on the effectiveness of the discourse motivating the creation of protected areas (PAs) and their empirical reality are scarce. The lack of knowledge in this area affects programs and policies on the maintenance and creation of protected areas. Thus, we investigated this matter using the case study of the Nascente Geraizeiras Sustainable Development Reserve (NGSDR) in Minas Gerais State, Brazil. The reserve comprises a transition area between Cerrado and the Atlantic Forest, two critical biomes in the world of biodiversity and the only two hotspots in Brazil. Changes in land use were identified over a period of 30 years, from 1987 to 2017, based on a compilation of the arguments associated with the creation of the PA, geographic information system (GIS) techniques, remote sensing (RS) data, and landscape ecology indices. Seven types of land use were identified using Random Forest classifier R software: native forest, silviculture, pasture, bare soil, rocky outcrop, watercourses, and agriculture. The overall mean accuracy of the classification was 90% for all five periods. The results demonstrated that the creation of protected areas is supported by contexts of land use still based on traditional. The case study showed the discourse served as a fundamental strategy in the beginning of the mobilization that culminated in the creation of the NGSDR, in the containment of forestry, in an increase in native forest areas, and in reduced fragmentation, leading to an improvement in the conservation status of the landscape. The present study encourages future researchers to apply the evaluated approach and demonstrates its potential in assessing the formulation of programs and policies on protected areas worldwide, providing valid indicators for the improvement of ecosystem services.
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1. Introduction


An acknowledgment of the finiteness of natural resources has caused modifications in conservation and its purpose [1]. These changes refer mainly to the relationship between society and the forms of appropriation of natural resources [2,3,4]. Different sectors of society have increased efforts concerning environmental, social, and economic instances to emphasize the importance of these resources in the sustainability of development [5,6,7,8].



The creation of protected areas (PAs) is one of the primary mechanisms for the conservation of global biodiversity [9,10,11], and they cover around 14% of the land surface in the globe [10]. Brazil has been allocating large amounts of land for conservation purposes, and currently about 11% of its national territory is covered by PAs [12]. Although recent estimates have shown an exponential increase in the number of PAs, it is the consensus that PAs alone cannot guarantee the provision of essential ecosystem services for biodiversity protection and the maintenance of the livelihoods of traditional populations [13]. The effective management of these areas is crucial for the conservation of biodiversity, and therefore the number of studies discussing real factors influencing the effectiveness of the management of PAs worldwide has increased [10]. Moreover, several studies have aimed to monitor the changes occurring in PA landscapes and the advance of deforestation [14].



PAs are established in Brazil by the Brazilian environmental protection policies, which includes the National System of Conservation Units (NSCU). In Brazil, PAs are called conservation units (CUs) and are subdivided into two groups: integral protection (IP), which allows only the indirect use of natural resources; and sustainable use (SU), which combines conservation of nature with the sustainable exploitation of natural resources [15,16,17]. Conservation units for sustainable use (CUSUs) are emerging as a model compatible with the new demands of conservation and sustainable development. Differently from the nature intact model, which prevents direct use of the land, CUSUs reduce pressures on biodiversity and prioritize people as part of the ecosystem [1,17,18].



The real factors underlying the management of PAs have been discussed in some important studies in different locations [10,19]. However, the reasons supporting the creation of PAs in Brazil are still little known. Therefore, the analyses of the arguments used as justification for the creation of PAs and their congruence with reality are necessary to fill this gap. Knowledge on the process of creating PAs provides valid indicators for the improvement of ecosystem services. The study obtained supports future research to understand the effectiveness of the discourse used to create PAs in different contexts.



The arguments used in the process of creating CUSUs usually concern maintenance of the livelihoods of traditional populations, based on self-sustaining exploitation and addressing environmental issues [15]. In addition, environmental debates tend to assume different connotations depending on the local context.



In the Brazilian Amazon, issues related to the creation of CUSUs are commonly associated with resistance, exploratory activities, and the conversion of native forest areas [20,21]. In the Atlantic Forest, the control of irregular occupations and the protection of forest remnants are the main issues [21]. The debates in Cerrado relate to land issues and the conversion of forest areas into pasture, agriculture, and silviculture (especially of Eucalyptus sp.) [21]. In coastal regions, concerns are often associated with combating predatory fishing and real estate speculation, regardless of the biome [15,21,22]. Environmental arguments related to the creation of protected areas generally refer to conflicts at the local level, but also address issues associated with the broader development context in which those territories are located. However, scientific confirmation is lacking on whether the public arguments used to justify the creation of CUSUs are consistent with their empirical reality.



In order to broaden the debate on the creation of PAs, this article provides an approach to the actual effectiveness of PAs in a critical area for biodiversity conservation due to its high biodiversity and strong anthropogenic pressure: Thus it has great importance worldwide [23]. The objective of this study was to evaluate the effectiveness of the arguments used in the creation of PAs using the Nascente Geraizeiras Sustainable Development Reserve (NGSDR) as a case study. Therefore, we analyzed changes in the landscape over the last 30 years, using geographic information systems (GIS), remote sensing data (RS), and landscape ecology indexes. This case study was selected because it is part of the only two areas that are hotspots for the conservation of global biodiversity in Brazil, the Atlantic Forest, and Cerrado.




2. Materials and Methods


2.1. Study Area


The NGSDR is located in the microregion of Salinas, north of Minas Gerais State, Brazil, and comprises the municipalities of Montezuma, Rio Pardo de Minas, and Vargem Grande do Rio Pardo (Figure 1). It integrates 33 traditional communities, totaling 502 families. The main productive activities within the NGSDR are vegetal extraction and livestock farming based on socioecological systems. The reserve occupies 38,177 hectares around the coordinates 15°30′ S latitude and 42°40′ W longitude [24,25]. The area named as outside comprises the NGSDR plus a 20-km buffer around its borders, totaling an area of 392,176.67 ha. The vegetation is a transition between Cerrado and Atlantic forest biomes, considered to be hotspots for the conservation of the world’s biodiversity [26,27]. The NGSDR was created by Decree S/N of 13 October 2014, which aimed to guarantee the conservation of springs, the preservation of extractive areas, the protection of biodiversity, and the right to land in promoting development for the territory [24,25].



History of the Creation of the NGSDR


Bibliographical research was conducted using the arguments associated with the creation of the NGSDR. Moreover, we used a compilation of a historical database based on a comprehensive review of recent literature, official documents, newspapers, trade union websites, and nongovernmental organizations (NGOs) [28,29].





2.2. Satellite Imagery and Data Processing


Three images from the sensors on board the Land Remote Sensing Satellite (LANDSAT 5 and 8) were obtained from different satellites due to the orbit period of each one. Images from the drought months (June to August) were selected due to lower interference by clouds [30,31]. LANDSAT satellite imagery represents the oldest and longest series of data, being the most used in studies aiming to determine changes in land use and coverage [32,33]. Three scenes were used for each year studied (1987, 1997, 2007, 2014, and 2017), totaling 15 scenes collected in the dry season. The selection of the scenes was based on visual examination using images already corrected atmospherically and converted to surface reflectance, which was processed on demand by the U.S. Geological Survey (USGS) through Earth Resources Observation and Science (EROS) [34,35,36,37,38].



Classification of Land Cover


To portray developments in land usage patterns and land occupation during the study period (1987, 1997, 2007, 2014, and 2017), we performed a “supervised” classification using the classification algorithm Random Forest in Rstudio software. We considered the following land use classes: rock, water bodies, bare soil, native forest, silviculture, agriculture, pasture, and highly degraded areas. Later, the pasture and highly degraded areas classes were merged and denominated pasture.



Before the classification, the database was prepared, and the samples were collected in the software ArcGis® 10.5.1 (Esri, Redlands, CA, USA). LANDSAT 5 and LANDSAT 8 settings were (i) redesigned for the Southern Hemisphere, designed for SIRGAS 2000, and georeferenced to allow for correct overlapping of images with the vector databases; (ii) followed by the process of “mosaic by equalization of histograms.” The equalization allowed for reducing the hue difference between the joined scenes significantly, leading to homogenization and standardization of the colors [39]. Furthermore, the mosaics generated for each year were submitted to (iii) trimming the perimeter of the study area, obtained by IBGE [40] and ICMBio [25], and (iv) a composition of spectral bands: RGB 5 (Mid IR), 4 (Near IR), 3 (Red); RGB 4 (Near IR), 3 (Red), 2 (Green); RGB 3 (Red), 2 (Green), 1 (Blue), corresponding to false color, infrared, and natural color, respectively, using the LANDSAT 5 satellite images, and RGB 6 (SWIR1), 5 (NIR), 4 (Red); RGB 5 (NIR), 4 (Red), 3 (Green); and RGB 4 (Red), 3 (Green), 2 (Blue), corresponding to false color, infrared, and natural color, respectively, using LANDSAT 8 [38,41,42].



Each year, 200 samples were collected, 25 samples per class. Each polygon sampled corresponded to an area of approximately 1.08 ha, and about 12 pixels per sample. The polygons were collected rigorously, respecting architecture and sample size. The samples were collected using high-resolution images from Google Earth, which allowed for greater reliability of the classification [43,44].



In addition to the sampled polygons for each year, 22 variables were generated, which were added to the bands, totaling 28 variables. In total, 15 morphometric covariates were obtained from the interpolation of the Shuttle Radar Topography Mission (SRTM) digital elevation model (SDTM) through the System for Automated Geoscientific in Saga GIS software. The variables were designated as follows: (1) Analytical Calculation of Hills, (2) Capitation Area, (3) Convergence Index, (4) Cross-Curvature, (5) Elevation, (6) Longitudinal Curvature, (7) Soil Loss Factor, (8) Positions of Inclination, (9) Terrain Slope in Radians, (10) Topographic Index of Position, (11) Robustness Land Index, (12) Topographic Moisture Index, (13) Depth of Vales, (14) Wind Effect Index, and (15) Wind Exposure Index. The seven variables obtained from Quantum Gis software were (16) Horizontal Distance of Hydrography, (17) Vertical Hydrograph Distance, (18) Distance from the Pivots, (19) Normalized Difference Vegetation Index (NDVI), (20) Normalized Water Difference Index (NDWI), (21) Soil Adjusted Vegetation Index (SAVI), and (22) Normalized Humidity Difference Index (NDMI). The six LANDSAT-5 (TM) bands were (23i) Band 1 Blue (045–0.52 μm), (24i) Band 2 Green (0.52–0.60 μm), (25i) Band 3 Red (0.63–0.69 μm), (26i) Band 4 Infrared Near (0.76–0.90 μm), (27i) Medium Infrared Band 5 (1.55–1.75 μm), and (28i) Band 7 Infrared Medium (2.08–2.35 μm); and from LANDSAT-8 (OLI), (23ii) Band 2 Blue (0.45–0.51 μm), (24ii) Band 3 Green (0.53–0.59 μm), (25ii) Band 4 Red (0.64–0.67 μm), (26ii) Band 5 Infrared Near (NIR) (0.85–0.88 μm), (27ii) Band 6 SWIR 1 (1.57–1.65 μm), and (28ii) Band 7 SWIR 2 (2.11–2.29 μm) [45,46].



The data were inserted into the Random Forest classifier to generate maps of land use and occupation. Within the statistical software, a routine was developed containing all the steps of the supervised classification, in the form of a script (results not shown) that could be adjusted to the local parameters and applied to other areas [46,47,48,49].





2.3. Accuracy of Assessment


After sorting, the rasters files generated for each year underwent a “filtering” process, which allowed for the elimination of isolated pixels [38,41,50]. Then, qualitative and quantitative postclassification procedures were generated. The qualitative classification was based on a visual approach to ascertain and to correct manually the possible errors caused by the similarity in the spectral response of the classes, based on the high-resolution images from Google Earth [41]. The quantitative approach was based on a calculation of the global and class accuracy indices, to assess the level of agreement and discrimination of the targets more accurately [51,52,53,54,55,56].




2.4. Landscape Indices


Evaluations of the forest fragments were used from the shapefile file generated for each year corresponding to the native vegetation class. Forest fragments were quantified and grouped in small (<5 ha), medium (between 5 and 50 ha), and large (>50 ha) sizes, as well as total fragments over the years [38,57]. Afterward, we calculated the metrics: mean patch size (MPS), number of patches (NP), edge density (ED), and weighted mean shape index (AWMSI), according to the formulae by Paudel and Yuan [58], through the Patch Analyst 4.0 extension of the software ArcGis ® 10.5.1 [59,60].





3. Results


3.1. Historical Analysis of the Creation of the NGSDR


Table 1 summarizes the public, economic, and environmental arguments used to support the creation of the NGSDR. The data obtained in this study evidenced that the beginning of the 2000s was a milestone for social mobilization demanding the creation of the NGSDR. In 2002, several lawsuits were issued against silviculture companies to prevent deforestation of the areas used by traditional communities as a means of subsistence, causing intense conflicts over the years. Later, in 2014, the residents of the local communities occupied the areas used by silviculture companies and performed a hunger and thirst strike, gathering in front of the Palácio do Planalto, in Brasília, Brazil, which culminated in the creation of the reserve. The actions and claims of communities living in that region had the support of nongovernmental organizations (NGOs), other traditional Cerrado communities, civil society, academics, and local authorities [25,61,62].



The compilation of arguments were in agreement with valuations of the ways of life of the traditional populations in the region. The maintenance of extractive activities and animal husbandry has historically been carried out in a sustainable manner, as have the defense of the recognition of regional cultural wealth, gender issues, and guarantees of access to land and the resumption of use of territory [25]. In addition to socioeconomic and cultural arguments, environmental issues were also highlighted in the fight against the conversion of the native forest to eucalyptus (Eucalyptus sp.) monoculture and the drying of watercourses and springs [61,62,63,64,65,66,67].




3.2. Mapping of the Changes in Land Use


Table 2 shows land use and occupation maps of the NGSDR during five evaluation periods between 1987 and 2017. The area of each class in each period is summarized in Figure 2. The area of native forest in the NGSDR remained constant between 1987 and 2007, but increased 3.8% over the last 10 years (2007–2017), currently occupying 60% of the reserve’s area. Outside, the forest area covers an average of 58% of the land, without any increase in vegetation in the last years.



Silviculture areas in the reserve had the highest annual rate of change compared to other classes, representing 0% in 1987, increasing to 10% in 1997, and decreasing in subsequent years (2007, 2014, and 2017), maintaining an average of 1%. In the surrounding area, silviculture increased from 2% in 1987 to 15.7% in 1997, remaining at 5.5% in the last three periods. On the other hand, pasture areas in the NGSDR decreased from 42% in 1987 to 33% in 1997, assuming an average of 38.5% in the last three periods. In the surrounding areas, the same pattern was observed: In 1987, pasture represented 38% of the area, reducing to 25% in 1997 and remaining at an average of 34.6% for the last 10 years. Agriculture areas were only identified around the NGSDR, occupying approximately 0.5% of the land, and did not undergo great oscillations between 1987 and 2017.



Water in the vicinity of the reserve occupied an area of 0.1% of the total during all the evaluated periods. Within the NGSDR, the percentage of land occupation by water was very close to zero. The percent of bare soil land, considering the NGSDR and its surroundings, were 1.5%, 0.6%, 0.5%, 0.6%, and 0.3% for 1897, 1997, 2007, 2014, and 2017, respectively. Rock outcrops occupied around 0.1% of the land throughout the study period.




3.3. Forest Fragmentation Analysis


Table 3 shows the metric values for the period from 1987 to 2017. Four landscape metrics were calculated from the native forest. We observed an uneven fragmentation pattern in the study area, with the presence of smaller fragments in its eastern sector. The class containing smaller fragments represented 1% of the landscape, whereas medium and large fragments represented 4% and 95%, respectively.



The metrics for the number of forest fragments (NP) and their average size (MPS) revealed a reduction in landscape fragmentation within the NGSDR and in its vicinity from 1987 to 2007, followed by an increase from 2014 to 2017, as presented in Table 3. However, NP and MPS calculated according to the size of the fragments had different behaviors. Whereas medium and large fragments maintained a pattern compatible with that observed for total fragments regardless of size, small forest fragments exhibited a considerably reduced NP and increased MPS (Table 3).



Edge density (ED) was stable throughout the years, and the size of the forest fragments influenced its response. Small, medium, and large-size fragments had an average ED of 0.2, 5.1, and 50.6, respectively. The area-weighted mean index (AWMSI) was proportional to the size of the fragments. The mean values were 1.9, 2.1, and 23.8 for small, medium, and large fragments, respectively.




3.4. Validation of the Results


The general precision of the classifications averaged 99% from 1987 to 2017. The kappa index for the years 1987 TM, 1997 TM, 2007 TM, 2014 OLI, and 2017 OLI were 98.5%, 98%, 99%, 99.6%, and 99.7%, respectively (Figure 3). Accuracy ratings by grade ranged from 86% to 1% (Figure 3).





4. Discussion


A review of the case study and the use of GIS, SR, and landscape ecology indices for the period 1987–2017 enabled an understanding of the congruence between the arguments and reality associated with the creation of the NGSDR and a verification of the changes in land use and occupation. Several scientific studies have evidenced the importance of monitoring landscape changes using geotechnology to provide precise landscape measurements [32,41,68,69]. In this context, images from the satellite Landsat are the most used worldwide to determine land use and occupation patterns [54,70,71,72]. This study covered a wide range of physical variables due to the uniqueness of the study area. The approach used in this case study proved to be efficient and can be adapted for use in future studies in other protected areas. Moreover, it has the potential to affect the formulation of programs and policies on preservation and sustainable use around the globe.



Silviculture was the land use class with the most expressive transformations through the years. Between 1987 and 1997, silviculture represented an exponential increase of 685%, followed by a decrease of −184% (2007 to 2017) in the surroundings of the reserve. Within the NGSDR, it represented an exponential increase of 9.700%, followed by a decrease of −950% (2007 to 2017).



Native vegetation areas increased within the NGSDR, and deforestation did not advance in its surroundings, which indicates that there is no significant pressure for the conversion of the native forest, as suggested by the discourse [61,73,74]. The increase in vegetation in the NGSDR could be related to the incentive to maintain the traditional forms of land use historically practiced by the population as a means of subsistence, especially since the beginning of the 2000s, when there was an emergence of initiatives to reduce pressure on natural resources and create a sustainable reserve [61,62,63,64,65,66,67].



Pasture areas reduced from 1987 to 1997 and increased in subsequent years (2007 to 2017) due to conversions to other types of use. This study indicated silviculture was primarily responsible for the conversion of pasture areas. This result is particularly important because it disagrees with the environmental arguments employed in the creation of the NGSDR denouncing the modification of areas of native vegetation to silviculture [73,74,75].



Agriculture areas, especially irrigated ones, were practically unchanged for 30 years, and occurred only in the surroundings of the NGSDR. However, some existing small-scale agriculture areas could not be mapped due to the resolution of the images from the Landsat satellite, which did not allow for the identification of the targets [32].



Small natural water bodies and artificial lakes covered a relatively small area of the landscape, and they were mainly destined for livestock farming and irrigated agriculture [67]. However, this modest expression may have been influenced by the dates of the images, which were taken during the dry period, since the accuracy of the class was notoriously high [41]. Moreover, watercourses only appeared near areas of intensive agriculture, suggesting that other uses may affect them as much as silviculture, which may lead to water scarcity.



This study provided an approach to analyzing the coherence between the environmental arguments used in defense of the creation of protected areas of sustainable use and the realities in which they are inserted. The analyses show their importance as a result of mobilization and as a protected area in curbing the expansion of silviculture. However, there were contradictions in the environmental issues used to justify their creation, since the conversion of areas of silviculture did not occur within the native forest, but in the pasture areas, as evidenced by the data presented in Table 1. This fact does not diminish the importance of the NGSDR, although it may put the impacts usually associated with this activity in relative terms. Moreover, pasture was a very expressive land use class in the reserve’s landscape: It inevitably produces large impacts when not well managed.



The choice of metrics was based on recent literature [58,76,77] addressing the evolution, composition, and structure of the landscape in different contexts, especially in protected areas [77]. Nevertheless, this study presents a quantitative analysis of the structure and evolution of the forest landscape based on a socioenvironmental approach [32]. As expected, we observed a more significant concentration of small and medium forest fragments in the eastern portion of the area, which is compatible with a region marked by highly threatened forest remnants. This result was in agreement with recent studies [44,57] that reported the occurrence of large amounts of small and medium fragments as characteristic of landscapes inserted into the Atlantic Forest domain. This biome extends throughout the eastern sector of the NGSDR landscape, and it is considered one of the most endangered areas in the world, with approximately 90% of its forest landscape having been converted into other types of use [26,44,78].



Although medium forest fragments predominated, the sum of their areas resulted in a relatively small patch of the landscape compared to the large fragments, which despite being smaller in number were responsible for most of the forest cover [78,79]. This result is relevant when assessing the evolution of native vegetation in protected areas, demonstrating that the landscape is still relatively conserved. Similar characteristics have already been evidenced in other protected areas in Brazil [57].



The reduction in forest fragmentation observed over the years (1987 to 2007), followed by a small increase (2007 to 2017), was compatible with other studies that demonstrated the loss of small and medium fragments, although without significant gain in forest areas [32,80]. This fact evidences the importance of NGSDR as a protected area in the promotion of sustainable development, even if it is far from being immune to anthropic pressures [1,81]. Since the beginning of mobilization in the early 2000s, the creation of the NGSDR in 2014, and the collection of the most recent historical records in 2017, a significant gain in biodiversity occurred in a relatively short time. This result indicates that the interaction between traditional communities and the exploitation of natural resources in a sustainable way can be beneficial to environmental conservation [1,82,83,84].



In larger forest fragments, the edge effect was reduced when compared to smaller fragments [85], which was evident by the greater vulnerability of the edges to the impacts from anthropic action [57,78,86]. Therefore, the preservation of smaller fragments, which are in danger of disappearing, is of utmost importance [84,87]. The data from the AWMSI were also highly related to the fragment area and, in agreement with recent research, showed larger fragments had greater heterogeneity than smaller fragments [88], making them essential for the maintenance of biodiversity [78,88,89,90]. Data for ED and AWMSI were generally positive and indicated that impacts on the NGSDR are highly susceptible to change over the years. These changes may be associated with current perspectives on reducing the pressures on biodiversity and promoting the sustainability of ecosystem services to the reserve’s territory (which is already occurring), or they may assume other connotations depending on the purpose of the conservation [1,81,84].



The results obtained in this study validate the classification of land use, since the statistics referring to general classifications and by classes were correct [68,91]. As a postclassification procedure, a filter was applied to the results obtained in this study to reduce isolated pixels and to improve the accuracy of classifications [50]. This procedure, however, influenced the results obtained by the metrics, as the filter reduced the number of small fragments [92]. Although the application of a filter to the calculation of metrics seems to be contradictory, large-impact literature [50,92,93] has portrayed its importance in classification and has shown that the losses of precision in metric calculations are negligible when compared to the gains obtained with the procedure [93].



This study provides a new approach to evaluating the creation of protected areas based on socioenvironmental discourse and reality. The use of GIS, RS, and methodologies using R software is compatible with the most recent and advanced studies in geotechnology. The results obtained in this case study present a comprehensive overview of the changes in the landscape, despite the limitations associated with the unavailability of data with temporal and spatial scaling.



The central element of the creation of the NGSDR and other PAs in Brazil was social mobilization in defense of the maintenance of traditional ways of life and the means for subsistence of traditional communities based on the sustainable use of land. In other words, the contexts in which forms of land use are still based on traditional and nonintensive practices are conducive to the creation of protected areas when the model of development that is underway compromises the livelihoods of populations [94]. A study conducted by Oprsal et al. [95] described significant findings on PAs in other parts of the world. According to these authors, the constitution of protected areas is strongly linked to the level of development of the country [95]: However, in Brazil, the context for the creation of protected areas has differed from these studies.




5. Conclusions


The methodology used was appropriate to reach the objectives of this study. The results obtained contribute to increasing knowledge and the possibility of monitoring the NGSDR. Furthermore, the methodology can support future analyses of environmental discourse in defense of the creation of protected areas, since this kind of study is still scarce.



Impacts were dynamic and subject to alterations over the years. The contribution of the mobilization for the creation of the NGSDR and the consequent reduction in silviculture was verified. The results obtained relativize the environmental arguments that native forest areas are being converted into eucalyptus plantations, leading to the destruction of springs and watercourses. However, pasture was the primary use associated with the conversion of these areas. Thus, the importance of relativizing the attention given to silviculture as the only thing directly responsible for the drying of watercourses and springs in this region is emphasized.



This study evidenced the importance of creating the NGSDR PA, which was inserted into a region historically marked by conflicts, as it is a priority area for conservation in the world, since it is characterized as a transition area between two hotspots. The NGSDR guarantees access to land for traditional populations, where land conflicts are significant and increase pressure on ecosystems. Furthermore, the data evidenced the existence of a still relatively conserved landscape that has been improving over the years, in a highly fragmented area marked by few forest remnants.



Therefore, it is necessary to be attentive to the confrontation of different uses, which, despite being different, are not exclusive, and thus they can be reconciled sustainably. Pasture, silviculture, and agriculture, when properly managed, can contribute to reducing pressure on natural resources and ensuring their sustainable use. Meanwhile, these practices increase the income of families, which influences the well-being of the population and may constitute sustainable forms of land use and exploration of natural resources.
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Figure 1. Geographic location of the Nascente Geraizeiras Sustainable Development Reserve (NGSDR) in a regional context. 
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Figure 2. Evolution of land use and occupation of the NGSDR and its surroundings throughout the years, from 1987 to 2017. 
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Figure 3. Kappa index and the general precisions of the classifications by grade for the years 1987 TM (a), 1997 TM (b), 2007 TM (c), 2014 OLI (d), and 2017 OLI (e). 
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Table 1. Environmental, public, and economic arguments associated with the creation of the NGSDR, Minas Gerais State, Brazil.
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	Category
	Argument





	Environmental
	Expansion of silviculture;

Deforestation of the Cerrado areas;

Drying of water springs and a reduction in the volume of watercourses;

Increasing pressure on natural resources and biodiversity.



	Public
	Maintenance of the traditional lifestyle of the local population;

Appreciation and formation of the cultural local identity;

Guaranteeing a base of resources for present and future generations;

Life quality and well-being of the traditional population;

Incorporation of ethical and gender issues.



	Economic
	Assurance of land access and regaining territory;

Maintenance of gathering activities and extensive livestock, historically practiced by the traditional population.
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Table 2. Percentage of the classification for land use and occupation of the NGSDR, Minas Gerais State, Brazil, and its surrounding area (outside), during the years from 1987 to 2017. Outside comprises the NGSDR plus a 20-km buffer around its borders, totaling an area of 392,176.67 ha. The NGSDR has 38,177 ha, limited by the borders of the protected area.
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Classes per Year

	
1987

	
1997

	
2007

	
2014

	
2017




	
Outside (%)

	
Ngsdr (%)

	
Outside (%)

	
Ngsdr (%)

	
Outside (%)

	
Ngsdr (%)

	
Outside (%)

	
Ngsdr (%)

	
Outside (%)

	
Ngsdr (%)






	
Native vegetation

	
58.0

	
56.0

	
57.7

	
56.7

	
58.2

	
60.1

	
58.0

	
60.0

	
57.4

	
60.4




	
Pasture

	
38.0

	
42.2

	
25.3

	
32.9

	
33.4

	
38.5

	
35.3

	
38.8

	
35.2

	
38.4




	
Silviculture

	
2.0

	
0.0

	
15.6

	
9.8

	
4.5

	
1.2

	
5.5

	
0.7

	
6.4

	
0.9




	
Agriculture

	
0.3

	
0.0

	
0.4

	
0.0

	
0.2

	
0.0

	
0.2

	
0.0

	
0.3

	
0.0




	
Rock outcrop

	
0.1

	
0.2

	
0.1

	
0.2

	
0.1

	
0.1

	
0.2

	
0.0

	
0.1

	
0.1




	
Bare soil

	
1.5

	
1.6

	
0.8

	
0.4

	
0.7

	
0.1

	
0.6

	
0.6

	
0.5

	
0.2




	
Water

	
0.1

	
0.0

	
0.1

	
0.0

	
0.1

	
0.0

	
0.2

	
0.0

	
0.2

	
0.0




	
Total

	
100.00

	
100.00

	
100.00

	
100.00

	
100.00

	
100.00

	
100.00

	
100.00

	
100.00

	
100.00











[image: Table]





Table 3. Variation of the landscape metrics: number of patches (NP), mean patch size (MPS), area-weighted mean shape index (AWMSI), and edge density (ED) at the class level during the years from 1987 to 2017 in the NGSDR, Minas Gerais State, Brazil, and its surrounding areas.
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Indices

	
NP

	
MPS

	
AWMSI

	
ED






	
(<5 ha) small

	
1987

	
118

	
1.3

	
2.0

	
0.36




	
1997

	
74

	
1.2

	
2.1

	
0.20




	
2007

	
60

	
1.3

	
1.9

	
0.21




	
2014

	
51

	
1.6

	
1.9

	
0.17




	
2017

	
28

	
1.6

	
1.7

	
0.08




	
(5–50 ha) medium

	
1987

	
306

	
21.8

	
2.1

	
4.58




	
1997

	
277

	
21.9

	
2.0

	
3.87




	
2007

	
111

	
22.7

	
1.9

	
1.51




	
2014

	
417

	
16.4

	
1.9

	
4.92




	
2017

	
685

	
18.9

	
2.2

	
10.75




	
(>50 ha) large

	
1987

	
100

	
2206.2

	
18.9

	
49.31




	
1997

	
100

	
2144.4

	
18.5

	
48.12




	
2007

	
100

	
2379.8

	
16.4

	
42.85




	
2014

	
109

	
2021.9

	
23.7

	
48.08




	
2017

	
139

	
1408.8

	
41.9

	
64.89




	
all

	
1987

	
524

	
434.1

	
18.4

	
54.26




	
1997

	
451

	
503.9

	
18.1

	
52.19




	
2007

	
280

	
844.3

	
16.3

	
44.58




	
2014

	
577

	
393.9

	
23.0

	
53.17




	
2017

	
852

	
245.1

	
39.4

	
75.73
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