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RESUMO 

 

 

CIMA, Isabela. A urgência de conservar os remanescentes do Cerrado no Vale do Paraíba 

Paulista, Sudeste do Brasil. 2022. Trabalho de graduação (Bacharel em Engenharia Ambiental) – 

Universidade Estadual Paulista (Unesp), Instituto de Ciência e Tecnologia, São José dos Campos, 

2022. 

 

 

No Brasil, o Cerrado tem área predominante no planalto central e sítios disjuntos no Sudeste. No 

disjunto paulista, na porção leste, o Cerrado ocorre no Vale do Paraíba Paulista. Considerando a 

degradação do Cerrado na região e a escassez de mapeamento, bem como a necessidade de 

identificação de fatores limitantes ambientais e estado de conservação dos remanescentes, 

objetivamos: (i) mapear os remanescentes de Cerrado na região; (ii) discriminar as formações 

florestais, savânicas e campestres do Cerrado; (iii) avaliar os principais fatores ambientais 

relacionados à ocorrência do Cerrado; e (iv) verificar o estado de conservação dos remanescentes, 

quanto às métricas de paisagem e uso e cobertura da terra no entorno dos remanescentes. Para realizar 

este trabalho, foram utilizadas diferentes fontes de dados geográficos e imagens de satélite. O Vale 

do Paraíba Paulista está localizado entre as metrópoles de São Paulo e Rio de Janeiro, no sudeste do 

Brasil e no domínio geral do bioma Mata Atlântica (floresta tropical). Esperávamos que os fragmentos 

de Cerrado no Vale do Paraíba Paulista fossem pequenos, irregulares e desconectados uns dos outros, 

o que encontramos, e ameaçados pela agricultura e expansão urbana, que também observamos. 

Também esperávamos que a cobertura do Cerrado de diferentes formações fosse pequena e 

verificamos uma área de 3.153,35 ha no Vale do Paraíba Paulista, o que corresponde a apenas cerca 

de 1,5% da cobertura original. Esperávamos que a floresta predominasse e isso foi observado. 

Destacamos a importância das terras rurais privadas para a conservação do Cerrado na região. São 

necessárias políticas públicas direcionadas para garantir a proteção dessas áreas e aumentar a 

conservação do Cerrado no Vale do Paraíba Paulista, dada a escassez de proteção dessa vegetação. 

 

 

Palavras-chave: Remanescentes de Cerrado; Métricas de Paisagem; Conservação de Cerrado; Áreas 

Protegidas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

ABSTRACT 

 

 

CIMA, Isabela. The urgency of conserving Cerrado Remnants in Vale do Paraíba Paulista, 

Southeast Brazil. 2022. Trabalho de graduação (Bacharel em Engenharia Ambiental) – Universidade 

Estadual Paulista (Unesp), Instituto de Ciência e Tecnologia, São José dos Campos, 2022. 

 

 

In Brazil, the savannas have a core area in the central plateau and disjoint sites in the southeast. In 

the São Paulo state, in the eastern portion, the disjoint Cerrado distribution occurs in Vale do Paraíba 

Paulista. Considering degradation of Cerrado in the region and scarcity of mapping, as well as the 

need for identification of environmental limiting factors and conservation status of remnants, we 

aimed: (i) to map Cerrado remnants in the region; (ii) to discriminate forest, savanna and grassland 

formations of Cerrado; (iii) to evaluate main environmental factors related to Cerrado occurrence; 

and (iv) to verify conservation status of remnants, regarding landscape metrics and land use and land 

cover around remnants. To carry out this work, different sources of geographic data and satellite 

images were used. Vale do Paraíba Paulista is located between São Paulo and Rio de Janeiro 

metropolises, in southeast Brazil and in the general domain of the Atlantic Forest biome (tropical 

rainforest). We expected that Cerrado fragments in Vale do Paraíba Paulista were small, irregular in 

shape, and disconnected from each other, which we found, and were threatened by agriculture and 

urban expansion, which we also observed. We also expected that the Cerrado cover of different 

formations would be low and we verified an area of 3153.35 ha in Vale do Paraíba Paulista, only 

about 1.5% of the original cover. We expected that forest would predominate and this was observed. 

We highlight the importance of private rural land for the conservation of Cerrado in the region. Direct 

public policies are needed to guarantee the protection of these areas and increase Cerrado 

conservation in Vale do Paraíba Paulista, given the scarcity of protection of this vegetation. 

 

 

Keywords: Cerrado Remnants; Landscape Metrics; Cerrado Conservation; Protected Areas. 
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1 INTRODUÇÃO 

 

O Cerrado é um complexo vegetacional disposto majoritariamente no domínio do Planalto 

Central do Brasil. Seu centro geográfico está em Brasília, e deste ponto se estende para os estados de 

Goiás, Mato Grosso, Mato Grosso do Sul e Distrito Federal. Há também algumas áreas periféricas 

disjuntas do Cerrado que ocorrem em diversos locais do país, como em Tocantins, Bahia, Maranhão, 

Piauí, Minas Gerais, São Paulo e até mesmo no Paraná. Suas características se assemelham a outras 

Savanas da América tropical e de continentes como a África, Sudeste da Ásia e Austrália. A vegetação 

é considerada uma área transicional entre os outros principais biomas, compartilhando composições 

florísticas, o que dificulta suaa definição e mapeamento (EITEN, 1972). Originalmente o Cerrado 

abrange cerca de dois milhões de quilômetros de extensão, representando 23% de cobertura do 

território brasileiro (RATTER et al., 1997). 

A existência do Cerrado é dada em diversas formas estruturais, que variam desde formações 

campestres a florestas densas e fechadas (EITEN, 1972). Esta variedade fisionômica influencia a alta 

quantidade de espécies do bioma. Segundo Oliveira et al. (2008), no Cerrado há presença de mais de 

10.000 espécies de plantas, sendo destas, 4.000 endêmicas. Devido à perda exponencial de seus 

habitats naturais observada nas últimas décadas, seu alto grau de endemismo e biodiversidade o 

Cerrado é considerado um hostpot (MYERS et al., 2000). Segundo Coutinho (1978) as formações 

campestres, savânicas e florestais do bioma Cerrado são associadas às fisionomias conforme o perfil 

“floresta-ecótono-campo”. Além da importância para a preservação de espécies e vegetação, o 

Cerrado é fundamental para a manutenção de recursos hídricos, devido ao alto potencial de seus 

lençóis freáticos (DURIGAN, 2011). 

A ocorrência de Cerrado é favorecida por condições ambientais, principalmente por fatores 

climáticos e edáficos, pela presença de focos de incêndio e profundidade do lençol freático (EITEN, 

1972; COUTINHO, 1997; DURIGAN et al., 2011; RIBEIRO E WALTER, 2008; WALTER, 2006). 

Diferentes fatores têm sido apontados como determinantes para explicar a distribuição das áreas de 

Cerrado no estado de São Paulo. Alguns autores (EITEN, 1972; SILBERBAUER-GOTTSBERGER 

ET AL.,1977; MANTOVANI E MARTINS, 1993) argumentam que a incidência de geada seria 

limitante para as espécies de plantas de Cerrado. Contudo, há evidências de espécies de Cerrado que 

também ocupam áreas susceptíveis a geadas (BRANDO E DURIGAN, 2004).  

A geomorfologia do Brasil possui um papel fundamental para a conjuntura de fisionomias do 

Cerrado. Estas fisionomias localizam-se sob solos aplainados ou levemente ondulados devido a 

intensos processos de erosão (MCCLAIN et al., 2001). Cerca de metade do território do Cerrado 

compreende altitudes entre 300 e 600 m. Apenas 5,5% vão além de 900 m, chegando até cerca de 
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1100 m (COUTINHO, 1997). Aproximadamente 50% do Cerrado corresponde a regiões do período 

Pré-Cambriano, 30% ao período Cretáceo e 20% a outros períodos (MCCLAIN et al., 2001). Nesse 

contexto, é válido ressaltar que a Bacia Paraíba do Sul localizada no Vale do Paraíba, pertence ao 

complexo Pré-cambriano (DEVIDE, 2013). 

A incidência de fogo, fator associado às dinâmicas da vegetação de Cerrado, mantém as 

fisionomias abertas (COUTINHO, 1990), e sua ausência favorece o adensamento dos remanescentes 

(DURIGAN ET AL., 2007). O clima e o solo conjuntamente são apontados também como fatores 

determinantes. Sob o clima Tropical sazonal, de inverno seco (COUTINHO, 1990) predominante no 

domínio do Cerrado em São Paulo, onde os solos são mais férteis, a vegetação clímax são florestas 

de planalto decíduas e semidecíduas (OLIVEIRA-FILHO E RATTER, 2002); e nos Latossolos 

Vermelho-escuro e Vermelho-amarelo (GOODLAND, 1971), o Cerrado predomina. A textura do 

solo influencia na capacidade de drenagem e disponibilidade de água e nutrientes. À medida que essa 

disponibilidade aumenta, aumentam também as espécies lenhosas, bem como a densidade florestal 

(WALTER, 2006). 

O fogo frequente é outro fator à biodiversidade da vegetação de Cerrado. Ele ocorre 

naturalmente na estação seca (maio a setembro) e pode favorecer a germinação de sementes que 

necessitam do choque térmico para a quebra de sua dormência vegetativa (NASCIMENTO, 2000). 

Focos de incêndio também podem ser relacionados a áreas antropizadas ou sob ação de queimadas, 

se tornando danoso à vegetação nativa, e impedindo a sucessão de espécies florestais (DURIGAN, 

2007). A profundidade do lençol freático explica também as diferenças nas fisionomias de Cerrado. 

Quanto maior a disponibilidade de água e nutrientes, maiores tendem a ser o dossel florestal e a 

densidade de folhas (DURIGAN et al., 2011).  

A devastação do Cerrado atingiu taxas altíssimas devido à pouca proteção legal. Enquanto 

que para a Amazônia é exigido um resguardo de 80% de sua reserva legal, o percentual para o Cerrado 

é de 20% segundo o Código Florestal. Suas áreas foram intensamente ocupadas pela agricultura e 

pecuária. Ainda que os solos do Cerrado não sejam um dos substratos mais favoráveis à agricultura, 

o problema que apresentam de acidez é facilmente corrigido por calagem, tornando-se cultiváveis. 

Assim, muitas de suas vegetações são queimadas para abrir novas áreas agrícolas (KLINK; 

MACHADO, 2005). 

No estado de São Paulo, originalmente as fitofisionomias de Cerrado ocupavam 18,2% de sua 

área (VICTOR, 1975), que entre 1962 a 1992 foram reduzidas em 87%, convertidas principalmente 

em pastagens cultivadas, cana-de-açúcar, rodovias, reflorestamento e culturas anuais (KRONKA ET 

AL., 1998). Atualmente, estima-se que o Cerrado ocupe 1% do estado (248,8 mil km2). Na porção 

leste do estado de São Paulo, a presença de Cerrado situa-se no Vale do Paraíba Paulista. Esta 
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vegetação, em forma de enclaves no bioma Mata Atlântica, se propagava pelas planícies do Rio 

Paraíba do Sul (MATSUMOTO E BITTENCOURT, 2001). A vegetação original de Cerrado presente 

na calha aluvial do Vale foi queimada e derrubada em consequência do ciclo do café. Posteriormente 

a região tornou-se um corredor de urbanização por interligar as duas grandes metrópoles Rio de 

Janeiro e São Paulo, o que também agravou o desmatamento deste Cerrado (DEVIDE, 2013).  

Estudos florísticos e fitossociológicos sobre a vegetação de Cerrado no estado de São Paulo 

relatam as fisionomias campestres, savânicas e florestais em toda região, tendo considerável 

predominância das florestais (GIBBS ET AL., 1983; SILBERBAUER-GOTTSBERGER; EITEN, 

1983; MANTOVANI E MARTINS, 1993; LINDOSO; SIQUEIRA E DURIGAN, 2007, KRONKA 

ET AL. 1998). No Vale do Paraíba Paulista, Júnior (2015), Nunes e Souza (2016), Guimarães (2017) 

e Rocha (2017) encontraram a presença de savana arbórea aberta e savana gramíneo-lenhosa em 

alguns fragmentos. Durigan e colaboradores (2003) indicaram a área de Cerrado ocorrente no Centro 

Técnico Aeroespacial (CTA), município de São José dos Campos, como uma das áreas prioritárias 

para conservação do Cerrado no estado de São Paulo, devido bom estado de conservação. 

A mesorregião do Vale do Paraíba Paulista (Região Metropolitana do Vale do Paraíba e 

Litoral Norte ou RMVale: São Paulo, 2012), com área total de 16.179,947 km2 e população de 

2.264.594 habitantes em 2010 (IBGE, 2011), é composta por 39 municípios, agrupados em seis 

microrregiões: Bananal, Campos do Jordão, Caraguatatuba/Litoral Norte, Guaratinguetá, Paraibuna 

e Paraitinga, e São José dos Campos. Atualmente, os fragmentos de Cerrado restantes no Vale do 

Paraíba ocupam pouco mais de 1% da área original. Destes fragmentos, a maioria encontra-se sem 

proteção legal e situada em propriedades particulares (JÚNIOR, 2015).  

Os estudos para monitorar a vegetação de Cerrado através de sensoriamento remoto e sistemas 

de informações geográficas se concentram principalmente no Planalto Central, região de maior 

ocupação do bioma. Para o estado de São Paulo, o Instituto Florestal produziu um diagnóstico da 

cobertura vegetal levando em consideração a fisionomia de Savana conhecida internacionalmente. 

Entretanto, as versões apresentadas do Instituto Florestal trazem metodologias diferentes, e os 

conceitos fitofisionômicos da Savana variam ao longo do tempo (KRONKA et al., 2011). No Vale 

do Paraíba Paulista, há poucos estudos de mapeamento de remanescentes de Cerrado. Anõn (2019) 

analisou a distribuição espacial de Cerrado florestal em seis municípios do Vale do Paraíba Paulista, 

trazendo 14,63 km² de remanescentes mapeados desta fisionomia. Outros estudos de mapeamento 

comprovam que restam aproximadamente 1% da vegetação original na região (Morelli, et al. 2003; 

Júnior, et al. 2015).  

Tendo em vista a escassez de mapeamentos de remanescentes na região do Vale do Paraíba 

Paulista, bem como a importância de se preservar a vegetação do Cerrado por sua alta biodiversidade 
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e endemismo, este trabalho propôs (i) mapear as áreas de remanescentes de Cerrado nesta região; (ii) 

discriminar as três formações fisionômicas floresta, savana e campo; (iii) avaliar os principais fatores 

ambientais (edáficos-climáticos) relacionados a ocorrência de Cerrado; (iv) verificar o estado de 

conservações dos remanescentes de Cerrado, quanto às métricas de paisagem e uso e cobertura da 

terra no entorno dos remanescentes. 
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2 ARTIGOS SUBMETIDOS E/OU APROVADOS 

 

2.1 Artigo – Cima, I.S.; Amaral, S.; Massi, K.G. The urgency of conserving Cerrado 

Remnants in Vale do Paraíba Paulista, Southeast Brazil 

 

 

The urgency of conserving Cerrado Remnants in Vale do Paraíba Paulista, Southeast Brazil‡ 

 

Isabela Silva Cima1, Silvana Amaral2, Klécia Gili Massi1 

1: Departamento de Engenharia Ambiental, Instituto de Ciência e Tecnologia, Universidade Estadual 

Paulista “Júlio de Mesquita Filho” - Unesp, São José dos Campos, SP, 12247-004, Brazil 

2:  Division of Earth Observation and Geomatics (DIOTG),  National Institute for Space Research - 

INPE, São José dos Campos, SP, 12227-010, Brazil 

ABSTRACT 

 

In Brazil, the savannas have a core area in the central plateau and disjoint sites in the southeast. In 

the São Paulo state, in the eastern portion, the disjoint Cerrado distribution occurs in Vale do Paraíba 

Paulista. Considering degradation of Cerrado in the region and scarcity of mapping, as well as the 

need for identification of environmental limiting factors and conservation status of remnants, we 

aimed: (i) to map Cerrado remnants in the region; (ii) to discriminate forest, savanna and grassland 

formations of Cerrado; (iii) to evaluate main environmental factors related to Cerrado occurrence; 

and (iv) to verify conservation status of remnants, regarding landscape metrics and land use and land 

cover around remnants. To carry out this work, different sources of geographic data and satellite 

images were used. Vale do Paraíba Paulista is located between São Paulo and Rio de Janeiro 

metropolises, in southeast Brazil and in the general domain of the Atlantic Forest biome (tropical 

rainforest). We expected that Cerrado fragments in Vale do Paraíba Paulista were small, irregular in 

shape, and disconnected from each other, which we found, and were threatened by agriculture and 

urban expansion, which we also observed. We also expected that the Cerrado cover of different 

formations would be low and we verified an area of 3153.35 ha in Vale do Paraíba Paulista, only 

about 1.5% of the original cover. We expected that forest would predominate and this was observed. 

We highlight the importance of private rural land for the conservation of Cerrado in the region. Direct 

public policies are needed to guarantee the protection of these areas and increase Cerrado 

conservation in Vale do Paraíba Paulista, given the scarcity of protection of this vegetation. 

 

Keywords: Cerrado Remnants; Landscape Metrics; Cerrado Conservation; Protected Areas. Land 

use and cover. 

 

 

                                                           
‡Artigo elaborado de acordo com as normas do Periódico Journal for Nature Conservation (Print Version JNC-

D-22-00240. Submetido em 28/06/2022.  
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1. Introduction 

Savanna ecosystems in tropical regions occur mainly in Africa, Australia, South America, and 

southern Asia (Whittaker, 1975) being characterized as mixed tree-grass systems along with a 

discontinuous tree canopy above a continuous grassy layer (Scholes & Archer, 1997). In South 

America, the savannas of Brazil - the Cerrado - originally occupied 22% of the Brazilian territory, 

with a core area in the central plateau; with disjoint areas occurring to the north and south, mainly 

bordering tropical forests (Ratter et al., 1997). The Cerrado is recognized as a global biodiversity 

hotspot, housing around 10,000 plant species, of which 44% are endemic (Ratter et al., 1997; Castro 

et al., 1999; Myers et al., 2000; Kier et al., 2005; Mendonça et al., 2008). The Cerrado formations 

range from grassland-savanna-forests (Eiten, 1972; Coutinho, 1978), where the importance of the 

woody layer increases and the herbaceous layer decreases inversely (Coutinho, 1982).  

Originally, Cerrado covered 23% of Brazil, and currently, 54.4% of the biome remains 

(Mapbiomas - Collection 6, 2020, https://mapbiomas.org/download). In São Paulo state, a disjoint 

occurrence area, the Cerrado originally occupied 15.4 - 18.2% of the state, mostly diagonally in the 

central portion (Eiten, 1972, Victor, 1975), and nowadays this proportion has reduced to 3% (São 

Paulo, 2020). Agriculture and urban expansion are major Cerrado deforestation drivers in Brazil and 

in São Paulo state (Mapbiomas - Collection 6, 2020, https://mapbiomas.org/download), . In addition, 

protected areas represent less than 20% of the remaining Cerrado in São Paulo state (Fundação 

Florestal, 2020) and private rural land has mandatory legal reserves of only 20% in the biome. When 

Cerrado is in Amazon territory the legal reserve goes to 35% of the land size (Brazil Law 

12.651/2012, 2012).  

Within São Paulo state, in the eastern portion, Cerrado occurs in Vale do Paraíba Paulista. 

This vegetation, in the form of enclaves into the Atlantic Forest biome, spread across Paraíba do Sul 

River plains (Matsumoto & Bittencourt, 2001). Cerrado degradation started in the 20th century in the 

region, especially related to an urbanization corridor connecting the two large Brazilian metropolises 

Rio de Janeiro and São Paulo (Devide et al., 2013). Currently, the remaining Cerrado cover in Vale 

do Paraíba is little studied, but estimates are around 1 % (Morelli et al. 2003; Júnior, 2015, Anon, 

2019). In addition, are unknown the cover of different Cerrado formations. Only recently, the São 

Paulo state Forestry Inventory registered Cerrado occurrence in Vale do Paraíba, regarding savanna 

and forest formations (Kronka et al, 2007). 

According to Ab' Saber (1970), Cerrado in Vale do Paraíba results from changes in climatic 

conditions, making the region colder and drier at the end of Quaternary and favoring the occurrence 

of more open vegetations in small transition zones among least fertile soils in the hill sea domains 

(thus, islands of Cerrado). In addition, its occurrence is also influenced by other factors such as soil, 

geomorphology, fire, and soil water drainage (Eiten, 1972; Coutinho, 1997; Durigan et al., 2003; 

Ribeiro & Walter, 2008; Walter, 2006). Floristic and phytosociological studies on Cerrado vegetation 

in the region report grassland, savanna, and forest physiognomies, with forest predominance (Eiten, 

1983; Mantovani & Martins, 1993; Lindoso, 2007; Durigan, 2007, Kronka et al. 1998). 

The status of conservation of these Cerrado remnants is also not well studied. Júnior (2015) 

found that 80% of Cerrado fragments in Caçapava municipality were in an intermediate degradation 

status with a strong edge effect, which in the long term may harm species diversity. A scientific report 

of 2006 attested that 7% of Cerrado remnants in the region are invaded by invasive grasses (Durigan 

et al., 2003) and identified 86 remnants in São José dos Campos, Caçapava, and Taubaté 
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municipalities that should be protected. The conservation status of Cerrado in other portions of Vale 

do Paraíba Paulista are unknown. 

Considering degradation of Cerrado in Vale do Paraíba Paulista region, southeast Brazil, and 

scarcity of mapping, as well as the need for identification of environmental limiting factors and 

conservation status of remnants, we aimed: (i) to map Cerrado remnants in the region; (ii) to 

discriminate forest, savanna and grassland formations of Cerrado; (iii) to evaluate main 

environmental factors related to Cerrado occurrence; and (iv) to verify conservation status of 

remnants, regarding landscape metrics and land use and land cover around remnants. We expected 

that Cerrado fragments in Vale do Paraíba Paulista were small, irregular in shape, disconnected from 

each other, and were threatened by agriculture and urban expansion. We also expected that the 

Cerrado cover of different formations would be small and that forest predominated. 

 

2. Methods  

2.1 Study Area 

Vale do Paraíba Paulista (VPP) Mesoregion (shown in Figure 2), is located between two 

mountain ranges - Serra da Mantiqueira and Serra do Mar - in the eastern region São Paulo state, in 

Paraíba do Sul watershed. The VPP Mesoregion comprises 39 municipalities, with 2.5 million 

inhabitants and 16,178 km² of extension, between the São Paulo and Rio de Janeiro metropolises 

(IBGE, 2011). The valley is in the general domain of the Atlantic Forest biome (tropical rainforest). 

However, in the Quaternary period, an intense process of chemical and pedogenetic weathering 

shaped the valley and made environmental conditions suitable for Cerrado (tropical savanna) 

(Ab’Saber, 2000).  

Gold transportation route started the degradation process between the 17th and 18th centuries, 

followed by sugarcane plantations in the region; however, it was only in the 19th century that Atlantic 

Forest was mostly deforested due to coffee agriculture expansion (Dean 1996; Devide et al., 2013). 

Cerrado degradation started in the 20th century in the region, especially because of the urban and 

industrial development in the alluvial plains of Paraíba do Sul River ( Victor et al., 2005). Since 2011, 

the region has been consolidated as a metropolis along the Presidente Dutra highway, which has 

resulted in major environmental impacts (Devide, 2013) and more deforestation of Cerrado and 

Atlantic Forest remnants (Victor et al., 2005). 

 

2.2 Spatial database 

This study started by identifying environmental factors that influence occurrence of Cerrado 

in Vale do Paraíba Paulista (VPP) in the literature. We used spatial analysis of favorable factors to 

reduce mapping efforts to areas with some probability of Cerrado occurrence. Next, we analyzed and 

validated spectral responses of the different Cerrado formations, located in the municipalities of São 

José dos Campos and Caçapava. The Cerrado mapping was then expanded for the whole VPP based 

on the visual interpretation of high-resolution images (methodology is summarized in Fig. 1). 
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Fig.1 Flowchart Method 

 

To carry out this work, different sources of geographic data and satellite images were used. 

These data were systematized in a geographic database and geographic information systems, using 

the Quantum Gis 3.16 and Terraview 5.4 software.  

Edaphic and climatic data were used to identify the favorable areas of the Cerrado occurrence. 

The Pedological Map of São Paulo (Rossi, 2017) at a scale of 1:750,000 was the database to obtain 

the categorical variables of soil class, soil texture, and relief. Data for climatological characterization 

were accessed from WordlClim/AMBDATA, 2019 (http://www.dpi.inpe.br/Ambdata/) as a grid of 

1km resolution, for annual average precipitation and temperature variables. The altitude and slope 

data were obtained from the Topodata Project, 2011 (http://www.dsr.inpe.br/topodata/) on a scale of 

1:250,000, approximately 30m resolution. 

Cerrado formation spectral responses images were used from a Sentinel 2B database, from 

10/28/2020, product level 1-C, with 10 m of spatial resolution, downloaded from the Copernicus 

repository, bands 4 (R), 3 (G), and 2 (B) in addition to the near-infrared band 8, which was also used 

to compose NDVI image. Cerrado mapping was based on high-resolution images from the Bing Maps 

repository in the Quantum Gis 3.16 software. Bing Maps repository is a global mapping service that 

provides image compositions obtained by different orbital sensors, with spatial resolutions ranging 

from 78271 (at zoom level 1) to 0.30 m per pixel (at zoom level 19) (Microsoft, 2018). In general, 

the available images refer to 2010 and 2011 in the 10 maximum zoom compositions. 

The MapBiomas repository, Collection 6, 2020 (https://mapbiomas.org/download) was used 

to analyze land use cover around Cerrado fragments mapped in a buffer of 500 m. The collection 

contains 36 years (1985 to 2020) of land use and land cover annual maps with 30 m of scale. In this 

study, the collection was used for 2020 in order to understand the current status of the land use and 

land cover surrounding Cerrado remnants. 

 

 

 



16 

 

2.3 Favorable areas for the occurrence of Cerrado 

Initially, abiotic factors conditioning the existence of Cerrado in VPP were listed according 

to the pertinent literature. Edaphic and climatic factors are the environmental components most 

frequently associated with the occurrence of the Cerrado (Eiten, 1972; Coutinho, 1997; Durigan et 

al., 2011; Ribeiro & Walter, 2008; Walter, 2006), i.e., (i) seasonal climate regarding precipitation 

(Eiten, 1972); (ii) low fertility and acidic soils - in general, Latosol, clay-sand texture (Ab’Sáber, 

1983); and flat to undulating relief, with slopes ranging from 0 to 30 degrees, and low altitude 

(Coutinho, 1997; Mcclain et al., 2001). Then, a geographic database was built containing 

environmental data for each relevant variable. To enable data integration and interpretation, the 

relevant environmental data were summarized into a cellular grid, with a spatial resolution of 1x1 

km. This cell size resulted from study area extension and the spatial resolution of databases. 

Relevant attributes of each factor were included in each cell using the Attribute fill option, at 

Terraview software. The numerical matrix data, such as average annual temperature, average annual 

precipitation, slope, and altitude were inserted into the cell grid by calculating the average of each 

pixel. Categorical vector data such as soil class, soil texture, and relief were filled in by the most 

frequent class operation. 

Geographic bases in the cellular grid were simplified to represent the relevance of the 

variables for the Cerrado occurrence: the map was binarized, considering classes or values relevant 

(value 1) or irrelevant (value zero) for the occurrence of Cerrado, according to the criteria indicated 

by the literature. The binary values of each class were summed in order to identify regions in the map 

where the greatest number of factors were relevant to Cerrado occurrence (largest sum of values 1). 

The spatial distribution of areas favorable to Cerrado occurrence was compared to original vegetation 

mapping for the region (Funcate, 2010, https://www.funcate.org.br/pt/).  

 

2.4 Mapping Cerrado remnants 

To identify and map the Cerrado remnants, we first studied the spectral response of different 

Cerrado vegetation types or phyto physiognomies: woody formation, savanna formation, and 

grassland formation, according to the concept of Coutinho (1978). Fifty-four samples of the Cerrado 

formation were analyzed and compared to other classes of land cover at the municipalities of São 

José dos Campos and Caçapava. From Sentinel 2B image (10/28/2020, product level 1-C, 10m of 

spatial resolution) for the VPP, Color compositions true-color RGB 4(R) 3(G) 2(B), and false-color 

RGB 8(R) 4(G) 3(B), and the Normalized Difference Vegetation Index (NDVI) were used to obtain 

spectral profiles of Cerrado vegetation types. 

The most favorable areas for Cerrado occurrence, obtained as described previously, were a 

guide to the remnant mapping. The spectral analysis of vegetation types and the small size of Cerrado 

remnants indicated that it was appropriate to map the entire VPP through visual interpretation of high-

resolution images. High-resolution images from the Bing Maps repository were accessed in a 

geographic information system (QGis) to support the manual digitization of Cerrado areas, creating 

polygons of Cerrado remnants. The mapping was digitized mostly at a scale of 1:2000.  

The three types of Cerrado vegetation: woody, savanna, and grassland formation, were 

differentiated in images using a classification key, considering categorical elements of visual 

interpretation. Table 1 presents the classification key, examples of the patterns for each vegetation 

type class observed in the images, and general aspects of the vegetation landscape.  
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Table 1  

Categorical elements for classification of different vegetation formations of Cerrado – Grassland, 

Savanna and Woody- in the Vale do Paraíba Paulista, southeast Brazil. 

Classification 

Attribute 

VEGETATION FORMATION 

Grassland Savanna Woody 

Density 

Open vegetation 

with few scattered 

shrubs and small 

trees 

Less open vegetation 

with presence of 

shrubs and trees more 

densely grouped 

Closed vegetation with f 

trees densely grouped 

Size (height) Low Medium Higher 

Color and 

Tone 

Light brownish 

green (due to high 

soil exposure) 

Grayish green and 

brownish (some soil 

exposure) 

Darker grayish green 

Texture 
Rough and mostly 

homogeneous 

Rough and mostly 

heterogeneous 

Rough and mostly 

heterogeneous 

Shadow 
Little or non-

existent 

Sparsely rounded tree 

canopy 

Rounded and closed tree 

canopy 

Land 

morphology 
Plains Plains Plains 

Structure 

Predominantly 

herbaceous 

vegetation, few and 

scattered shrub-tree 

individuals 

Herbaceous and 

shrub-tree vegetation 

in equal proportion. 

Spacing between 

shrub-tree individuals 

Trees constituting a 

continuous canopy. 

Little or no spacing 

between individuals 

Class of 

frequent 

confusion 

Pasture - generally 

herbaceous 

vegetation with a 

brighter shade of 

green, and absence 

of rounded bushes. 

Rocky outcrops - 

shrubby herbaceous 

vegetation, 

distinguished by the 

presence of rocky 

formations 

Gallery forest, Atlantic 

forest and planted forest 

- height of the upper 

canopy. Pointed or not 

so rounded shape. In the 

case of planted forests, 

they form a 

homogeneous canopy. 
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Example of 

Patterns 

observed 

at Bing Map 

Images 

   

Example of 

Patterns 

observed in 

the field 

   

 

Mapped areas were validated with fieldwork, where the exact location of each polygon of 

Cerrado fragment and pictures of each Cerrado formation were collected, and a specialist in Cerrado 

structure and composition validated the class attribution. The fieldwork took place on 29 September 

2020 and October 2, and December 3, 2021. Thirty-seven areas of different Cerrado formations were 

mapped. Fieldwork validated whether the mapped vegetation corresponded to a Cerrado remnant; 

which vegetation formation, and if there were native species and floristic composition compatible 

with Cerrado or other ecosystems 

 

2.5 Cerrado remnants evaluation 

Once Cerrado was validated, we computed landscape metrics using the Arcmap (10.5) 

extension Patch Analyst (version 5.2.0.16) to analyze the conservation aspect and land use and land 

cover of each Cerrado remnant and surroundings. The chosen metrics for area, shape, and 

neighborhood analysis were: the number of total patches, patch size, shape index, and distance to the 

nearest neighbor. The size metrics characterize the extent of remnants in Vale do Paraíba Paulista, 

and whether the fragments are dispersed in small or large sizes. Shape metrics characterize their 

fragilities regarding edges, and neighborhood metric presents connectivity since it shows how close 

they are to each other (McGarigal, 1995).  

To understand the land use and land cover in Cerrado surroundings, a buffer of 500 m was 

generated for each Cerrado patch. Using the image repository of the MapBiomas (Projeto MapBiomas 

- coleção 6, 2020, https://mapbiomas.org/download), we calculated which land use and land cover 

classes were more representative within the established limit. For each buffer area of each Cerrado 

patch, we calculated, based on mapping algebras, the percentage of each MapBiomas land use and 

land cover class.  

In some areas of Cerrado remnants, more than one vegetation formation was present. To 

assess areas that contain Cerrado fragments with different and adjacent formations, we merged these 
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adjacent polygons. For merged fragments, we also computed their landscape patch metrics and 

created a 500 m buffer to analyze the land cover frequency, based on MapBiomas mapping. Mapping 

of Cerrado remnants was also cross-referenced with Brazilian land network database (Freitas et al, 

2018) to assess whether and how many patches are located in public or private areas. 

 

3. Results  

3.1 Identification of favorable areas of Cerrado in the Vale do Paraíba Paulista 

Integrated environmental conditions (from 0 to 7) point to Cerrado occurrence in the central 

portion of the study region, along Paraiba do Sul river depression (Fig. 2). The sum of environmental 

factors shows that the region closest to Paraíba do Sul River has edaphic-climatic conditions more 

favorable to Cerrado occurrence. The region from Tremembé to Cachoeira Paulista has about six to 

seven favorable factors for the distribution of Cerrado vegetation (average annual temperature, 

average annual precipitation, soil class, soil texture, relief, declivity, and altitude). Caçapava has a 

large part of its territory with five environmental factors. 

 

 
Fig. 2. Distribution of favorable environmental factors for Cerrado occurrence in Vale do Paraíba 

Paulista, southeast Brazil. 

 

For spectral responses analysis in a clipping of Vale do Paraíba Paulista, 26 samples were 

taken for the water class, divided into subclasses (water 1, water 2 and water 3) because they present 

different spectral responses and carry different patterns in the images. For urban targets, 62 samples 

were acquired related to ceramic roof and house targets, and 13 samples for targets with cement and 

asphalt roofs. For the Grassland Cerrado and Savanna classes, eight samples were acquired for each, 

and 46 samples for the woody Cerrado. For the planted forests class, 33 samples were obtained, and 

11 for the pasture class. 
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The boxplot (Fig. 3) aimed to analyze mean values of  NDVI spectral responses and their 

variability. In general, water class samples comprise NDVI values below zero. The urban area class 

samples ranged from approximately 0 to 0.18. The sample classes of the cerrado, campestre and 

pasture class are between 0.3 and 0.45. The savannah cerrado has NDVI values between 0.5 to 0.65. 

Finally, the classes of forest savanna and planted forest had their samples varying around 0.6 and 

0.81.  

It was inferred that Grassland Cerrado and pasture classes, as well as Savanna Cerrado and 

planted forest, have similar NDVI spectral responses. Thus, the supervised digital classifier based 

only on spectral responses would hardly be able to distinguish similar coverages. The distinction 

between these classes would be related to species composition, in the case of pasture and Grassland 

Cerrado, and also to the height, in the case of  woody Cerrado distinction from other forests that occur 

in the Valley. 

 

 
Fig. 3. Variability of the Normalized Difference Vegetation Index for cover classes in Vale do Paraíba 

Paulista 

 

3.2. Mapping Cerrado remnants 

Total area of Cerrado remnants mapped in the Vale do Paraíba Paulista was 3153.35 ha. As 

already indicated, the distribution of Cerrado remnants is present along the Paraíba do Sul river 

depression (Fig. 4). Most Cerrado remnants occurred in São José dos Campos, Caçapava, Cachoeira 

Paulista, Lorena, and Tremembé. 
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Fig. 4. 

Cerrado remnants in Vale do Paraíba Paulista (2010-2011), southeast Brazil. 

 

We mapped 955.85 ha of grassland formations, 285.91 ha of savanna, and 1911.59 ha of 

woody formations in Cerrado in Vale do Paraíba Paulista (Table 2). Remnants had 10.55 ha on 

average (Table 2). Woody Cerrado had more total area and more polygons, while savanna formation 

had the highest size variation (Table 2). 

 

Table 2 

Statistics of Cerrado remnants in Vale do Paraíba Paulista, southeast Brazil. 

Cerrado 

Formations 

Polygons 

(n) 

Minimum 

Area (ha) 

Maximum 

Area (ha) 

Average 

Area 

(ha) 

St 

Dev 

Total 

area 

(ha) 

Grassland 39 0.73 99.64 24.51 11.10 955.85 

Savanna 46 0.66 90.97 6.21 13.21 285.91 

Woody 214 0.61 107.32 8.93 12.70 1911.59 

Total 299 0.61 107.32 10.55 15.30 3153.35 

 

From mapped areas, 45 validation points were verified in the field, which generated a 

confusion matrix in order to understand the accuracy of this mapping sample of Cerrado. Results 

showed that grassland and woody formations had significant accuracies compared to the savanna 

formation, i.e., a greater probability of having been correctly mapped (Table 3). The "Others" class 

corresponds to the false-Cerrado areas previously mapped and which, in the field, do not represent 
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the Cerrado. Overall accuracy was not high because the field work focused on remnant polygons with 

higher classification uncertainty, and  it was a small number of validated Cerrado patches, compared 

to mapped ones (299). 

 

Table 3 

Confusion Matrix of Cerrado Validation Points 

Mapped Cerrado 

Classes 

Field Work Cerrado Classes 

Grassland 

Formation 

Savanna 

Formation 

Woody 

Formation 
Others Total 

User's 

accuracy 

Grassland 

Formation 
7 1 0 5 13 0.54 

Savanna 

Formation 
0 3 1 1 5 0.6 

Woody 

Formation 
1 2 12 12 27 0.44 

Total 8 6 13 18 45 - 

Producer's 

accuracy 
0.87 0.5 0.92 - - - 

Overall 

Accuracy 
0.49 

 

3.3. Cerrado remnants evaluation 

Most individual Cerrado and merged remnants were 2 to 10 ha in size and 1.1 to 1.7, regarding 

shape irregular (Fig. 5, A to D). Individual patches were 300-600 m distant between each other, while 

merged remnants were 600-1050 m distant (Fig. 5, E and F). The Nearest Neighborhood Analysis 

results showed the Z-score less than -4 which means that patches are clustered and significantly apart 

from each other (Table 4). Fewer Cerrado patches were big, circular and close to each other (Fig. 5).  
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Fig. 5. Landscape Metrics Results for the Cerrado Remnants in VPP 

 

Table 4.  

Neighborhood distance analysis  

Cerrado Remnants 

Observed 

Mean 

Distance 

Expected 

Mean 

Distance 

Nearest 

Neighbor 

Index 

Number 

of Points 
Z-Score 

Individual Patches 634.11 2659.30 0.24 299 -25.19 

Merged Patches 859.28 3058.79 0.28 226 -20.68 
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Analyzing how Mapbiomas classified Cerrado remnants in the study region (Table 5), we 

found that, in general, pasture and mosaic agriculture and pasture (together 53.9%) and native forest 

(38.4%) are the classes associated with the remnants. Grassland formations are generally classified 

as pasture, savanna formations, as mosaic agriculture and pasture, and forest formation, as native 

forest.  

 

Table 5 

Classified land use and land cover in Cerrado remnants mapped in Vale do Paraíba Paulista, southeast 

Brazil. 

Cerrado Remnants 

Mapped 

Forest 

Formation 

Forest 

Plantation 
Pasture 

Temporar

y Crop 

Mosaic 

Agriculture 

and Pasture 

Urban 

Area 

Grassland Formation 0.3% 0.3% 67.5% 2.6% 21.3% 8.1% 

Woody Formation 51.0% 0.03% 6.4% 3.0% 35.2% 4.3% 

Savanna Formation 11.8% 0.0% 15.2% 5.3% 66.0% 1.7% 

Total 38.4% 0.1% 15.8% 3.3% 38.1% 4.4% 

 

Lastly, we verified land use and land cover around Cerrado remnants (500 m buffer) and we 

observed that pasture (46.9%), urban area (22.8%), and mosaic of agriculture and pasture (15.4%) 

predominated in the study region (Table 6).  

 

Table 6 

Percentage of Land use and land cover around Cerrado remnants in Vale do Paraíba Paulista, 

southeast Brazil. 

Classes Minimum Maximum Mean Median 
Standard 

Deviation 

Forest 

Formation 
0.00% 27.73% 5.17% 2.71% 0.063 

Forest 

Plantation 
0.00% 31.94% 1.51% 0.00% 0.049 

Pasture 0.00% 94.64% 46.94% 49.58% 0.305 

Sugar cane 0.00% 3.51% 0.11% 0.00% 0.005 

Mosaic 

Agriculture 

and Pasture 

0.00% 44.29% 15.44% 13.99% 0.103 
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Beach, Dune 

and Sand 

Spot 

0.00% 4.51% 0.44% 0.00% 0.009 

Urban Area 0.00% 99.92% 22.83% 6.92% 0.308 

Other non 

Vegetated 

Areas 

0.00% 4.51% 0.44% 0.00% 0.009 

River, Lake 

and Ocean 
0.00% 5.84% 0.33% 0.00% 0.010 

Other 

temporary 

Crops 

0.00% 91.97% 7.21% 0.00% 0.190 

Coffee 0.00% 0.59% 0.01% 0.00% 0.001 

 

Of 299 fragments of Cerrado remnants mapped, 265 intersected with data from property limits 

mapped by Freitas et al (2018). From this analysis, 232 patches (85.5%) were located on private 

properties (CAR and private properties in SIGEF/INCRA). About public properties, only 2 patches 

intersect, one from Rural Settlement and another from Public properties in SIGEF/INCRA. 25 

fragments of Cerrado remnants intersect with roads and six were located in Urban Area, thus 

presenting greater vulnerability to their vegetation because of the human impact.   

 

4. Discussion 

The distribution of Cerrado in Vale do Paraíba Paulista was influenced by climate, soil, relief, 

slope and altitude, as verified in other Cerrado regions (Eiten, 1972; Coutinho, 1997; Durigan et al., 

2011; Ribeiro & Walter, 2008; Walter, 2006). The areas shown to be most likely for Cerrado 

occurrence coincided spatially with its original distribution (Funcate, 2010), along the alluvial plain 

of Paraíba do Sul River, indicating an important role of environmental factors in limiting its extension 

in the region. In São Paulo state, Cerrado is considered disjoint (Ratter et al., 1997: the core area is 

in central Brazil) and throughout São Paulo state Cerrado distribution a few studies have considered 

the existence of this biome in Vale do Paraíba Paulista (typically as islands, as Ab'Saber, 1970, 

Durigan & Siqueira, 2007, Morelli, 2003). The last São Paulo State Forest Inventory (SÃO PAULO, 

2020) did not show Cerrado in Vale do Paraíba and we suggest that to be reviewed. 

 We found 1.47% of the original Cerrado distribution still present in the studied region, 

distributed in woody (60.6% of remnants), grassland (30.3%) and savanna formations (9.1%). This 

proportion is less than the proportion of the remaining area at the Cerrado biome in São Paulo state 

(3%: São Paulo, 2020) and substantially lower than in Brazil (54.4%: Mapbiomas, 2020). Some 

studies have shown a unique and typical flora for the Cerrado in Vale do Paraíba Paulista (Durigan 

et al., 2001; Durigan & Siqueira, 2007; Mazzeo, 2010). Thus, the loss of original cover for Cerrado 

in the region may also indicate biodiversity loss, as found in other regions (Coelho et al., 2020). 
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Cerrado remnants were mainly present in São José dos Campos (33.8%), Caçapava (22.1%), 

Taubaté (18.4%), Cachoeira Paulista (5.3%) and Tremembé (2.7%) municipalities, especially in rural 

and peri-urban land of CAR and SIGEF private properties, pointing the importance of these private 

areas to Cerrado conservation in the region. Of the remnants found on private properties (232 

patches), 62.5% corresponded to private areas 37.5% to public ones. Therefore, all were in rural areas. 

Lately, one of these municipalities - São José dos Campos has created a protected area for Cerrado 

preservation (Parque Natural Municipal do Cerrado: sjc.sp.gov.br/servicos/urbanismo-e-

sustentabilidade/parque-municipal-do-cerrado). However, other strategies are needed to guarantee 

the Cerrado conservation. We suggest: more public policies such as the Plano Diretor, Master Plan, 

and Plano Municipal de Mata Atlântica e Cerrado, Municipal Plan for Atlantic Forest and Cerrado; 

implementation of Payment for Ecosystem Services projects oriented to rural and urban land, as many 

Cerrado areas are in groundwater recharge sites in the region, and more protected areas. 

Besides habitat loss, we found most Cerrado remnants in the region to be small (under 30 ha), 

with irregular shapes (shape index close to value 1), and with a clustered spatial distribution (Z-score 

less than -4). Other studies have indicated similar results for other Cerrado regions, pointing out its 

fragility for presenting small and fragmented patches with a high edge effect (Kronka et al., 1998; 

Brannstrom et al., 2008; Klink & Machado et al., 2005; Beuchle et al., 2015; Oliveira et al., 2017; 

Morandi et al., 2020). The landscape metrics analyzed indicate high fragmentation of Cerrado 

remnants that are dispersed in the Vale do Paraíba Paulista, with a large distance between one Cerrado 

unit and another, which influences ecological patterns and processes and is a threat to biodiversity 

(Metzger et al., 1998). On the other hand, larger patches, with low edge effect, would provide high 

environmental quality internal microhabitats leading to greater biodiversity (Fletcher et al., 2017).  

We verified that Cerrado grassland formations are generally classified by systematic mapping 

of land use and land cover, Mapbiomas in this case, as pasture, savanna formations as mosaic 

agriculture and pasture, and forest formation as native forests. This confusion occurs because spectral 

responses of Cerrado are similar to other classes, and a digital image classifier has difficulty in 

differentiating them, as analyzed in this study. Due to the heterogeneous vegetation in Cerrado and 

their spectral responses, it has been a challenge to classify and map Cerrado and its changes, but 

lately, studies have been increasing (Reynolds et al., 2016; Matosak et al, 2022). However, there is 

still confusion among Cerrado physiognomies or formations (Jacon et al., 2017) and among Cerrado 

vegetation and other land uses (Lewis et al., 2022). 

Lastly, we verified that pasture, urban area, and mosaic of agriculture and pasture 

predominated around Cerrado remnants and are the main threats to Cerrado conservation in Vale do 

Paraíba Paulista. São Paulo state had originally 15.4 - 18.2% of the area covered by Cerrado (Eiten, 

1972 Victor, 1975). This amount was drastically reduced, and from 1962 to 1992, São Paulo state 

Cerrado lost 87% of its area (Kronka et al., 1998). Such disturbances are due to anthropogenic 

activities, such as cultivated pastures (in 78% of areas), sugarcane plantations (26%), roads (19%), 

reforestation (14%), and annual crops (14%) (Durigan et al., 2007). Nowadays, agriculture continues 

to be a major factor in deforestation (Souza et al, 2020). In the Vale do Paraíba Paulista, Cerrado 

occurrence in peri-urban areas linked to urban expansion in the region is a threat to the conservation 

of this vegetation. Patches of Cerrado surrounded by built-up urban areas, as it happens in Vale do 

Paraiba Paulista, must be a priority for conservation policies (Durigan et al., 2007). 

 

 



27 

 

5. Conclusion  

 

Considering degradation of Cerrado in Vale do Paraíba Paulista region, southeast Brazil, and 

scarcity of studies, we expected that Cerrado fragments in Vale do Paraíba Paulista were small, 

irregular in shape and disconnected from each other, what we found, and were threatened by 

agriculture and urban expansion, which we also observed. We also expected that the Cerrado cover 

of different formations would be low and we verified an area of 3153.35 ha in Vale do Paraíba 

Paulista, about 1.5% of the original cover. We expected that forest would predominate and we 

observed that. We highlight the importance of private rural land for conservation of Cerrado in the 

region. In this sense, more public policies are needed to guarantee the protection of these areas and 

increase Cerrado conservation in Vale do Paraíba Paulista, given the scarcity of protection of this 

vegetation. 
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3 CONSIDERAÇÕES GERAIS 

 

O Vale do Paraíba Paulista apresenta limites de fatores ambientais edáfico-climáticos 

favoráveis à ocorrência de vegetação de Cerrado no entorno do Rio Paraíba do Sul. Os fatores 

considerados neste estudo são: temperatura média anual, precipitação média anual, classe do solo, 

textura do solo, relevo, declividade e altitude. As áreas que se mostraram mais propícias para a 

ocorrência do Cerrado coincidiram espacialmente com sua distribuição original e serviram como 

indicação espacial para mapeamento de remanescentes. 

O mapeamento dos remanescentes de Cerrado mostrou uma área de extensão de 3.153,35 ha 

no Vale do Paraíba Paulista, compreendendo cerca de 1,5% da vegetação originalmente disposta. A 

fisionomia mais frequente foi a formação lenhosa (60,6% das manchas) e sua distribuição foi 

agrupada e fragmentada na região, o que pode ser considerado um fator de risco para a preservação 

da biodiversidade desse bioma no Vale. A maioria dos remanescentes formados por manchas 

individuais de Cerrado e unidades de Cerrado tem área de 2 a 4 hectares e índice de forma de 1,1 a 

1,7, correspondendo a formas irregulares de fragmentos que sofrem mais intensamente os efeitos de 

borda. Essas condições de manchas desfavorecem os padrões e processos ecológicos de um habitat. 

Análises de pressão antrópica em uma distância de 500m demonstram que pastagem, área 

urbana e agricultura e mosaico de pastagens são as maiores ameaças aos fragmentos remanescentes 

atualmente. No caso de uma região intensamente ocupada e urbanizada, entre as regiões 

Metropolitanas de Rio de Janeiro e São Paulo, a tendência de degradação dessas manchas é 

intensificar com o tempo. 

Os maiores grupos de aglomerados de Cerrado foram identificados principalmente como 

formações lenhosas em propriedades particulares de terras rurais e periurbanas nos municípios de 

Caçapava, Taubaté, Tremembé, Cachoeira Paulista e São José dos Campos. As áreas privadas são 

essenciais para a conservação desses fragmentos. Assim, recomenda-se a definição de  políticas 

públicas direcionadas para garantir a proteção dessas áreas e aumentar as unidades de conservação 

do Cerrado no Vale do Paraíba Paulista, dada a atual escassez de medidas e áreas de proteção dessa 

vegetação. 
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ANEXO A – Manuscrito Submetido 

 

 

 

 

 

 

 

 

 

 

 

 

 



37 

 

ANEXO B – Comprovante de Submissão  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


