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ABSTRACT
 
The rupestrian vegetation on rocky hematite outcrops in the Brazilian Amazon has the 
smallest geographic distribution and highest endemism in the region. This study aimed to 
characterize the floristic composition and vegetation structure of these formations, locally 
known as Canga. The floristic inventory included both natural regeneration and the tree and 
shrub layers. Species richness and individual abundance were significantly lower in the 
rupestrian fields outside protected areas. Moreover, the dominant species differed markedly 
between protected and unprotected sites. Species typical of well­preserved habitats within 
protected areas were either absent or had drastically reduced abundance outside. Plant 
composition was entirely different between the two settings. The observed reduction in 
species richness, abundance, and changes in floristic composition is likely associated with 
human­induced disturbances.
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A IMPORTÂNCIA DAS 
ÁREAS PROTEGIDAS NA 

PRESERVAÇÃO DA 
VEGETAÇÃO RUPESTRE DE 

“CANGA”, CARAJÁS, NA 
AMAZÔNIA BRASILEIRA

RESUMO  A vegetação de campos rupestres 
na Amazônia Brasileira que ocorre em 
afloramentos rochosos de substrato 
hematítico possui a menor distribuição 
geográfica e grande número de espécies 
endêmicas na Amazônia. O objetivo da 
pesquisa foi caracterizar a composição 
florística e a estrutura da vegetação de 
campos rupestres localmente denominado de 
“Canga”. O inventário florístico incluiu 
regeneração natural (plantas com até 30 cm 
de altura) e estrato arbóreo e arbustivo 
(plantas já estabelecidas) A abundância de 
indivíduos e a riqueza de espécies foram 
significativamente menores nos campos 
rupestres fora das áreas protegidas em 
comparação com o interior. As espécies mais 
abundantes são diferentes entre os locais. As 
espécies típicas abundantes em campos 
rupestres em bom estado de conservação 
dentro da área protegida desaparecem ou têm 
uma redução drástica da abundância. A 
composição florística foi diferente entre os 
campos rupestres dentro e fora da área 
protegida. A redução na riqueza, abundância 
de espécies e mudança na composição 
florística provavelmente está correlacionada 
aos impactos das atividades humanas. 

Palavras­Chave: Afloramentos ferríferos; 
Composição florística; Espécies endêmicas

1. INTRODUCTION
Rainforest is the predominant vegetation 

type in the Amazon region. It can be divided 
into dense ombrophilous forest and open 
physiognomies, and classified according to 
topographic position as alluvial, lowland, 
submontane, or montane formations (Veloso 
et al., 1991). However, non­forest vegetation 
types are also commonly found in the 
Amazon biome. Among the most important 
are savannas, grasslands, campinas, 
campinaranas, pioneer formations, and 
"rupestrian fields". These are open vegetation 

formations with a savanna­like structure, 
typically found in mountainous regions 
above 500 meters in elevation, and 
associated with rocky outcrops of quartzite, 
sandstone, or hematitic substrates (Viana et 
al., 2016).

Among the types of rupestrian fields in 
Brazil, the rarest are those associated with 
hematitic rocky outcrops rich in iron ore 
(Secco & Mesquita, 1983). The most 
representative examples of this vegetation 
occur in the "Iron Quadrangle" of Minas 
Gerais State within the Atlantic Forest biome 
(Jacobi et al., 2008), and in the "Carajás 
Ranges" of Pará State in the Brazilian 
Amazon (Viana et al., 2016). This rupestrian 
vegetation is known by various terms, 
including ferruginous fields (Rizzini, 1997), 
canga vegetation (Silva et al., 1996), steppe 
grasslands (IBAMA, 2004), and 
metallophilous savannas (Vicent et al., 2004).

The flora of canga is highly adapted to 
extreme edaphic conditions and shows 
distinct physiological, morphological, and 
reproductive adaptations, such as 
sclerophylly, tolerance to cyclical drought 
and hydration (Giulietti et al., 2000), and the 
ability to grow in soils with high metal 
concentrations (Corrêa et al., 2016). 
Rupestrian fields are a priority for 
conservation because of their high levels of 
endemism and are considered biodiversity 
hotspots in both the Atlantic Forest and 
Amazon biomes (Vidal & Mascarenhas, 
2020; Carmo & Kamino, 2023).

In the Amazon, the largest occurrence of 
these fields is in the Serra dos Carajás in Pará 
State, which includes three mountain ranges: 
North, South, and East (Viana et al., 2016; 
Mota et al., 2018). All rupestrian fields of the 
North and South Ranges are located within 
the Carajás National Forest, where the 
mining company Vale S.A. extracts iron ore, 
among other minerals (IBAMA, 2004). This 
activity is permitted under Law No. 9,985 of 
2000 (SNUC, 2000), which established the 
National System of Conservation Units and 
regulates mineral extraction in certain 
sustainable use conservation areas, including 
National Forests.

Within the Carajás Ranges, some 
species found in the rupestrian fields are 
considered threatened with extinction, such 
as the vines Ipomoea carajasensis D.F. 
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Austin and Ipomoea cavalcantei D.F. Austin 
(Convolvulaceae), and the shrub 
Erythroxylum nelson­rosae Plowman 
(Erythroxylaceae) (Secco & Mesquita, 1983; 
Porto & Silva, 1989; MMA, 2024). 
Additionally, several species remain 
undescribed (Viana et al., 2016; Cleef & 
Silva, 1994).

Several botanical studies have 
characterized the floristic composition and 
vegetation structure of these formations 
(Secco & Mesquita, 1983; Porto & Silva, 
1989; Morelato & Rosa, 1991; Silva et al., 
1996; Silva & Rosa, 1985; Chaves & 
Ferreira, 2014; Viana et al., 2016; Mota et al., 
2018; Silva et al., 2023). However, no 
previous study has assessed the impact of 
human activity on the floristics and structure 
of Amazonian rupestrian fields or the role of 
protected areas in their preservation. 

Ferreira et al. (2005), Soares­Filho et al. 
(2010), and Pereira & Ferreira (2021) have 
demonstrated the effectiveness of protected 
areas and Indigenous lands in limiting 
deforestation in the Brazilian Amazon. In the 
Amazon biome, to improve the protection of 

the rupestrian fields, the Chico Mendes 
Institute for Biodiversity Conservation 
(ICMBio) created the Ferruginous Fields 
National Park (Vidal & Mascarenhas, 2020; 
Silva et al., 2023).

However, another important rupestrian 
field located in the Eastern Carajás Range 
lies outside the current network of protected 
areas in Pará State., being subject to various 
human disturbances, including logging, cattle 
grazing, and fire.

The objective of this study is to 
document differences in floristic composition 
and vegetation structure between rupestrian 
fields inside (Carajás National Forest) and 
outside protected areas. The aim is to 
evaluate the importance of land­use 
designation for the preservation of this rare 
Amazonian vegetation type.

2. MATERIAL AND METHODS
Two study sites were selected: one 

within the Carajás National Forest (North 
Range) and one outside the protected area 
(East Range), both located in Pará State, 
Brazil (Fig. 1).

3

Figure 1. Location of the study area (C) in the State of Pará (B) and in Brazil (A), highlighting the 
rupestrian fields in the North Range (approx. 42.8 km²; Silva et al., 2023) and the East Range 
(approx. 6.2 km²; estimated in this study)
Figura 1. Sítio de estudo (C) no Estado do Pará (B) e no Brasil (A), destacando os campos rupestres 
das Serras Norte, totalizando cerca de 42,8 km2 (Silva et al, 2023) e Leste, totalizando cerca de 6,2 
km2 (calculado por esse estudo)
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In each site, three sampling areas were 
established: N4, N5, and N6 in the North 
Range, and L1, L2, and L3 in the East 
Range. In each sampling area, 25 plots were 
distributed, totaling 75 plots per site, with a 
minimum spacing of 500 meters between 
plots. The criterion for selecting inventory 
areas was the degree of conservation of 
vegetation cover.

The vegetation in both sites occurs on 
iron oxide rocky outcrops (hematitic canga) 
on plinthosol soils (Corrêa et al., 2016), at 
elevations ranging from 400 to 750 meters 
(Mota et al., 2018). The mean annual rainfall 
is approximately 1,900 mm with strong 
seasonality, the dry season occurs from June 
to September, with mean monthly 
precipitation below 100 mm, while the rainy 
season extends from October to May, with 
monthly precipitation above 200 mm 
(IBAMA, 2004). In the Carajás ranges, 
rupestrian fields occur in isolated patches of 
varying sizes, surrounded by forest, and 
exhibit two main physiognomies: open 
herbaceous vegetation and denser shrub and 
small tree formations (Viana et al., 2016).

2.1 Data Collection
The floristic inventory was conducted in 

March and April 2023. Two vegetation strata 
were sampled: (1) Natural regeneration using 
plots of 1 × 1 m in which all life forms were 
identified and counted and (2) Tree and shrub 
layer, where all individuals with diameter at 
neck height (DNH) ≥ 1 cm were measured 
and identified. Botanical classification 
followed APG IV (Chase et al., 2016). All 
fertile specimens were deposited at the 
Herbarium João Murça Pires of the Museu 

Paraense Emílio Goeldi (MG), with duplicate 
specimens donated to the Herbarium of 
Carajás (HCJS), FLONA Zoobotanical Park.

2.2 Data Analysis
Differences in species richness and 

individual density between sites were 
assessed using Student's t­test. Normality of 
dependent variables was tested using the 
Shapiro­Wilk test (Zar, 2010). All analyses 
were performed in Systat 12 (Systat 
Software, Inc., 2007) Species similarity 
between sites and vegetation strata was 
analyzed using non­metric multidimensional 
scaling (NMDS), based on Jaccard similarity 
indices and Bray­Curtis distance. NMDS was 
performed using PC­ORD version 6 
(McCune & Mefford, 2011).

3. RESULTS
In the natural regeneration stratum, the 

total number of individuals ranged from 91 
to 165 in the East Range and from 525 to 829 
in the North Range. In the tree and shrub 
layer, the number of individuals ranged from 
361 to 446 in the East Range and from 725 to 
866 in the North Range (Table 1). The total 
number of species in the natural regeneration 
stratum varied from 20 to 25 in the East 
Range and from 29 to 31 in the North Range. 
In the tree and shrub layer, species richness 
ranged from 12 to 14 in the East Range and 
from 20 to 22 in the North Range (Table 1).

There was an 81% reduction in 
individual abundance in the natural 
regeneration stratum in the East Range 
(outside the protected area) compared to the 
North Range (inside the protected area) 
(Table 2).

Table 1. Number (N) of plots, individuals, and species in the natural regeneration and tree­shrub 
strata of the East sites (L1, L2, L3) and North sites (N4, N5, N6)
Tabela 1. Número (N) de parcelas, indivíduos e espécies em regeneração natural e campo rupestre 
arbóreo­arbustivo dos sítios Leste (L1, L2 e L3) e Norte (N4, N5 e N6)

Cont...
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The most abundant species in the 
natural regeneration stratum accounted for 
84.3% and 83.2% of total individuals in the 
protected and unprotected areas, respectively 
(Table 3 and Appendix 1). Axonopus 
purpusii (Mez) Chase (Poaceae) was the 
most abundant species inside the protected 
area, while Bauhinia pulchella Benth. 
(Fabaceae) was most abundant outside. Only 
Mimosa acutistipula var. ferrea (Mart.) 
Benth. (Fabaceae) appeared as a dominant 
species in both areas.

Two threatened vine species, Ipomoea 
carajasensis D.F. Austin and Ipomoea 
cavalcantei D.F. Austin, considered vulnerable 
and endangered, respectively, according to 
IUCN criteria (Martinelli & Moraes 2013). 
were absent from the rupestrian fields of the 
unprotected East Range.

Abundance and species richness in the 
natural regeneration stratum were significantly 
higher within the conservation unit compared 
to outside (t = 13.04; p = 0.0001 and t = ­2.86; 
p = 0.005, respectively) (Figure 2).

Table 2. Total density and relative variation in the number of individuals by life form in the natural 
regeneration stratum of the rupestrian fields in the North and East Ranges
Tabela 2. Densidade total e variação relativa do número de indivíduos divididos nas formas de vida 
da regeneração natural dos campos rupestres do Norte e Leste

Table 3. Life forms of the ten most abundant species in the natural regeneration stratum, with relative 
density (RD), in the rupestrian fields of the North (N) and East (E) Ranges
Tabela 3. Formas de vida das dez espécies de regeneração natural com maior densidade relativa (DR) 
nos campos rupestres do Norte (N) e Leste (E)

Cont...

Cont...
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A total of 35 species were identified in the 
tree and shrub layer: 30 in the North Range 
and 18 in the East Range. Only 13 species 
(37%) were shared between both ranges. The 
10 most abundant species accounted for 94% 
and 98.3% of all individuals inside and outside 
the protected area, respectively. Callisthene 
microphylla Warm. (Vochysiaceae) and 
Mimosa acutistipula var. ferrea Barnaby 
(Fabaceae) were most abundant in the North 
Range (25% and 20.9%), whereas Mimosa 
acutistipula var. ferrea Barnaby (Fabaceae) 
and Alchornea schomburgkii Klotzsch 
(Euphorbiaceae) were most abundant in the 
East Range (40.5% and 14.2%). Vellozia 
glochidea Pohl. (Velloziaceae), Norantea 
goyasensis Cambess (Marcgraviaceae), and 

Mimosa acutistipula var. ferrea Barnaby 
(Fabaceae) occurred as dominant species in 
both areas. Notably, Mimosa acutistipula var. 
ferrea Barnaby (Fabaceae) had higher relative 
density in the East Range (Table 4 and 
Appendix 1).

Abundance and species richness in the 
tree and shrub layer were also significantly 
higher inside the conservation unit compared 
to outside (t = 13.04; p = 0.0001 and t = ­9.82; 
p = 0.0001, respectively) (Figure 3).

NMDS analysis revealed a clear 
separation in species composition of both 
vegetation strata between the North and East 
Ranges. The x­axis explained approximately 
45% of the variation, while the y­axis 
explained about 54% (Figure 4).

Figure 2. Mean and standard deviation of the number of individuals and species in the natural 
regeneration stratum in the rupestrian fields of the North and East Ranges
Figura 2. Média e desvio padrão do número de indivíduos e espécies da regeneração natural nos 
campos rupestres das Serras Norte e Leste

Cont...
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4. DISCUSSION
There was a marked reduction in species 

richness and individual density in both the 
natural regeneration and tree­shrub strata in 

the East Range (outside the Carajás National 
Forest) compared to the North Range (inside 
the protected area). This indicates significant 
human impact on local flora and vegetation 

Figure 3. Mean and standard deviation of the number of individuals and species in the tree­shrub 
layer in the rupestrian fields of the North and East Ranges
Figura 3. Mean and standard deviation of the number of individuals and the species of the shrub­tree 
layer in the rupestrian fields of the North and East Ranges

Table 4. Life forms of the ten most abundant species in the tree­shrub layer, with relative density 
(RD), in the rupestrian fields of the North (N) and East (E) Ranges
Tabela 4. Formas de vida das dez espécies do estrato arbustivo­arbóreo com maior densidade relativa 
(DR) nos campos rupestres das Serras Norte (N) e Leste (L)
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cover, likely due to extensive cattle grazing, 
fire, ornamental plant collection (e.g., 
orchids and bromeliads), and unsustainable 
land use practices commonly observed in 
unprotected Amazonian areas (Ferreira et al., 
2005; 2012).

In the East Range, livestock activities 
and inadequate soil management including 
the use of fire for pasture are the main 
drivers of degradation. (Viana et. al., 2016) 
Fires often spread into rupestrian fields, 
causing high mortality among native species. 
The natural regeneration stratum showed the 
most pronounced reduction in individual 
density, especially among herbaceous plants, 
which are particularly vulnerable to fire.

Another notable difference was the 
presence of secondary forest species in the 
natural regeneration plots of the East Range 
species absent from the North Range 
including Vismia baccifera (L.) Triana & 
Planch. (Hypericaceae), Aparisthmium 

cordatum (A. Juss.) Baill. (Euphorbiaceae), 
Cecropia palmata Willd. (Urticaceae), and 
Tapirira guianensis Aubl. (Anacardiaceae). 
Additionally, pasture grasses of African 
origin, such as Urochloa brizantha (Hochat 
ex. A.Rich.) R.D.Webster and Melinis 
minutiflora P. de Beauv. (Poaceae), were also 
recorded. These compositional differences 
are not explained by abiotic factors like 
rainfall or soil, as all surveys were conducted 
simultaneously on similar substrates.

Another key finding was the absence of 
the endangered species Ipomoea carajasensis 
D.F. Austin and Ipomoea cavalcantei D.F. 
Austin (Convolvulaceae) in the East Range. 
Also concerning was the sharp decline in 
Ipomoea marabaensis D.F. Austin & Secco. 
These species are listed as endangered by the 
Brazilian Institute for the Environment and 
Renewable Natural Resources (IBAMA, 
2004) and the Pará State Secretariat for the 
Environment (SEMA, 2008).

Figure 4. NMDS ordination showing species similarity in the natural regeneration (NR) and shrub­
tree layers (ST) of the rupestrian fields in the North Range (N4, N5, and N6; dashed squares) and the 
East Range (L1, L2, and L3; solid squares)
Figura 4. Análise de ordenação da similaridade de espécies da regeneração natural (RN) e arbustivo­
arbórea (ST) nos campos rupestres da Serra Norte (N4, N5 e N6, quadrados tracejados) e da Floresta 
Nacional de Carajás e Serra Leste (E1, E2 e E3, quadrados contínuos)
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Their absence and/or reduced abundance 
in the East Range is likely due to heavy 
human impact, combined with the limited 
geographic distribution of these species, 
which are restricted to hematite­rich outcrops 
in the Serra dos Carajás (Mota et. al., 2018) 
Another striking result was the absence of 
Callisthene microphylla Warm. 
(Vochysiaceae) in the East Range, despite 
being one of the most abundant species in the 
North Range. Chaves & Ferreira (2014) also 
reported its high abundance in the North and 
South Ranges within the Carajás National 
Forest. The seeds of this species are 
dispersed by birds, such as Poecilurus sp. 
(Furnariidae) and Zonotrichia sp. 
(Emberizidae), which may also be absent due 
to anthropogenic pressures in the East Range 
(Vasconcelos & Diego, 2015; Vasconcelos, 
2011).

The conservation of rupestrian fields on 
hematitic outcrops currently under threat 
from mining is intensely debated, both in the 
Iron Quadrangle of Minas Gerais and the 
Serra dos Carajás in Pará (Chase et al., 
2016). In Minas Gerais, the lack of 
protection has already resulted in the loss of 
unique vegetation types (Jacobi et al., 2008). 
Our results underscore the importance of the 
Carajás National Forest in conserving these 
ecosystems and highlight the urgent need to 
expand protection to the East Range.

As many species in these ecosystems are 
restricted to small patches, conservation 
planning should prioritize complementarity 
maximizing species conservation with 
minimal redundancy (Vane­Wright et al., 
1991; Pressey et al., 1993). When resources 
are limited, the selection of areas for 
protection should focus on complementary 
attributes (species, habitats, landscapes), 
avoiding duplication (Anacleto et al., 2005). 
Mourão & Stehmann (2007), working in the 
Iron Quadrangle, emphasized the need to 
preserve as many remnants of this vegetation 
as possible.

5. CONCLUSION
This study demonstrates that the floristic 

composition and vegetation structure of the 
rupestrian fields in the North and East 
Ranges of the Serra dos Carajás differ 
significantly, with markedly lower species 
richness and plant abundance in the 

unprotected East Range. The absence or 
reduced density of threatened and endemic 
species outside the protected area highlights 
the urgent need for conservation measures.

While the Carajás National Forest 
currently contributes to the preservation of 
this unique vegetation through partnerships 
between Vale and ICMBio, additional 
protection is needed for the East Range. Its 
complementary flora, which includes distinct 
species not found or less abundant in the 
protected areas, underscores the importance 
of expanding the conservation network to 
include these vulnerable habitats.
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