
Abstract 
The Floresta Nacional de Carajás (FLONA of Carajás) and the Parque Nacional dos Campos Ferruginosos 
(PNCF) are home to canga vegetation where 856 species distributed in 116 families of seed plants were recorded. 
The richest families were Poaceae (86), Fabaceae (65) and Rubiaceae (46) and the best represented habit was 
herbaceous. Two genera, 24 species and one subspecies are considered endemic from the canga of the studied 
area. Within the FLONA of Carajás, the Serra Norte was the best sampled site, and is home for 659 species of 
seed plants, while 545 species were recorded for the Serra Sul. Approximately 60% of the species documented, 
including the endemics, have no record within the PNCF. Through the taxonomic list here presented, it was possible 
to demonstrate considerable distinction between the canga of the Serra dos Carajás and the same formation in 
the Quadrilátero Ferrífero, in Minas Gerais, with little correspondence between these two lists and the one from 
Corumbá, Mato Grosso do Sul state. The richness and singularity of the regional flora, which includes many 
endemisms, associated to the current threats to these environments due to mineral exploration, point to the need 
for careful and consistent planning to ensure the conservation  of the flora of the canga of Carajás.
Key words: Amazon, Angiosperms, endemism, Gymnosperms, floristics, species richness.

Resumo
Nas cangas da Floresta Nacional (FLONA) de Carajás e no Parque Nacional dos Campos Ferruginosos (PNCF) 
foram registardas 856 espécies, distribuídas em 116 famílias de fanerógamas. As famílias mais ricas foram 
Poaceae (86), Fabaceae (65) e Rubiaceae (46). O hábito herbáceo foi o melhor representado. Dois gêneros, 
24 espécies e uma subespécie são apontadas como endêmicas das cangas da área de estudos. Na FLONA de 
Carajás, a Serra Norte, com maior amostragem, possui 659 espécies de fanerógamas e na Serra Sul foram 
registradas 545 espécies. Aproximadamente 60% das espécies documentadas na área de estudos, incluindo 
espécies endêmicas, não possuem registro para o PNCF. Através da lista taxonômica aqui apresentada, foi 
possível demonstrar considerável distinção entre as cangas da Serra dos Carajás e as do Quadrilátero Ferrífero, 
em Minas Gerais, apontando também pouca correspondência dessas duas listas com a canga de Corumbá, no 
Mato Grosso do Sul. A riqueza e singularidade da flora da região, que inclui diversas espécies endêmicas, 
associada à ameaça a que estão submetidos estes ambientes por atividades de mineração, apontam para a 
necessidade de um planejamento para conservação das espécies da flora das cangas de Carajás.
Palavras-chave: Amazônia, Angiospermas, endemismo, Gimnospermas, florística, riqueza de espécies.
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Introduction
T h e  A m a z o n  c o v e r s  a n  a r e a  o f 

approximately 6 million square kilometers, 
comprising predominantly diverse types of 
rainforest (Pires & Prance 1985). In order to 
assess the diversity of plants found within 
this biome, a recent survey recorded over 14 
thousand species of seed plants in lowland 
rainforest (Cardoso et al. 2017). Almost 12 
thousand seed plants were recorded in the 
Brazilian Amazon (BFG 2015), considering 
all its diverse phytophysionomies that include, 
alongside the forests, several types of open 
vegetation. Meanwhile, a relatively low number 
of species was referred to these open areas, 
such as campinaranas (1.350 species), cerrado 
(876), highland rocky fields (683) and rock 
outcrops (625) (FBO 2020, under construction). 
These data, however, are underestimated as the 
Brazilian Amazon is still in need of floristic 
studies. The sheer size and access difficulties 
(Zappi et al. 2016) and the relatively recent 
history of the scientific investigations in the 
area result in a very low density of collections 
and, consequently, patchy knowledge of the 
plant diversity in the region (BFG 2015).

The Serra dos Carajás, in the state of Pará, 
is home to an open type of vegetation that is 
mostly formed by herbs and shrubs associated 
to iron-rich conglomerates that occur on the top 
of some local ranges. This vegetation, known as 
canga (Rizzini 1979; Secco & Mesquita 1983; 
Viana et al. 2016), comprises a peculiar flora 
with high number of endemic species. Plants 
growing there are adapted to extreme conditions 
of acid and nutrient poor soils (Nunes et al. 
2015), high concentrations of heavy metals 
(Schettini et al. 2018), high temperatures and 
strong seasonality, with a clearly defined dry 
season (Mota et al. 2015). 

The Serra dos Carajás spans between the 
municipality of São Félix do Xingu to the west 
and Curionópolis at the east, with the main 
plateaus found within Parauapebas and Canaã 
dos Carajás (Viana et al. 2016). Two conservation 
units include areas of canga within the last two 
municipalities: the Floresta Nacional de Carajás 
(FLONA Carajás), a sustainable use preservation 
area encompassing Serra Norte and Serra Sul, 
where mining activities occur, and the Parque 
Nacional dos Campos Ferruginosos (PNCF), 
a full protection area that includes the Serra do 
Tarzan and Serra da Bocaina (Zappi 2017).

The Flora of the canga of Carajás (FCC) 
project (Viana et al. 2016) began in 2015, 
with the objective of developing a detailed 
information base for the local flora, contributing 
to the knowledge of the Amazonian plants. This 
project culminated with the publication of four 
fascicles of monographs that provide detailed 
information regarding 164 families of land 
plants and 1,108 species that grow in the region 
of the Serra dos Carajás, including bryophytes, 
ferns and lycophytes,  gymnosperms and 
angiosperms. The project aimed to monograph 
only native and or naturalized species found 
on the canga (sensu Mota et al. 2015) from the 
FLONA Carajás (Serra Norte and Serra Sul) and 
the PNCF (Serra da Bocaina and Serra do Tarzan 
(Viana et al. 2016; Zappi 2017). However, some 
species that occur in the forest and/or on other 
rock formations (e.g., granitoid inselbergs) were 
included by some authors in order to increase 
the usefulness and scope of their monographs 
and to facilitate the identification of the species 
from the canga, considering the shortage of 
similar studies within the Brazilian Amazon 
(Viana et al. 2016). 

Intensive collecting expeditions to the 
area carried out during the FCC Project were 
aimed at ensuring sufficient sampling for the 
authors to prepare their monographs. Images of 
the species in nature and associated material, 
including samples for micromorphology and 
tissues to extract DNA, destined to form a 
DNA bank for molecular studies at the Instituto 
Tecnológico Vale (ITV) were also targetted 
by the expeditions. The continued collecting 
activity even after the publication of some of the 
monographs has brought occasional new records 
of species to light, and these were included in 
the present list. 

The results obtained by the FCC have 
contributed considerably to improve the 
knowledge of the floristic compostition of 
the canga of Carajás, as the last available 
compilation for this area (Silva 1991), counted 
with 231 species found in 144 genera and 57 
seed plant families. Nowadays, the seed plants 
are represented by 120 families and 977 species 
monographed by a wide network of 131 plant 
specialists from Brazil and elsewhere. Some 
of the monographs, however, included species 
that were not recorded for the canga, and, as 
some new species records were made after the 
conclusion of some of the first monographs, 
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it became necessary to prepare this updated 
compilation of the species that occur on the 
canga of the Serra dos Carajás. 

The present work brings a list of seed 
plants from the FLONA of Carajás and the 
PNCF discriminated by area of occurrence, 
highlighting the endemic taxa found exclusively 
in the canga of these conservation units. The 
results allowed for a comparison of the seed 
plants from the studied area with other canga 
sites elsewhere in Brazil. This work focuses only 
on the seed plants while ferns and lycophytes 
(Salino et al. 2018) and bryophytes (Ilkiu-
Borges & Oliveira-da-Silva 2018) were treated 
similarly in separate papers within this volume.

Material and methods
The study area was delimited at the onset 

of the FCC Project (Viana et al. 2016), that 
included the canga of the FLONA of Carajás 
(Serra Sul: blocks S11A, S11B, S11C, S11D; 

and Serra Norte: N1, N2, N3, N4, N5, N6, 
N7, N8) and PNCF (Serra do Tarzan, Serra da 
Bocaina), within the municipalities of Canaã 
dos Carajás and Parauapebas (Fig. 1). The 
plateaus of the study area add up to an area of 
approximately 120 km2 of canga vegetation 
calculated using Google Earth software, by 
delimiting polygones encompassing the rock 
outcrops that were visible on satellite imagery 
(Google Earth 2018).

During the years between 2015 and 2017, 
30 collecting expeditions were organized to the 
Serra dos Carajás, covering all months of the 
year and resulting in 3,533 new plant samples 
that are deposited at the MG herbarium. This 
material has been added to the material already 
available at the start of the project, of around 
3,300 specimens from the BHCB herbarium 
and another 6,000 from MG (Viana et al. 2016). 
These collections constitute the main source of 
data consulted by monograph authors. Some 

Figure 1 – Study area, indicating the canga plateaux sampled. In black, remaining canga areas; in red, suppressed 
canga areas (representation based on satelite image taken in December 2016, available on Google Earth). In grey, 
Floresta Nacional de Carajás. In green, Parque Nacional dos Campos Ferruginosos.
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authors have also examined specimens from the 
HCJS, IAN, INPA, NY, RB and UB herbaria.

Collecting records from the canga were 
compiled from the published monographs 
-  Rodr igués ia  2016/67(5) ,  2017/68(3) , 
2018/69(1), 2018/69 (current) - including 
taxonomic information, type of environment 
and location of the specimens. The reference for 
the publications consulted for this end is cited 
on the heading for each plant family in Table 
1. These data, together with collections made 
after the publications and named by specialists 
were organized as a database from where the 
floristic list presented here was extracted. This 
list is restricted to the plants that were recorded 
in the canga of the FLONA of Carajás and 
PNCF. Records made after the publications are 
accompanied by a voucher citation per species. 
The list excludes species that did not have at 
least one collection for specific areas of canga.

The new collecting efforts and study of 
the resulting specimens by specialists helped 
to detect families that were not yet listed by 
Viana et al. (2016) at the onset of the FCC 
Project, such as Apodanthaceae, Bixaceae, 
Cannabaceae ,  Droseraceae ,  Mel iaceae , 
Monimiaceae, Quiinaceae and Siparunaceae. 
On the other hand, despite having been listed 
by Viana et al. (2016), Haloragaceae and 
Heliconiaceae were found to occur only in the 
forest, thus these have not been monographed. 
After verifying herbarium material and checking 
the complete Carajás database, it was also 
found that some plant families listed in the 
introductory paper (Viana et al. 2016), such as 
Peraceae and Ranunculaceae, are not found in 
the canga. Additionally, Elaeocarpaceae and 
Rhizophoraceae monographs, despite not having 
been listed in the introductory paper, were 
published despite the fact that no species recorded 
in the canga were represented in these families. 
Therefore, the Peraceae, Ranunculaceae, 
Elaeocarpaceae and Rhizophoraceae were not 
included in the present list. 

APG IV (APG 2016) was the base for 
the classification used in the seed plant list, 
except for Passifloraceae (segregated from 
Turneraceae), Ochnaceae (published separately 
from Quiinaceae) and Boraginaceae (represented 
by Cordiaceae and Heliotropiaceae). Species 
that appeared as indeterminate in the FCC 
treatments and were subsequently published as 
new were updated in the present list, and recent 

nomenclatural updates were also provided for 
relevant names.

The determination of species habits 
followed the categories: trees (including palms 
with stem), shrubs, subshrubs, herbs, lianas 
and parasites. Some species were attributed 
more than one habit, following publications 
of  the FCC. When the information was 
incomplete or lacking, available databases were 
consulted, such as Flora do Brasil (2020, under 
construction) and WCSP (2018).

Species distribution in the study area was 
discriminated between canga blocks of the Serra 
Norte (N1, N2, N3, N4, N5, N6, N7, N8), Serra 
Sul (S11A, S11B, S11C, S11D), Serra do Tarzan 
and Serra da Bocaina (Fig. 1). Species with 
known distribution restricted to the canga of the 
FLONA of Carajás and PNCF were indicated 
as endemic. Species that occurred in canga 
outside the study area (e.g., Serra de Campos, 
Serra do Cristalino, Serra Arqueada), even if 
considered endemic of the canga of Carajás 
were not indicated as endemic within this study. 

The species were assigned to one or more 
of the following vegetation categories proposed 
for the canga of Carajás by Mota et al. (2015): 
a. open rupestrial vegetation, represented by 
herbaceous to shrubby plants found on the 
more or less bare iron-rich, rocky soil; b. 
hydromorphic vegetation, including lakes, 
marshes and seasonal or perennial streams; 
and c. forest formations including deciduous 
to semi-deciduous forest groves and low forest 
that grow over the iron outcrops. 

Floristic comparisons between different 
canga sites in Brazil were carried out by 
compiling a list for the Quadrilátero Ferrífero, 
in Minas Gerais (Carmo & Jacobi 2016, Messias 
& Carmo 2015 and Viana & Lombardi 2007), 
and for the Corumbá region, Mato Grosso do 
Sul (Takahasi 2015). Not fully determined 
species (cf. or aff.) were excluded from the 
comparisons. Nomenclatural and taxonomic 
adjustments between the lists were performed 
when needed using the Flora do Brasil 2020 
(under construction) database.

The indication of invasive exotic or native 
species follows the Brazilian law (Instrução 
Normativa 4 (2011) and 11 (2014)), with 
modifications suggested Giulietti et al. (2018). 
Data from the FCC monographs was considered 
for this purpose. Species with DNA samples 
banked at ITV were also indicated. 
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Results
The list of seed plants of the canga of 

Serra dos Carajás comprises 116 families, 419 
genera and 856 species (Tab. 1). Eight species 
that were not monographed in the FCC Project 
are included here: Philodendron blanchetianum 
(Araceae), Ipomoea procumbens, I. reticulata, 
I. setifera (Convolvulaceae), Passiflora foetida 
(Passifloraceae), Cissus sulcicaulis (Vitaceae), 
Xyris lacerata and X. savanensis (Xyridaceae), 
with the first record of C. sulcicaulis for the state 
of Pará. Amongst these species, 258 count with 
extracted total DNA sample (Tab. 1).

The richest plant family in the canga of the 
Serra dos Carajás was Poaceae (86 spp.), followed 
by Fabaceae (65), Rubiaceae (46), Cyperaceae 
(45), Melastomataceae (41), Asteraceae (34), 
Orchidaceae (27), Myrtaceae (26), Apocynaceae 
(21), Convolvulaceae and Solanaceae (20 spp. each), 
representing around 48% of the sampled species 
(Tab. 2; Fig. 2). Out of the total of 419 genera, 269 
are represented by a single species, 64 by two, 38 
by three, that together add up to nearly 60% of the 
generic richness of the FCC. The most representative 
genera, Miconia (20), Paspalum (19), Solanum (16), 
Myrcia (14), Cyperus (13), Rhynchospora, Piper, 
Borreria and Ipomoea (12 spp. each), Mimosa and 
Utricularia (11 spp. each), represent approximately 
16% of the richness of the FCC (Fig. 3).

Regarding the large angiosperm groups, three 
aquatic species belong to order Nymphaeales. The 
Magnoliids are represented by 28 spp. (3.2%), 
including a high number of Piperaceae (19 spp.), that 
represent more than half of the species of this group. 
The Monocots comprise 239 spp. (28%), spread 

throughout the orders with the exception of Acorales 
and Petrosaviales. The Eudicots are the taxonomic 
group with higher species richness, including 585 
species (68.3%) distributed in almost all groups from 
Rosids to Asterids. The only Gymnosperm recorded 
in the FCC was Gnetum nodiflorum.

When considering plant habit, the herbs are 
the predominant group, with 347 spp. (40.5%), 
while subshrubs were 62 spp. (7.2%), shrubs 153 
spp. (17.9%). Among the species, 45 (5.1%) had 
variable habit, fitting more than one category. The 
trees, including five species of palm (Arecaceae) 
were represented by 119 spp. (14%). The lianas 
were 109 spp. (12.7%). Parasites were 22, 
representing 2.6% of the habit total.

In terms of habitat, out of 856 species 
recorded, 497 (247 exclusive) were recorded in 
forest formations, while 418 (128 exclusive) occur 
in open rupestrial vegetation and 174 (99 exclusive) 
occur in hydromorphic sites. It is worth recording 
that 319 species are found in more than one 
habitat. If considering rupestrial and hydromorphic 
vegetation as open areas, these concentrate 534 
species of seed plants. Forest formations share a 
much more expressive number of species (223 spp.) 
with rupestrial vegetation when compared with 
hydromorphic vegetation (22 spp. in common with 
forest formations). Only 12 species were shared by 
all three habitat. Finally, there are 119 species that are 
associated to anthropized environments, of which 64 
were recorded solely in those sites (Tab. 1). 

Serra Norte was the location with higher 
species count, with 659 species of seed plants, 
followed by Serra Sul (545), Serra da Bocaina (230) 
and Serra do Tarzan (228). Together, the canga of 
PNCF (Serra da Bocaina and Serra do Tarzan) are 

Figure 2 – Top 10 families in the canga of the Serra 
dos Carajás

Figure 3 – Most representative genera of the canga of 
the Serra dos Carajás
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home for 351 species. Looking in more detail at the 
first two locations, the blocks with highest richness 
were S11D (416 spp.) at the Serra Sul, followed 
by N1 (392), N4 (283) and N5 (267), at Serra 
Norte (Tab. 1). These blocks also figure among the 
better sampled areas: N1 (1737 specimens), S11D 
(1411), N4 (747) and N5 (648), and are amongst 
the largest in area.

Based on the FCC data and subsequent 
publications (Nunes et al. 2015), 24 species and 
one subspecies were marked as endemic from the 
canga of the FLONA of Carajás and the PNCF. 
These are Philodendron carajasense (Araceae), 
Cavalcantia glomerata, Lepidaploa paraensis, 
Parapiqueria cavalcantei (Asteraceae), Ipomoea 
cavalcantei (Convolvulaceae), Bulbostylis 

Figure 4 – Venn diagram showing the floristic 
relationships between canga sites in the Serra dos 
Carajás in Pará state, of the Quadrilátero Ferrífero in 
Minas Gerais and in Corumbá, Mato Grosso do Sul.

Serra dos Carajás Corumbá Quadrilátero Ferrífero
1 Poaceae Poaceae Asteraceae
2 Fabaceae Fabaceae Poaceae
3 Rubiaceae Cyperaceae Orchidaceae
4 Cyperaceae Malvaceae Fabaceae

5 Melastomataceae Euphorbiaceae Melastomataceae
6 Asteraceae Convolvulaceae Myrtaceae
7 Orchidaceae Apocynaceae Rubiaceae
8 Myrtaceae Malpighiaceae Cyperaceae
9 Apocynaceae Portulacaceae Apocynaceae
10 Convolvulaceae/Solanaceae Cactaceae Solanaceae

Table 2 – List of the ten richest seed plant families in the canga of Carajás, Corumbá, Quadrilátero Ferrífero 

cangae, Eleocharis pedrovianae, Hypolytrum 
paraense (Cyperaceae), Erythroxylum carajasense, 
Erythroxylum nelson-rosae (Erythroxylaceae), 
Sinningia minima (Gesneriaceae), Cuphea 
carajasensis (Lythraceae), Mouriri cearensis 
subsp. carajasica (Melastomataceae), Uleiorchis 
longipedunculata (Orchidaceae), Picramnia 
ferrea (Picramniaceae), Peperomia albopilosa, 
Peperomia pseudoserratirhachis (Piperaceae), 
Axonopus carajasensis, Paspalum cangarum, P. 
carajasense (Poaceae), Borreria elaiosulcata, 
B. heteranthera, Carajasia cangae (Rubiaceae), 
Daphnopsis filipedunculata (Thymelaeaceae) and 
Xyris brachysepala (Xyridaceae) (Tab. 1).

Amongst potential invasive species, the 
record of 53 native, problematic species alongside 
17 exotic invasives (Tab. 1) was made, and the 
outcrops with highest number of these species were 
S11D (36 spp.), N1 (23 spp.), N4 e N5 (22 spp.), 
Serra da Bocaina (19 spp.) and N3 (14 spp.). 

A small number of shared species between 
FCC canga and other areas was found, with 96 
shared species between FCC and the QF, totalling 
11% of the species. Only 25, or 3% of species, 
were found to occur both in the FCC and Corumbá. 
The canga of Corumbá has also shown very little 
correspondence with the ones at QF, with 18 shared 
species (Tab. 1; Fig. 4). 

Discussion
Taxonomic richness of the flora of the 
canga of Carajás
During the first comprehensive floristic study 

of the canga of the Serra de Carajás, Silva et al. 
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(1991) recorded 231 species in 57 angiosperm 
families. The initial estimate from the introductory 
chapter of the FCC was of around 600 species 
in 111 families of angiosperms and one of 
gymnosperms (Viana et al. 2016). However, the 
accurate determination of specimens that were still 
unnamed or incorrectly named, together with a 
considerable contribution from recent collections 
(2015-2017) have collaborated to the increase of 
species recorded for FCC, with 856 species in 115 
angiosperm and one gymnosperm families. The 
collections carried out as part of the FCC project 
have also provided data to understand the species 
distribution in the area. A pioneering list for the 
Serra Norte was presented by Secco & Mesquita 
(1983), including 85 species of seed plants. The 
present work increases the number of species 
ocurrences many fold, with 659 species recorded 
for the canga of this location.

When looking at family composition, the 
ten richest plant families of the FCC represent 
48.1% of the flora, while the remaining half of 
the species is distributed in the 106 remaining 
families. When comparing with overall figures 
provided by BFG (2015), we find a similar pattern, 
where the tem largest families contribute towards 
around 60% of the flora while the remainder 
233 families represent the other 40% of Brazil´s 
flowering plants. 

The 856 species recorded in the FCC 
represent 2.6% of the Brazilian flora, 7% of the 
flora of the Brazilian Amazon domain and 13.1% 
of the seed plants that are recorded for the state 
of Pará (Flora 2020, under construction). The 419 
genera from the FCC respectively 14%, 21.7% 
and 28.6% of the genera recorded for Brazil, the 
Brazilian Amazon and Pará (Flora 2020 under 
construction). Taking into account the small 
parcel of the Brazilian territory occupied by the 
canga of Carajás (~ 0.001%), this area can be 
highlighted as a site of extreme importance for its 
plant biodiversity. 

There is a trend involving large number of 
genera represented by few species that may result 
from the high number of micro-habitat found in 
the canga of Carajás (sensu Mota et al. 2015). This 
situation is reflected by the following five groups: 
genera that are typical from forest formations 
such as Tapirira (Anacardiaceae), Protium 
(Burseraceae), Hirtella (Chrysobalanaceae), 
H y p o l y t r u m  ( C y p e r a c e a e ) ,  B e l l u c i a 
(Melastomataceae), Olyra (Poaceae) amongst 
others; genera exclusive from hydromorphic 

environments, such as Sagitaria (Alismataceae), 
Cabomba (Cabombaceae), Apalanthe and Ottelia 
(Hydrocharitaceae), Nymphoides (Menyanthaceae), 
Nymphaea (Nymphaeaceae), Limnosipanea 
(Rubiaceae), Helantium (Alismataceae), Lindernia 
(Linderniaceae), Mayaca (Mayacaceae), Bacopa 
(Plantaginaceae), Oryza (Poaceae), Genlisea 
(Lentibulariaceae); genera associated to open, not 
hydromporphic environments such as Cavalcantia 
and Lepidaploa (Asteraceae), Anemopaegma 
(Bignoniaceae), Cereus (Cactaceae), Lagenocarpus 
(Cyperaceae), Euploca (Heliotropiaceae), Cipura 
(Iridaceae), Cuphea (Lythraceae), Habenaria and 
Sobralia (Orchidaceae); rupicolous genera from 
forest interior such as Diastema, Goyazia and 
Phinea (Gesneriaceae), Epidendrum (Orchidaceae); 
open rocky area genera such as Parapiqueria 
(Asteraceae), Ananas and Dyckia (Bromeliaceae), 
Brasilianthus (Melastomataceae) and Carajasia 
(Rubiaceae), all these genera represented by three 
or less species within the study area. This situation 
contrasts strongly with what is found in the eastern 
Brazilian campo rupestre, where some genera 
contribute with many sympatric species (Zappi et 
al. 2017).

Amongst the better represented genera of 
seed-plants in the study area, forest groups such 
as Miconia (20 species), Solanum (16), Myrcia 
(14) and Piper (12) (Cardoso et al. 2017) appear 
in the forest formations that occur on the iron-
rich canga, namely small groves and transitional 
forest between open areas and the adjacent 
ombrophilous forests (Tab. 1). The other genera 
with high number of species in the area are either 
herbaceous, such as Paspalum (19 spp.), Cyperus 
(13 spp.), Rhynchospora (12 spp.), Utricularia (11 
spp.), or herbaceous to shrubby, such as Borreria 
(12 spp.) (Tab. 1).

Plant habits
Herbaceous habit (347 species, or 40.5% 

of the total number of seed plants) predominates 
over other plant habit types, following the pattern 
found in other Brazilian biomes with exception of 
the Amazon, such as Cerrado, Pantanal, Caatinga e 
Pampa (BFG 2015). The habit proportion found in 
the FCC is one tree (including those with variable 
habit between tree and shrub and the palms) for 
each four species of herb, subshrub, shrub or 
liana. This proportion is rather different from that 
recorded for the Brazilian Amazon Rainforest, 
where the proportion is of one tree for each two 
different plant habits (BFG 2015).
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The diversity of the herbaceous layer is not 
exclusive to the FCC, being a strong feature of 
the open vegetation of eastern Brazil, such as the 
quartzitic outcrops of the Cadeia do Espinhaço, 
however, there the floristic composition is 
markedly dominated by subshrubs or shrubs with 
subterranean structures (xylopodia) adapted to 
strongly seasonal climates as well as to natural 
fires (Neves & Conceição 2010). The canga of 
Carajás substrate differs from the lateritic soil 
with deep water-table found in cerrado vegetation 
(Eiten 1972), and also from the shallow, stony soil 
of quartzitic campo rupestre, as there are evidences 
that the canga is more permeable, porous and 
capable to store water for longer periods of time 
(Carmo & Jacobi 2016). 

Taking into account the Amazonian context, 
the Carajás region is an area with high richness 
of herbaceous species (347 spp.). If we consider 
that 476 herbaceous species are referred for all 
the Amazonian campinarana areas in Brazil 
(FBO 2020, under construction), the FCC are 
very relevant in their contribution to herbaceous 
species richness for this domain, especially 
when considering the small area covered by 
this vegetation (approx. 120 km2). On the other 
hand, this information also suggests that the 
campinarana areas of the region may be under-
sampled, calling for the need to develop similar 
taxonomic projects in the diverse vegetation types 
of the Amazon Rainforest.

Well defined rain seasonality may represent 
another particularity of the canga of Carajás. 
The region has a well defined rainy summer 
followed by a dry winter, with ¾ of the total 
precipitation concentrated in the three rainiest 
months, typically between January and March 
(Viana et al. 2016). During the dry season, the 
open landscape is marked by the presence of 
deciduous or semi-deciduous shrubs and treelets, 
such as Cochlospermum orinocense (Bixaceae), 
Callisthene microphylla (Vochysiaceae), 
Mimosa acutistipula var. ferrea (Fabaceae), 
Erythroxylum spp. (Erythroxylaceae), Croton spp. 
(Euphorbiaceae), a smaller number of evergreen 
shrubs and lianas, such as Clusia spp. (Clusiaceae) 
and Norantea guianensis (Marcgraviaceae), and 
an empoverished herbaceous layer represented 
by perennial herbs such as Bromeliaceae (e.g., 
Dyckia duckei, Pitcarnia burchellii), Cyperaceae 
(e.g., Bulbostylis cangae), Orchidaceae (e.g., 
Catasetum discolor and Sobralia liliastrum), 
Poaceae (e.g., Axonopus longispicus, Paspalum 

cinerascens), Velloziaceae (Vellozia glauca), 
among others. The rainy period is marked 
by the proliferation of annual herbaceous 
plants such as Cavalcantia glomerata , C. 
percymosa, Monogereion carajensis, Praxelis 
asperulacea (Asteraceae), Bulbostylis conifera 
and Rhynchospora acanthoma (Cyperaceae), 
Eriocaulon  cara jense  (Er iocaulaceae) , 
Utricularia physoceras (Lentibulariaceae), 
Lindernia brachyphylla (Linderniaceae), 
Brasilianthus carajensis (Melastomataceae), 
Paspalum cangarum, P. carajasense, Sporobolus 
multiramosus, Trichanthecium aff. arctum 
(Poaceae), Perama carajasensis (Rubiaceae) and 
Xyris brachysepala (Xyridaceae) that, together 
with the shrubs, treelets and lianas that are in 
full leaf and often in blossom during this period, 
transform what was a greyish place into a colourful 
landscape (Zappi 2017). 

The flora and environments of the 
canga of Carajás
At the Serra dos Carajás, the canga is 

characterized by a mosaic formed by different 
phytophysionomies associated to the iron-rich 
substrate (Cleef & Silva 1994; Mota et al. 2015). 
However, in order to organize the species into 
vegetation types, we considered only the tree major 
groups proposed by Mota et al. (2015), without 
considering the subgroups proposed therein.

The importance of forest formations within 
canga is obviated by the fact that, from the 492 
forest species recorded, 247 are exclusive to 
this environment. However, if adding up the two 
open formations (open rupestrial + hydromorphic 
vegetation), a total of 534 species, of which 271 
are exclusive, a balance between open and forest 
vegetation can be observed.

While the hydromorphic vegetation 
contributes with the smaller number of recorded 
species (174 spp.), it is also the habitat with largest 
proportion of exclusive species (c. 57%) in relation 
to the forest (50%) and rupestrial (31%) habitats. 

The role played by each type of habitat in 
the floristic richness fo the canga of Carajás is 
evident, and the deciduous to semi-deciduous 
low forests found as groves or transitional areas 
support a peculiar flora, that presents endemic 
taxa such as Hypolytrum paraense (Cyperaceae), 
Sinningia minima (Gesneriaceae), Mouriri cearensis 
subsp. carajasica (Melastomataceae), Peperomia 
pseudoserratirhachis (Piperaceae) and Daphnopsis 
filipedunculata (Thymelaeaceae) (Tab. 1). 
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Endemic taxa
The canga of Carajás is an area of ancient 

mountains in the Amazon of pre-Cretacean 
origin, when supergenic events in what is now 
southern Pará originated expressive lateritic crust 
in the region (Ab’Saber 1986; Viana et al. 2016). 
Isolated by a rainforest matrix, the blocks of 
canga of Carajás resemble vegetation islands over 
a peculiar substrate where geographic isolation 
events may have promoted speciation processes 
and generated endemic patterns. A list of 24 species 
and a subspecies are endemic to the canga of the 
FLONA of Carajás and PNCF, representing 2.9% 
of the flora of the study area (Tab. 1).

The two monospecific genera endemic 
to the study area, Parapiqueria (Asteraceae) 
and Carajasia (Rubiaceae), when added to two 
other genera, Monogereion (Asteraceae) and 
Brasilianthus (Melastomataceae), that are restricted 
to the canga of Carajás, however ocurring over a 
wider set of outcrops that neighbour the FCC study 
area (Cruz et al. 2016; Rocha et al. 2017) show 
how important the region is in terms of endemism. 
Other relevant point is that the 24 putative endemic 
species make up nearly 5% of the 443 species 
considered endemic for Pará state (FBO 2020, 
under construction), highlighting the importance 
of the contribution of the canga of the FLONA 
of Carajás and the PNCF towards the number of 
endemic seed plants at state level. 

The 120 monographs published by the FCC 
project encompass 40 species that were marked 
not fully identified, of which around 50% were 
flagged by the authors as possible new to science 
(Cruz et al. 2015; Koch & Ilkiu-Borges 2016; 
Nunes et al. 2016; Reis et al. 2017; Watanabe et 
al. 2017; Zappi et al. 2017; Chautems et al. 2018; 
Coelho 2018; Costa et al. 2018; Fernandes et al. 
2018; Mattos et al. 2018; Rocha et al. 2017; Koch 
et al. 2018; Viana et al. 2018). Of these, a number 
has been found only on the canga of Carajás, 
being thus potentially endemic. Efforts to solve 
these taxonomic problems are urged, together with 
widening the scope for fieldwork in and around 
the areas in order to ascertain the true level of 
endemism found in the region. 

Potentially invasive species
Species considered as potential invasives 

(exotic and problem native species) add up to 
approximately 12% of the species analysed. The 
blocks of canga with larger number of these species 
coincide with the location of open mines, such as 

S11D, N4 e N5, or with areas that were transformed 
recently into conservation units, but that were 
formerly under strong anthropic pressure, such 
as the Serra da Bocaina, that was included in the 
PNCF in 2017. Areas that have a long history of 
occupation and others used as support for mining 
activities, such as N1 and N3 (STCP 2016), also 
feature among these. 

The outcrops that have operating mines have 
suffered an increase of the number of invasives. 
As an example of this, we can cite some new 
occurrences for the FCC for the S11D mine at 
the Serra Sul, such as Ipomoea procumbens, first 
recorded in 2017 (Zappi 3510), Bidens pilosa, in 
2012 (Arruda 1222), Digitaria ciliaris with two 
records, one in 2009 and other in 2015, both near 
the Geosol camp at the S11D site (Viana 4376 and 
Afonso 120), as well as Eragrostis pilosa, collected 
in 2015 (Afonso 118) and E. tenella, in 2009 and 
2015 (Viana 4371 and Afonso 115). Furthermore, 
there are recent records associated probably to 
the increase of the area of the N4 mine, such as 
Digitaria violascens, with the first record in 2012 
at N4WS (Viana 5315). All the above mentioned 
species were not collected before 2000 in the study 
area. An identification guide for invasive plants was 
prepared specifically for block S11D, comprising 
also has management proposals for control and 
erradication of exotic species (Giulietti et al. 2018).

The presence of many invasive species in the 
Serra da Bocaina, including Ageratum conyzoides, 
Emilia sonchifolia, Porophyllum ruderale, Cyperus 
agreggatus, Cantinoa americana, Phytolacca 
thyrsiflora and Paspalum conjugatum, may be 
associated to the long history of landscape change 
and degradation linked to intensive and disordinated 
land use, with forest felling, timber harvesting and 
frequent criminal fires. Before its inception as part 
of the PNCF in June 2017, the Serra da Bocaina did 
not have status as a protected area. It is desirable 
to provide adequate management to the exotic and 
native problem species in this conservation unit to 
avoid their dissemination in the canga area that is 
now under full legal protection. 

Local diversity in Carajás
The area covered by this  s tudy is 

of approximately 120 km2, with four major 
subdivisions: Serra Sul (~ 46 km2), Serra Norte (~ 
35 km2), Serra da Bocaina (~ 20 km2) and Serra do 
Tarzan (~ 8 km2), at altitudes between 500 and 800 
m a.s.l. Within the FLONA of Carajás, the Serra 
Norte and Serra Sul encompass, respectively, 77% 
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and 64% of the species of seed plants found in the 
study area. The area covered by the Serra Sul is 
larger than the Serra Norte (~ 46 km2 vs. 35 km2), 
however the comparison here shows that the Serra 
Sul harbours less species. Two factors may be used 
to explain this difference, namely that the sampling 
effort dedicated to the Serra Norte is comparably 
much larger (4,900 specimens vs. 2,806 in the Serra 
Sul) and that the discontinuity between the blocks 
of Serra Norte may contribute towards the higher 
richness documented there. The Serra Sul has been 
divided in four sectors (S11A, S11B, S11C and 
S11D) that are, however, interconnected. 

A separate analysis of the blocks within the 
major outcrops highlights higher richness in S11D, 
N1, N4 and N5, and these also correspond to areas 
historically better sampled. The Serra Norte was the 
first accessible point of the region back at the end 
of the 1960´s to be investigated by botanist Paulo 
Bezerra Cavalcante at the onset of the Projeto Ferro 
Carajás (Viana et al. 2016), while block N1, one 
of the largest canga blocks, was repeatedly visited 
over 45 years of exploration in the region. It has 
the highest documented plant richness of all blocks, 
with 392 species.

Meanwhile, blocks N4 and N5 were studied 
from the implementation of the Projeto Ferro 
Carajás as part of the prospecting for the first 
operating iron mines in the area (STCP 2016). 
Due to the economic importance of this enterprise, 
many environmental impact reports were prepared 
for these plateaus and, together with the effort 
employed by the FCC projects culminated with the 
high number of species recorded in these blocks. 
However, a large part of the original area of canga 
of these blocks has been supressed through mining 
activities, and a comparison using Google Earth 
historical images shows that about 20% and 9% 
of the original area of N4 and N5, respectively, is 
left. A similar landscape is under construction in 
the Serra Sul, with the implementation of the S11D 
iron mine, where approximately 12% of the canga 
has already been supressed. The periodic evaluation 
of the composition of the flora and the populations 
of endemic species found within these plateaus is 
paramount to ensure that measures are in place for 
local flora conservation.

The Serra da Bocaina and Serra do Tarzan 
encompass the lowest number of plant species 
found in the study area, with respectively 27% e 
26%. These are also the least sampled outcrops 
and have much smaller area than the Serra Norte 
and Serra Sul. They are the only areas of canga 

included in the PNCF and, together, comprise 
351 species of seed plants, or nearly 41% of the 
species number recorded for the FCC. Despite 
being an important step towards plant conservation 
in the region of Carajás, the creation of this fully 
protected area has not ensured that several endemic 
canga species from the FLONA of Carajás, 
such as Parapiqueria cavalcantei (Asteraceae), 
Ipomoea cavalcantei (Convolvulaceae), Axoponus 
carajasensis and Paspalum carajasense (Poaceae), 
Carajasia cangae (Rubiaceae) and Daphnopsis 
filipedunculata (Thymelaeaceae).

Canga of Carajás,
a unique vegetation 
The 13 species shared by the three areas 

of canga compared here (Carajás, QF and 
Corumbá) are widely distributed plants: Cyperus 
aggregatus, C. laxus, C. sesquiflorus (Cyperaceae), 
Passiflora foetida (Passifloraceae) and Axonopus 
compressus (Poaceae) are found in all Brazilian 
biomes; Blepharodon pictum (Apocynaceae), 
Commelina erecta (Commelinaceae), Evolvulus 
filipes (Convolvulaceae), Bulbostylis conifera 
(Cyperaceae), Sida linifolia (Malvaceae), 
Bredemeyera floribunda (Polygalaceae) and 
Borreria verticillata (Rubiaceae) are in all biomes 
excepting the Pampa (BFG 2015); and Evolvulus 
lithospermoides (Convolvulaceae) is cited for 
the Amazon Rainforest and the Cerrado in open 
areas including grasslands, campo rupestre and 
Amazonian savanna (BFG 2015). Amongst 
the above cited species, C. aggregatus and B. 
verticillata are also considered potentially invasive 
(Tab. 1).

The FCC and QF shared 96 species, the 
majority of which are widely distributed in Brazil, are 
comprised by nearly a third (28 species) considered 
potentially invasive (exotic or problem natives) 
(Tab. 1): Asclepias curassavica (Apocynaceae), 
Ageratum conyzoides, Bidens pilosa, Emilia 
sonchifolia, Porophyllum ruderale (Asteraceae), 
Commelina benghalensis (Commelinaceae), 
Ipomoea procumbens (Convolvulaceae), Cyperus 
aggregatus, C. surinamensis (Cyperaceae), 
Chamaecrista nictitans, C. rotundifolia, Desmodium 
incanum (Fabaceae), Cuphea carthagenensis 
(Lythraceae), Sida rhombifolia, Waltheria indica 
(Malvaceae), Ludwigia octovalvis (Onagraceae), 
Andropogon bicornis, A. leucostachyus, Axonopus 
capillaris, Digitaria insularis, Eragrostis curvula, 
Erechtites hieracifolius, Melinis minutiflora, P. 
paniculatum, Urochloa brizantha, U. decumbens 
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(Poaceae), Borreria verticillata (Rubiaceae), 
Solanum americanum (Solanaceae), Stachytarpheta 
cayannensis (Verbenaceae).

Between the families with higher number of 
species, only Poaceae, Fabaceae, Cyoeraceae and 
Apocynaceae appear among the top ten for all areas. 
The list of top families in Carajás and QF is similar, 
however the ranking of the families is different in 
the two areas, with Carajás three top families being 
Poaceae, Fabaceae and Rubiaceae, while QF has 
Asteraceae, Poaceae and Orchidaceae, as its top 
families (Tab. 2).

Some families recorded in the FCC 
are not present in the canga of the QF, such 
as Gnetaceae, Burseraceae, Caryocaraceae, 
Chrysobalanaceae, Combretaceae, Costaceae, 
Marantaceae, Marcgraviaceae, Simaroubaceae, 
Trigoniaceae. Gnetaceae is a pantropical family 
with its centre of diversity in the Amazon (Price 
1996). Widely distributed in the Amazon, Gnetum 
nodiflorum, the only gymnosperm species found 
in the canga until the present moment was found 
in forest groves over canga in Carajás. Some 
angiosperm families not recorded in the QF have 
their diversity centre in the Amazon biome, such 
as Chrysobalanaceae, Burseraceae, Costaceae, 
Combretaceae, Marantaceae (Daly et al. 2012; 
Stace 2010; Costa et al. 2011). 

Many of the genera with higher species 
diversity in FCC were not present or had low 
representativeness at the QF (Viana & Lombardi 
2007; Carmo & Jacobi 2012; Messias & Carmo 
2015): Philodendron and Anthurium (Araceae), 
Justicia and Ruellia (Acanthaceae), Rhynchospora 
(Cyperaceae), Peperomia and Piper (Piperaceae). 
From these, only Rhynchospora occupies open 
types of vegetation, while the others had most 
of their species associated to forest formations 
within the FCC. 

Likewise, amongst the angiosperm families 
that are well represented in the QF, many were 
not recorded at the FCC: Amaryllidaceae, 
Apiaceae, Aquifoliaceae, Araliaceae, Brassicaceae, 
Campanulaceae, Clethraceae, Cunoniaceae, 
Ericaceae, Haloragaceae, Hypoxidaceae, Juncaceae, 
Pentaphyllaceae, Peraceae, Rhamnaceae, Rosaceae, 
Scrophulariaceae, Symplocaceae, Theaceae, 
Violaceae and Winteraceae (Viana & Lombardi 
2007; Carmo & Jacobi 2012; Messias & Carmo 
2015). Many of these families are associated 
to temperate climates, such as Aquifoliaceae, 
Campanulaceae, Clethraceae, Cunoniaceae, 
Ericaceae, Rosaceae, Symplocaceae, Theaceae, 

Violaceae and Winteraceae (Safford 1999), and this 
may explain their absence in the Carajás region, 
where monthly temperatures vary between 25,1oC 
and 26.3oC, with the absolute minimum between 
15.6oC and 18.3oC recorded between July and 
October, and the maximum of 34.3oC e 38.1oC 
spread through all the remaining months (Viana 
et al. 2016). 

Another important difference between the QF 
and FCC floras is the high floristic representativity 
of some of the families in the QF that is not obsered 
at the FCC. For instance, the Eriocaulaceae (QF 
5% × 1.2% FCC), Xyridaceae (1.4% × 0.5%) and 
Velloziaceae (1% × 0.1%) show this pattern, as 
well as several genera that are absent or poorly 
represented at the FCC, such as Baccharis (QF 
18 spp. × 0 FCC), Lippia (10 × 1), Microlicia (9 
× 0), Ditassa (9 × 0) and Stachytarpheta (8 × 1) 
(Carmo & Jacobi 2012). In this case is possible 
to notice the strong influence of the Cerrado and 
campo rupestre from the Espinhaço Ragne in 
the floristic composition of the canga of the QF. 
The Eriocaulaceae, Xyridaceae and Velloziaceae 
appear among the families with more species in 
the quartzitic campo rupestre of the Espinhaço 
Range, while the abovementioned genera have an 
important rôle in the composition of several floras 
studied in that region (Giulietti et al. 1987; Giulietti 
& Pirani 1988) and may thus influence the QF 
canga composition.

Recent studies by Zappi et al. (2017) point 
to strong influence of the Atlantic Rainforest 
biome in the compositon of the QF canga. The 
data generated by FCC make it possible to 
envisage the influence of the Amazon Rainforest 
over the floritic composition of the canga of 
Carajás. To enable us to extend and deepen a 
discussion within this context it is necessary 
to perform quantitative analyses and to obtain 
more representative sample of other neotropical 
canga areas, involving different biogeographical 
context. Other important areas, such as the Rio 
Santo Antônio basin (transition between Cerrado 
and Mata Atlântica) and the Vale do Peixe Bravo 
(Caatinga), in Minas Gerais state, as well as the 
canga of Caetité, within the Bahian Caatinga, still 
lack suitable authoritative floristic lists (Carmo & 
Kamino 2015). For the moment, only the canga of 
Carajás (Amazon Rainforest) and the Quadrilátero 
Ferrífero (transition between Atlantic Rainforest 
and Cerrado) are relatively well sampled, but it 
is necessary to intensify collections and listing 
exercise for the rest of the areas of canga of Brazil. 
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Conclusion
The collecting effort invested in getting to 

know the areas of canga of the FLONA of Carajás 
and the PNCF and the involvement of 131 plant 
taxonomistas in the study of these specimens have 
built the most detailed floristic study so far for an 
area in the Brazilian Amazon. The results of the 
total publication of the FCC show an impressive 
species richness that is significantly higher than 
what was referred earlier, surpassing even the 
estimates made at the start of the project. Supposing 
this is a pattern that may encompass other plant 
formations in the Amazon, it is necessary to apply 
similar effort to other sites within this biome, 
especially focussing on conservation units, coupled 
with the involvement of taxonomists, to start to 
reveal the real biodiversity of the Amazon flora. 

The floristic composition of the canga of 
Carajás has been revealed as different from the 
canga of the Quadrilátero Ferrífero, in Minas 
Gerais, and of Corumbá, in Mato Grosso do 
Sul. Despite the similarity between the iron-
rich substrate where this vegetation occurs, 
the phytogeographic context appears to have a 
determining role in the floristic identity of each site.

The richness and singularity of the local 
flora, including its endemic species, frame the 
area of Carajás as an important region for the 
conservation of the Amazon flora. Associated to 
the threat that land transformation for mining poses 
towards this vegetation, as well as the man made 
fires and competition with exotic species through 
land use in the general region, the situation calls 
for rigorous planning towards conservation of 
the flora of the canga of Carajás. We hope that 
the detailed knowledge regarding taxonomy and 
distribution of the canga species can be of use to 
provide a basis for the management of this area, 
contributing to the informed dialogue between the 
productive sector and the organs that provide the 
environmental licencing in order to safeguard the 
country´s nature. 
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