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Abstract: The Chapada das Mesas National Park is a federal reserve located in the State 
of Maranhão, in an ecotonal region of the Brazilian Northeast Cerrado. Aiming to assess 
the infl uence of biogeographic patterns and support restoration actions for regions 
where information is scarce, we analyzed the fl oristic composition of savanna and 
forest Cerrado physiognomies, the fl oristic relationships with other Brazilian Cerrado 
areas and investigated the fl oristic relationships between the Cerrado and the Amazon, 
and the Caatinga and Atlantic Forest biomes. A total of 242 species in 181 genera and 
64 families are recorded in our study. Fabaceae was the most representative family. 
We report 50 new records of species for Maranhão, four new records for the Cerrado 
biome and one vulnerable species. The separation of the gallery forest from cerradão 
and typical cerrado by ordination shows the infl uence of water availability and soil 
characteristics on fl oristic composition. In Cerrado ecotonal regions, such as Mato 
Grosso and Maranhão, the presence of species shared with the Amazon is expressive. 
In addition to the Amazon, physiognomies had greater fl oristic connection with the 
Caatinga fl ora. Our data demonstrates that the marginal areas of the Brazilian Cerrado 
may present high species diversity.

Key words: conservation, endemism, flora, gallery forest, savanna.

INTRODUCTION

The Cerrado covers 200 million hectares (Mha) in 
Brazilian territory and houses about 4800 plant 
and vertebrate endemic species, in a vegetation 
complex that includes different physiognomies 
(Ribeiro & Walter 2008, Strassburg et al. 2016). 
The Cerrado is considered a threatened hotspot, 
which has already lost 88 Mha (46%) of its original 
coverage mainly due to agribusiness expansion 
(Strassburg et al. 2017). The extinction of some 
397 endemic endangered plants may occur by 
2050, if there is limited biome protection along 

with agricultural expansion, which highlights 
the infl uence of the socioeconomic and political 
dimensions for conservation (Faleiro & Loyola 
2013, Strassburg et al. 2017).

In the Brazilian Central Plateau, the Cerrado 
has an average elevation of 1100 m (Miranda & 
Faria 2001) and an average annual rainfall of 
1500 mm (Ribeiro & Walter 2008). However, the 
Cerrado has a large latitudinal range, between 5° 
and 20° south latitudes, so it is possible to fi nd 
topographic and climatic variations in the areas 
of the biome distributed in the fi ve Brazilian 
regions (Silva et al. 2008). These variations may 
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influence the distribution of Cerrado species, as 
topography and climate are some of the main 
factors that determine vegetation composition 
(Castro & Martins 1999).

Another uniqueness of the Cerrado is its 
contiguous boundaries with all Brazilian biomes 
except the Pampa grasslands (Ribeiro & Walter 
2008). The proximity of species-rich vegetation 
such as the Amazon Rainforest and the Atlantic 
Forest has been associated with Cerrado 
megadiversity (Simon et al. 2009). Indeed, in 
areas of the ecotonal Cerrado where there are no 
biogeographic barriers, species interpenetration 
and, consequently, the formation of subregional 
landscape complexes may occur (Ab’Saber 2003). 
In this context, the biome is a unique region for 
research on the influence of geographical and 
historical factors on its biota (Méio et al. 2003).

The relation of the floristic composition of 
the Cerrado with the dry and humid forests of 
South America has its origins in the climatic 
fluctuations of the Quaternary period, which 
allowed the expansion and retraction of the 
biome in these areas (Oliveira-Filho & Ratter 
2002). Classic and recent phytogeographic 
studies have pointed to a greater influence of 
the Atlantic Forest on non-endemic floristic 
composition of the Cerrado (Rizzini 1963, Heringer 
et al. 1977, Méio et al. 2003, Françoso et al. 2016). 
However, greater knowledge about the floristics 
of Cerrado-Amazon transition zones may reveal 
a different proportion since the Cerrado has its 
largest border with the Amazonian biome.

In the Cerrado, there are forest formations 
associated with watercourses in moist soils 
where a considerable number of species have 
been identified as good indicators of the 
groundwater regime and are distributed in 
adjacent biomes (Ribeiro & Walter 2001, Oliveira-
Filho & Ratter 2002).  According to Oliveira-Filho 
& Ratter (1995), these forest formations would 
constitute a northwest-southeast route for the 

distribution of species from the Amazon to the 
Atlantic Forest.

Ecotonal Cerrado areas showed marked 
differences in woody species composition 
when compared to core Cerrado areas (Lenza 
et al. 2011, Marimon et al. 2014). In the Cerrado-
Amazon transition zones it was shown that 
the floristic structural dissimilarity of woody 
species in forest and savannah physiognomies 
was mainly determined by geographical 
distance (Maracahipes-Santos et al. 2017). Other 
factors traditionally considered important for 
determining local-scale variation in vegetation 
composition are edaphic conditions and water 
availability (Carvalho et al. 2014, Soares et al. 
2015).

Cerrado-Amazon transition zones are 
located in the Central-Western and North-
Northeast phytogeographic provinces, which 
include the southern and southeastern portions 
of Maranhão (Ratter et al. 2003). In these 
portions, Cerrado heterogeneity is related to the 
wide range that it occupies, at altitudes ranging 
from 200 to 800 m, the presence of contiguous 
boundaries with the transition forest vegetation 
and especially the Amazon Forest (Silva-Moraes 
et al. 2019).

Aiming to contribute to the knowledge 
about the vegetation of ecotonal areas of the 
Brazilian Northeast Cerrado, we analyzed the 
floristic composition of savanna and forest 
physiognomies in the Parque Nacional da 
Chapada das Mesas (CMNP), Maranhão, including 
the occurrence of endemic, threatened and exotic 
species. The floristic relationships of the CMNP 
flora with the surrounding biomes were also 
determined, addressing the following questions: 
(1) Is the species composition of the woody 
vegetation more similar between the CMNP 
flora and the Cerrado-Amazon transition zones? 
(2) Is there a pattern of floristic composition 
associated with the proximity of well drained 
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watercourses? (3) Does the distance among 
areas explain the floristic similarity between 
physiognomies?

MATERIALS AND METHODS
Study area
The CMNP, Unidade de Conservação de 
Proteção Integral, has an extension of 1600 km2 
(06°59’S and 47°02’W) and is comprised of the 
municipalities of Carolina, Riachão and Estreito, 
located in the State of Maranhão, Northeastern 
Brazil (Brasil 2005). The CMNP was created in 
December 2005, for the conservation of native 
species of flora, fauna and the protection of 
springs, waterfalls and river water courses that 
supply important hydrographic basins, such as 

the Farinha river (MMA 2007, Souza et al. 2015). The 
relief is predominantly flat-wavy, with altitudes 
ranging from 250 m in the valleys and up to 524 
m in the hills. The top of the hills is relatively 
flat, which explains the denomination “Chapada 
das Mesas”. The regional climate is Tropical 
Aw according to the Köppen classification. The 
average annual temperature is 26.1°C and average 
annual precipitation is between 1250-1500 mm. 
The rainy season occurs between November 
and April and the dry season between May and 
October, the most critical period in relation to 
fire outbreaks. The quartzipsamment soil class 
is predominant in the study area (IBAMA 2013). 

The study was carried out at the CMNP in 
an area located in Carolina (Fig. 1). The general 
characterization of the Cerrado areas studied 

Figure 1. Map with the 
location of the Chapada das 
Mesas National Park (CMNP), 
Maranhão, Brazil and the 
points of data collection in the 
physionomies gallery forest 
(gal); typical cerrado (css); 
cerradão (crd) and rupestrian 
cerrado (rup).
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was made in accordance with Ribeiro & Walter 
(2008), considering: (i) typical cerrado is a 
savanna formation in which tree and shrub 
stratum predominates with irregular, twisted 
branches and there is usually evidence of 
fires; (ii) cerradão is an arboreal stratum 
with gnarled and erect individuals, with few 
deciduous species in the dry season and there 
are elements of cerrado sensu stricto and forest; 
(iii) gallery forest is a perennial forest vegetation 
that accompanies the small rivers and streams 
of the central plateaus of Central Brazil, forming 
closed corridors over the watercourse and (iv) 
rupestrian cerrado is a savanna formation 
in which the herbaceous species and sparse 
arboreal-shrub strata with twisted branches 
grow in places where there are rock outcrops 
and well drained soils  (Fig. 2). The collections 
obeyed the collection permits issued by the 
ethics committee of the Instituto Chico Mendes 
de Conservação da Biodiversidade (protocols of 
SISBio 57426-1, 57426-3).

Data collection
The CMNP inventory was made with data of 
species referring to four physiognomies, the 
cerradão, typical cerrado, gallery forest and 
rupestrian cerrado. One part of the data was 

collected in the field and the other through access 
to the database of the herbariums contained 
in the SpeciesLink database (splink.cria.org.br), 
an information system that contains data from 
scientific collections. All data were analyzed 
regarding the plant species composition (see 
next subsection).

For field sampling, five areas of 1 ha were 
selected on the physiognomies of typical 
cerrado and cerradão, covering ten collection 
areas. The collection areas in the typical cerrado 
and cerradão were about 5 to 52 km and 3 to 
30 km apart, respectively (Fig.1). The floristic 
survey was carried out from September 2016 
to April 2018, the sampling was quarterly and 
covered both dry and rainy seasons, completing 
14 days of collection during the study period. 
We collected vascular plants, preferably in 
reproductive phase. Plants were sampled by 
using the “wide-patrolling” method (Filgueiras 
et al. 1994) on two trails for each area in the 
cerradão and typical cerrado physiognomies. 
According to this method, the collector has to 
walk on the trails to be inventoried, recording and 
collecting all present species that are observed 
over predetermined time intervals (Filgueiras 
et al. 1994). In this survey, the average walking 
time per trail was 1h 30 min at 15 min intervals 

Figure 2. CMNP. (a) 
rupestrian cerrado; 
(b) typical cerrado; (c) 
cerradão; (d) gallery 
forest. Photos by R. 
Saraiva.
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of observation and species of all habits were 
included, following the general descriptions 
in Souza et al. (2013) for tree, shrub, subshrub, 
herb, vine and hemiparasite. The collections 
obeyed the collection permits issued by the 
Instituto Chico Mendes de Conservação da 
Biodiversidade (SISBio 57426-1, 57426-3).

For the rupestrian cerrado and gallery 
forest physiognomies, data were obtained from 
the ALCB, CEN and SLUI herbariums contained in 
the SpeciesLink database in October 2017. Five 
sampling points were selected for the rupestrian 
cerrado and for the gallery forest, based on 
the recorded coordinates and descriptions of 
the habitat in the exsiccates contained in the 
SpeciesLink database for the CMNP. Specimens 
were only considered when identified at species 
level by taxonomic specialists. 

The botanical material was herborized and 
voucher specimens were deposited in the SLUI 
herbarium, Universidade Estadual do Maranhão/
UEMA, with duplicates at ALCB, FLOR, HST, MAR 
and UB herbariums. The species were identified 
using specialized bibliography, taxonomists’ 
expertise, and comparison with specimens in 
the SLUI herbarium and virtual international 
herbaria through the worldwide web.

The floristic list was compiled in accordance 
with the classification system based on Chase 
et al. (2016) for angiosperms, and the species 
names were confirmed by consulting the 
database of the Jardim Botânico de Missouri 
contained in the Tropical System (tropicos.org) 
and the Projeto Lista da Flora do Brasil (Flora do 
Brasil 2020 under construction). The species list 
of the Grupo da Flora Brasileira database (Filardi 
et al. 2018) was used to obtain information 
about endemism (species that only occur in 
the Cerrado biome), geographical distribution, 
phytogeographic analysis and new records 
of species in the State of  Maranhão and the 
Cerrado biome. The threatened species were 

checked at the national level according to the 
Red Book of Brazilian Flora (Martinelli & Moraes 
2013) and globally using the IUCN Lista Vermelha 
de Espécies Ameaçadas online databases (IUCN 
2017).

Analysis of plant species composition 
For species richness, a two-way ANOVA model was 
built, to seek the average difference of richness 
in plant phytogeographic distribution and 
plant habit. When the criterion of homogeneity 
of variance was not met, the nonparametric 
Kruskal-Wallis test was used. The Análise de 
Correspondência Distendida (DCA) was used to 
verify the pattern of plant species composition 
among physiognomies and the floristic 
relationships of woody species with another 
eight Brazilian Cerrado areas occurring in four 
Brazilian regions, where there is distribution 
of the biome (Table I). Floristic differences 
were determined between the studied areas 
with a dendrogram (Unweighted Pair Group 
Method- UPGMA), using the Jaccard index of 
community dissimilarity. The hypothesis that 
the floristic patterns are distance-dependent 
was tested by a Modelo Linear Generalizado 
(GLM) that investigated whether the number of 
species shared between the sampled areas is 
explained by the linear distance between them. 
All analyses were performed using the ‘vegan’ 
package, version 2.5-2 of R (R Development Core 
Team 2016). 

RESULTS
Floristic diversity and geographical 
distribution
A total of 242 species of vascular plants were 
inventoried in CMNP, distributed in 181 genera 
and 64 families (Table SI- Supplementary 
material). The most representative families 
were Fabaceae (42 species); Rubiaceae (14 
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species); Cyperaceae (12 species); Malvaceae (11 
species); Asteraceae (9 species); Euphorbiaceae 
(9 species); Poaceae (9 species), corresponding 
to 43.80% of all the species. Twenty-six families 
(40.62% of all families) were represented by 
only one species. The most diverse genera 
were Cyperus (5 species) and Chamaecrista (5 
species). Other genera counted three registered 
species: Croton; Evolvulus; Annona; Polygala; 
Xylopia; Combretum; Rhynchospora; Bulbostylis 
and Lippia. Of the recorded species, 123 (50.83%) 
were trees, 74 (30.58%) were herbaceous, 70 
(28.93%) were shrubs, 17 (7.02%) were sub-shrubs 
and 15 (6.20%) were vines (Fig. 3). The richness 
data showed a significant mean difference for 
plant habit (Kruskal-Wallis: p = 0.006). Regarding 
the richness data per habit, vines and trees 
(Mann Whitney U: p = 0.014, Z = -2.309) and sub-
shrubs and trees (Mann Whitney U: p = 0.029, Z 
= -2.309) were responsible for the significance in 
the Kruskal-Wallis model.

Most species are native to Brazil, but two 
are exotic, according to the Brazil Flora Group 
(2018): Polycarpaea corymbosa (L.) Lam. and 
Eulophia alta (L.) Fawc. & Rendle. One species 
was considered vulnerable: Cedrela fissilis Vell. 
There were 50 new occurrences for Maranhão 
State (Table SI) and four new occurrences for 
the Cerrado biome: Anacardium giganteum 
W.Hancock ex Engl.; Mimosa modesta var. 
ursinoides (Harms) Barneby ; Sacoglottis 
guianensis Benth. and Voyria flavescens Griseb.

Physiognomies in the CMNP 
The typical cerrado presented a larger number of 
species, with 113 records. Sixty-five species were 
recorded for the cerradão, 63 for the rupestrian 
cerrado and 58 species were recorded for the 
gallery forest. In the typical cerrado, 45 families 
were registered, Fabaceae (24), Bignoniceae 
(5) and Poaceae (5) were among the ones with 
the greatest richness. In the cerradão areas 38 

 Table I.  Cerrado areas of Brazil compared with the CMNP in Carolina municipality, MA, Brazil.

Cod. Sites/State Rainfall 
(mm year-1) T (°C) Lat (S) Long 

(W)
Alt (m 
a.s.l.) References

CB_DF
Cerradão 
Biological 

Reserve/ DF
1350 to 1450 21 15°51’ 47°49’ 1087 Silva & Felfili (2012)

CA_MT
“Cerrado”-
Amazon 

transition zone/ 
MT

1598 25 12°49’ 51°46’ 379 Maracahipes-Santos et 
al. (2015)

ER_BA Espinhaço 
Range/ BA 700 to 900 22 14°25’ - 

14°50’
42°35’ - 
42°30’

700 to 
1230 Campos et al. (2017)

GU_MG Guapé/ MG 1448 21 20°49’ - 
20°51’

46°00’ - 
46°02’

788 to 
932 Torres et al. (2017)

NX_MT Nova Xavantina/ 
MT 1600 24 14°41’  52°20’ 250 Marimon-Junior & 

Haridasan (2005)
PN_SP Pratânia/ SP 1454 21 22°48’ 48°44’ 714 to 753 Ishara & Maimoni-

Rodella (2012)

TE_GO Terra Ronca State 
Park/ GO 1406 24 13°35 46°16’ 750 Teixeira et al. (2017)

TR_TO Tocantins River 
Basin/ TO

1400 to 
1800 25 13°08’ 

-13°18’
48°13’ - 
48°10’

300 to 
370 Medeiros et al. (2014)

CM_MA
Chapada das 

Mesas National 
Park/ MA

1250 to 1500 26 6°59’ 47°02’ 250 to 
524 Present Study
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families were registered and Fabaceae were the 
families with the highest number of species. In 
the gallery forests, 32 families were recorded 
and Fabaceae (8) and Malvaceae (6) presented 
the highest number of species. Twenty-eight 
families were registered for the rupestrian 
cerrado and Fabaceae (11) and Poaceae (7) had 
the biggest number of species. 

As for habit distribution in physiognomies, 
in the cerradão the arboreal component 
was predominant (64.62%), as well as in the 
gallery forest (46.55%) and typical cerrado 
(35.40%) physiognomies. The total herbaceous 
component had a higher proportion in the 
rupestrian cerrado (39.68%). The highest 
proportion of endemic species was obtained 
for the typical cerrado (32.74%) and rupestrian 
cerrado (26.98%). In the gallery forest and 
rupestrian cerrado, higher percentages of 
exclusive species were observed, that is, they 
occurred only in these physiognomies, 77.59% 
and 73.02%, respectively.

In general, there was low species similarity 
among the sampled areas. However, one group 
was observed, cerradão + typical cerrado, 
with higher species similarity (30 species). 
The rupestrian cerrado and gallery forest 
physiognomies presented low similarity with the 
main group and among these physiognomies 
(Fig. 4). The increased similarity between these 
areas was higher because of trees (19 species in 
common). The presence of Poaceae contributed 
to decrease the similarity between the rupestrian 
cerrado and gallery forest species. The variation 
in number of shared species was not explained 
by linear distance between the physiognomy 
areas (GLM: p = 1.00).

The DCA performed in order to compare the 
physiognomies demonstrated the segregation 
of plant communities by physiognomies, 
showing the formation of two groups, one 
consisting of vegetation that accompanies 
small rivers or poorly drained soils and which 
generally presents high sensitivity to fire (gallery 
forest) and another formed by inter-fluvial 

Figure 3. Cerrado flora species in CMNP, Maranhão, 
Brazil. (a) Stryphnodendron coriaceum Benth. (b) 
Martiodendron mediterraneum (Mart. ex Benth.) 
R.C.Koeppen (c) Dimorphandra mollis Benth. (d) 
Bauhinia dubia G.Don (e) Sterculia striata A.St.-
Hil. & Naudin (f) Discocactus catingicola Buining 
& Brederoo (g) Evolvulus frankenioides Moric. (h) 
Evolvulus lagopodioides Meisn. (i) Lippia horridula 
(Epling) Salimena, Múlgura & Harley (j) Curatella 
americana L. (k) Mabea angustifolia Spruce ex 
Benth. (l) Ipomoea burchellii Meisn. (m) Byrsonima 
crassifolia (L.) Kunth (n) Xylopia sericea A. St.-
Hil. (o) Magonia pubescens A.St.-Hil. Photos by L. 
Leonel (a, c, e, j, n), R. Saraiva (b, d, f, g, h, i, k, l, m, 
o).
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Figure 4. Cluster 
(UPGMA) of species 
by similarity 
(Jaccard index) 
among the four 
physiognomies 
areas in CMNP, 
Maranhão, Brazil. 
Graphics program 
used: R software.

Figure 5. Análise de 
Correspondência Distendida 
(DCA) (a) DCA based on the 
species recorded in the 
physiognomies of the CMNP 
(b) DCA based on the floristic 
relationships with CMNP and 
other Brazilian Cerrado areas. 
The acronyms for the sites 
are listed in Table I. Graphics 
program used: R software.
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vegetation with no association with well drained 
watercourses and the species are often resistant 
to the effect of fire (rupestrian cerrado, cerradão 
and typical cerrado) (Fig. 5a).

Phytogeographic distribution of CMNP flora
The species listed occur in all Brazilian biomes; 
236 (97.52%) species have been recorded in 
the Cerrado, 184 (76.03%) in the Amazon, 149 
(61.57%) in the Caatinga and 135 (55.79%) in 
the Atlantic Forest. Of the species recorded, 22 
occur exclusively in the Cerrado biome. There 
was greater floristic connection of all studied 
physiognomies with the Amazon flora (Fig. 6). 
The richness data showed a non significant 
mean difference for plant phytogeographic 

distribution (Two-way ANOVA: F3,12 = 1,833, p = 
0.195).

In addition to the Amazon Forest, species 
of the typical cerrado and gallery forest 
physiognomies had greater floristic connection 
with the Caatinga flora (Fig. 6). For the woody 
species in the inventory, the proximity to the 
Caatinga was 60.67%. The floristic connection 
with the Caatinga increases when considering 
only the herbaceous and sub-shrub species of 
the inventory (65.43%).

The DCA performed resulted in the 
formation of a main group formed by the 
Cerrado of Mato Grosso, Goiás, São Paulo, Minas 
Gerais and the Federal District. The Cerrado of 
Maranhão showed greater proximity to the main 
group. Bahia and Tocantins showed no pattern 

Figure 6. Occurrence of the species in the biomes according to the studied physiognomies in the CMNP, Maranhão, 
Brazil. Graphics program used: R software.
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of similarity with the main group or between 
them (Fig. 5b).

DISCUSSION

Fabaceae was the most representative family in 
the CMNP, with a total of 25 woody species. This 
number was higher compared with the woody 
community in the Cerrado of the Tocantins River 
Basin (12 species, Medeiros et al. 2014) and in a 
Cerrado and Amazon transition region in Mato 
Grosso state, (20 species, Maracahipes-Santos 
et al. 2015). Fabaceae is a common family in the 
Brazilian Cerrado when considering species of 
both woody and herbaceous strata (Assunção 
et al. 2011, Campos et al. 2017, Souza et al. 2018). 
Thus, species of Fabaceae are a dominant 
floristic element and contributing significantly 
to regional diversity (Simon et al. 2009). 

The total of 40 families of tree species 
registered for the CMNP approached the highest 
number registered for the Brazilian Cerrado, 
which was 52 families for the State of Tocantins 
(Françoso et al. 2016), which emphasizes the 
floristic importance of this Cerrado area. 
Regarding the genera most frequent in the CMNP, 
Chamaecrista has half of the native species 
described for the Cerrado, the probable radiation 
center of plant taxa (Rando et al. 2016, Souza et al. 
2018). In addition, autochoric and anemochoric 
plants tend to predominate in open and dry 
environments (Amaral et al. 2013, Lima & Melo 
2015), which may explain the representativeness 
of the genera Cyperus, Croton, Rhynchospora, 
Bulbostylis and Polygala in the Cerrado of the 
CMNP. The flora of the CMNP presented all 
the woody species considered most frequent 
in the Brazilian Cerrado, including Bowdichia 
virgilioides Kunth and Qualea grandiflora Mart., 
according to Françoso et al. (2016), who carried 

out the last synthesis of floristic knowledge of 
the Cerrado. 

The separation of the gallery forest 
physiognomy from the main group (cerradão 
+ typical cerrado) by UPGMA and DCA shows 
the influence of water availability and soil 
characteristics on floristic composition and 
vegetation structure, since these factors can act 
as environmental filters (Ribeiro & Walter 2008, 
Bao et al. 2018, Le Stradic et al. 2018). Texture 
and water retention in the soil are related to 
vegetation structural characteristics, such as 
the occurrence of species with morphoanatomic 
adaptations that confer tolerance to desiccation 
(Silveira et al. 2016). In parallel, the occurrence 
of exclusive species in gallery forests is related 
to the existence of pedoforms for which species 
may have preference (Van den Berg & Oliveira-
Filho 1999, Torres et al. 2017) and highlights 
its function as a corridor between biomes 
that may contain species not shared in other 
physiognomies (Méio et al. 2003). 

The variation in species richness in the 
CMNP is independent of the distance between 
physiognomies, which highlights the importance 
of environmental factors and evolutionary 
processes for the occurrence of species in 
the biome, whose lineages began to diversify 
less than 10 million years ago (Simon et al. 
2009, Moncrieff et al. 2016). The occurrence of 
exclusive and endemic species in the rupestrian 
cerrado and typical cerrado can be explained 
by the concept of old-growth grasslands, in 
which biogeographic history of this vegetation 
formation favored repeated speciation and 
spreading events, contributing to the existence 
of plant populations with limited distribution 
and adaptive characteristics related to these 
environments (Veldman et al. 2015, Silveira et 
al. 2016).

According to Castro & Martins (1999) climatic 
and altitudinal barriers are fundamental 
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parameters for the separation of the Brazilian 
Cerrado in the Southeast, Central Plateau and 
Northeastern super-centers of biodiversity. In 
addition, the terms central or core Cerrado areas 
are commonly used, considered the maximum 
physiognomic expressions of the biome, and 
marginal areas, peripheral areas of the Brazilian 
Cerrado in which there is a marked presence of 
floristic elements originating from circumjacent 
vegetation formations (Castro et al. 1999, Castro 
& Martins 1999). Ratter et al. (2003) analyzed the 
floristic composition of 376 Cerrado and savanna 
Amazonian areas in Brazil and recognized the 
existence of seven phytogeographic groups. 
The Cerrado areas of Maranhão were included 
in the Northern and Northeastern provinces. 
Species that characterize and are indicative of 
the phytogeographic groups of this province 
were found in the present CMNP survey, such as 
Hirtella ciliata Mart. & Zucc., Parkia platycephala 
Benth., and Platonia insignis Mart.. These 
species are indicative of marginal areas where 
the Cerrado borders with other biomes (Ribeiro 
& Walter 2008).

It is suggested that the central areas of the 
Cerrado should present a greater diversity of 
species than the marginal areas (Castro et al. 
1999, Ratter et al. 2003), a suggestion supported 
by mid-domain effects (Colwell et al. 2004). 
Nonetheless, there is disagreement as to this 
suggestion when considering widespread 
biomes (Hawkins et al. 2005). Recently, Rossatto 
(2014) used a meta-analysis approach and 
inferred that similar patterns were found for 
phylogenetic and traditional diversity indexes 
in core and marginal areas.  The findings for 
the CMNP highlight the floristic richness of 
the Cerrado marginal area and the need for 
inventories in ecotonal areas (Françoso et 
al. 2016). Therefore, the marginal areas of the 
Brazilian Cerrado, especially those bordering 

other biomes, may present high species diversity 
(Rossato 2014, Maracahipes-Santos et al. 2015).

Despite similar diversity patterns observed 
for Cerrado phytogeographic provinces, there 
are differences in the number of dominant 
family species (Rossatto 2014). Representative 
families of the Cerrado, such as Malvaceae and 
Myrtaceae (Souza et al. 2018), have more species 
in the Central-Western province (Ratter et al. 
2003, Rossatto 2014). Phytogeographic province 
richness is influenced by adjacent biome 
vegetation from ancestral strain diversification 
in response to selective pressures, especially 
the burn regime (Simon et al. 2009); and by 
the addition of species that have physiological 
capacity to occupy niches in Cerrado vegetation 
in the absence of fires (Hoffmann et al. 2004, 
Rossatto et al. 2013). In ecotonal Cerrado areas, 
the addition of Amazonian and Atlantic Forest 
species mainly occurs through connections 
between forest areas and forest physiognomies 
(Oliveira-Filho & Ratter 1995).

The floristic proximity between the Brazilian 
Cerrado areas present in the main group 
resulting from the DCA ordination emphasized 
the presence of species shared with the Amazon 
in the Cerrado areas in transition zones such as 
Mato Grosso and Maranhão. In parallel to this, 
the presence of the Federal District and Goiás in 
the main group revealed the influence of species 
from the North-Northeastern region on central 
areas of the Cerrado, which was also observed 
by Teixeira et al. (2017) in the area of the Parque 
Estadual Terra Ronca. The formation of the 
main group may be related to characteristics 
of climate, soil chemistry and physics, water 
and nutrient availability. The altitude was not 
a significant factor in restricting the occurrence 
of Amazonian species in the Cerrado (Méio et 
al. 2003), which may support the existence of 
species shared with the North-Northeastern 
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region in the Cerrado of the Federal District, 
which presents higher elevations. 

The Cerrado of the Southeast shares species 
mainly with the Atlantic Forest and is greatly 
influenced by the biome (Oliveira-Filho & Fontes 
2000). The areas of Cerrado in São Paulo and 
Minas Gerais states have very different climatic 
conditions from the areas of Cerrado that 
transition with the Amazon, confirmed by the 
distance of the main group and their proximity in 
the DCA graph. Other areas of Cerrado that were 
outside the main group were the Southwestern 
region of Bahia in the Espinhaço Range and the 
Cerrado in the Tocantins River Basin. This was 
expected since in the first area there is presence 
of rocky Caatinga with vegetation, climate and 
specific edaphic interactions (Campos et al. 2017) 
and in the second there are dry semideciduous 
forests with links with seasonal forests of the 
Caatinga biome (Medeiros et al. 2014).

The floristic influence of the Amazon 
Forest in the Cerrado biome can vary with the 
type of physiognomy and geographic location. 
According to the hypotheses of Silva & Oniki 
(1988), Oliveira-Filho & Ratter (1995) and Méio et 
al. (2003), it was expected to find greater floristic 
influence of the Amazon Forest toward the 
marginal portions of the Cerrado. This trend in 
species distribution patterns is mainly related 
to climate, as decreasing latitude increases 
minimum winter temperature, favoring the 
establishment of Amazonian species (Dick 
et al. 2013). On the other hand, the results in 
CMNP differ from the phytogeographic patterns 
that indicated the existence of greater floristic 
affinity of the Cerrado with the Atlantic forest 
(Rizzini 1963, Heringer et al. 1977, Méio et al. 2003). 
Nonetheless, Françoso et al. (2016), emphasized 
the need for more research, especially in 
ecotonal regions, to know whether the pattern 
is found in different regions of the Brazilian 
Cerrado.

Despite the prevalence of species shared with 
the Amazon, the CMNP is considered a transition 
area with the Caatinga biome ( IBAMA 2013), which 
also presented greater floristic influence than 
the Atlantic Forest. The influence of the Caatinga 
vegetation on Cerrado physiognomies can be 
seen in this inventory by the presence of new 
records of the species Discocactus catingicola 
Buining & Brederoo and Mimosa modesta var. 
ursinoides (Harms) Barneby. Teixeira et al. (2017) 
suggested that herbaceous flora may reveal 
distinct phytogeographic patterns in view of the 
difference in the affinities of the herbaceous 
and woody strata with the Atlantic Forest and 
Caatinga biomes, which was also verified in this 
research.

The research at the CMNP revealed the 
floristic richness of the marginal Cerrado 
area and can contribute to filling the gap on 
ecotonal areas, through the dissemination of 
new occurrences to the State, to the biome and 
results on Cerrado environmental heterogeneity. 
The CMNP is located in one of the most preserved 
regions of the Cerrado in the North-Northeast 
portion, but there are few Conservation Units 
in this region and they are in great risk of 
environmental degradation due to the advance 
of the agricultural frontier (Fernandes et al. 
2016). We recommend identifying the areas 
most threatened by deforestation and those 
that need environmental restoration to ensure 
the conservation of one of the last continuous 
Cerrado areas in Brazil.
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