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The Parque Estadual Mata Atlântica (PEMA), Goiás state, Brazil, is an Atlantic Forest reserve which has not been studied yet. The
aims were to investigate plant biodiversity and characterize the flora to support the management plan.We adopt the point-centered
quarter method to inventory the tree-shrub and lianas with the diameter at breast height more than or equal to 5 cm.The study was
performed through 1.86 km of transect with 187 sampled points. We sampled 748 individuals and identified 109 species, 82 genera,
and 51 families. The Shannon-Wiener diversity index (𝐻) was 3.97, and Pielou’s evenness (𝐽) was 0.846, both considered high.The
Fabaceae family was the most diverse with 20 species. Aspidosperma polyneuron, an endangered tree species, had greater relative
dominance and importance value.The floristic similarity analysis indicated that the PEMAvegetation belongs to the seasonal forest,
currently very fragmented and degraded. Due to several anthropogenic threats, we suggest the following recommendations: prevent
the exploitation of species, avoid hunting, control invasive grasses, prevent forest fires, and promote environmental education.This
study demonstrates the importance of PEMA for species conservation. Therefore, this study is essential for the development of
management plan and the conservation of PEMA biodiversity.

1. Introduction

The Atlantic Forest Domain (AFD) is the second largest
American rainforest [1], recognized as a global biodiversity
hotspot [2]. This forest originally covered ca. 148 million
hectares; approximately 92% is distributed in 17 Brazilian
states, and the remainder belongs to Argentina and Paraguay
[3, 4].

The classification of Brazilian vegetation recognizes two
groups in the Atlantic Forest Domain: rainforests and sea-
sonal forests [5]. The rainforests occur near the coast. The
Seasonal Dry Neotropical Forests (SDNF) are inland in the
country as enclaves in the Cerrado and Caatinga biomes
[5, 6]. These forests occur in disjunct patches scattered
throughout the Neotropic, and the major biomes where
SDNF is in contact are the savanna woodland (e.g., the

Cerrado), lowland tropical rainforest, and montane forest
[7]. An estimate indicates that the extent of SDNF makes up
about 15% of the Cerrado area (ca. 300,000 km2) in small
areas or up to tens of thousands of square kilometers, for
example, “Mato Grosso Goiano” in central region of Goiás
state and “Triângulo Mineiro” in Minas Gerais state [8].
Other disjunctions of SDNF in the valleys of São Francisco
and Paraná rivers in Goiás and Tocantins states are not
measured [9].

Despite the importance of the Atlantic Forest, it is very
fragmented and degraded, and therefore the remnants are
important for conservation [10]. Thus, the conservation of
AFD becomes a challenge due to various factors (fires,
deforestations, and fragmentation), especially because of the
high level of human disturbance [11]. It is necessary to
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conduct floristic studies and to create new reserves, especially
in higher diversity areas [12–15].

The aims of the present study were to inventory the flora
of tree-shrubs and lianas of Parque Estadual Mata Atlântica
(PEMA), located in the Água Limpamunicipality, Goiás state,
Brazil, to improve the knowledge of local flora, and to support
the management plan of PEMA.

2. Materials and Methods

2.1. Characterization of the Study Area. PEMA was estab-
lished by Decree 6.442 of April of 2006. The PEMA is man-
aged by “Secretaria do Meio Ambiente, Recursos Hı́dricos,
Infraestrutura, Cidades, e Assuntos Metropolitanos (SEC-
IMA)” of Goiás State, Brazil. It covers about 940 hectares and
is located in themunicipality of Água Limpa, southern region
of Goiás state (18∘2103 S; 48∘7685W) (Figure 1).

The average elevation of PEMA is 611m, bordered by
Brisas Reservoir that belongs to the Itumbiara hydroelec-
tric dam, Goiás, Brazil (Figure 1). The soils are Dys-
trophic Litholic Neosols-Eutrophic Haplic Cambisols to red
Eutrophic Argisols [16]. The climate is characterized by two
distinct seasons, a hot and rainy season from November to
March and a dry season from April to October [17]. The
climate is classified as Aw (Köppen) (tropical with summer
rains).The average annual temperature is 23.5∘C, and average
annual rainfall is 1.314mm for Água Limpa city, Goiás [17].

2.2. Vegetation Inventory and Data Analysis. We used the
point-centered quarter method (PCQM) for phytosociolog-
ical survey. The distance between sampling points was 10m,
totaling 187 sampling points in 1.86 km of nine transects. We
registered the distance from the point, height, and diameter
from all trees, shrubs, and lianas, live or dead, whose diameter
at breast height (DBH) was equal to or larger than 5 cm.
We analyzed the following phytosociological parameters:
Shannon-Wiener diversity index (𝐻), Pielou’s evenness (𝐽)
[18], relative density (RD), relative dominance (RDo), relative
frequency (RF), and importance value (IV) [19].

The species accumulation curve was constructed to eval-
uate sampling sufficiency. The estimation of species richness
was performed using the Jackknife 1 estimator [20] in the
EstimateS program version 9.1 [21]. These results were used
for construction of observed (MaoTao) and estimated species
accumulation curves.

The presence/absence matrix for all species founded in
PEMA was compared with other domains: Atlantic Forest
Domain (AFD), including Seasonal Dry Neotropical Forests
(SDNF), Cerrado, and Amazonian Rainforest (ARF). The
categorization of the main phytophysiognomy in which the
species occurs was based on the literature records [8, 22–
24]. This data matrix was used to perform a cluster analysis
using the Jaccard Similarity Index as a measure of similarity
between PEMA and the other biomes by Unweighted Pair
Group Method with Arithmetic Mean (UPGMA). Statistical
analyses were done in R program (R Core Team, 2017)
(https://www.R-project.org/), using the “vegan” package
(Oksanen et al., 2017) (https://CRAN.R-project.org/package=
vegan) (last access in 04/09/2017).

The individuals were identified in situ or by botanical
samples in laboratory analysis. The fertile botanical material
will be deposited in the Universidade Estadual de Goiás
(UEG) herbarium. Species nomenclature was standardized
according to the Plant List (http://www.theplantlist.org/), the
International Plant Name Index (http://www.ipni.org), and
Jardim Botânico do Rio de Janeiro (http://floradobrasil.jbrj
.gov.br/reflora/floradobrasil/FB90947).TheAPG IVwas used
for the botanic classification of species, genera, and families
[25].

3. Results

Thestudywas performed through 1.86 kmof transectwith 187
sampled points. We sampled 748 individuals and identified
109 species, 82 genera, and 51 families. The Shannon-Wiener
diversity index (𝐻) was 3.97, and Pielou’s evenness (𝐽) was
0.846. The estimated richness was higher than the observed
richness (Figure 2).

The most representative families in species number were
Fabaceae (20), Malvaceae (7), Myrtaceae (6), Apocynaceae
(5), Bignoniaceae, Euphorbiaceae, Rubiaceae, and Sapin-
daceae, with four species each. Chrysobalanaceae, Meliaceae,
Moraceae, Rutaceae, and Salicaceaewere represented by three
species each, totaling 63% of all identified species (Figure 3).

The species with the highest relative density (RD)
were Casearia gossypiosperma (7.63%), Myrcia splendens
(5.62%), Metrodorea stipularis (4.42%), Myracrodruon urun-
deuva (3.75%), Syagrus oleracea (3.75%), Anadenanthera
colubrine/Myrcia rostrata (3.61%),Trichilia claussenii (2.75%),
Apuleia leiocarpa (2.68%), and Casearia rupestris (2.41%).
These species contributed with approximately 40.43% of the
living individuals (Table 1). Another 39 species contributed
with only a single individual. The four species with highest
relative density (RD) are the same with regard to relative
frequency (RF): C. gossypiosperma (6.12%), M. splendens
(5.65%), M. stipularis, and S. oleracea (3.93%). The species
with highest values of the relative dominance (RDo) were
Aspidosperma polyneuron (15.04%), followed by A. colub-
rina (10.56%), Hymenaea courbaril (7.99%), Ceiba speciosa
(6.68%), Enterolobium contortisiliquum (5.36%), Cariniana
estrellensis (5.06%), Attalea phalerata (4.24%), Apuleia leio-
carpa (3.28%), Aspidosperma discolor (3.27%), and M. urun-
deuva (2.38%). The sum of top 10 species in terms of IV
corresponded to 43.21% from the total. Dead individuals
presented the highest IV and the second largest relative
density (RD = 7.23).

Six endangered plants were identified in the PEMA∗
(A. leiocarpa, garapa; Astronium fraxinifolium, gonçalo alves;
A. polyneuron, peroba rosa; Bowdichia virgilioides Kunth,
sucupira preta; Cedrela fissilis, cedro; and M. urundeuva,
aroeira) (Table 1).

Cluster analysis of floristic similarities showed that about
80% of the PEMA species were shared with the SDNF. The
PEMA species compared to other biomes showed two well-
defined groups (PEMA-Dry Neotropical Seasonal Forest and
AFD), indicating >75% of species similarity from PEMA
with AFD (Figure 4). Additionally, 68% of the PEMA species
also occur in Cerrado (Figure 4). The group including only
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Figure 1: Parque Estadual Mata Atlântica (PEMA) in Água Limpa municipality, Goiás state, Brazil. Satellite image: Google Earth, 2016.

the Amazon Rainforest suggests that only about 27% of the
PEMA species also occur in the Amazon (Figure 4).

4. Discussion

Previous phytosociological studies in the Seasonal Dry
Neotropical Forests indicated index rarely exceeding 3.5 [26].
However, the Shannon-Wiener diversity index obtained in
this study (𝐻 = 3.97), as well the evenness (𝐽 = 0.846),
was higher. These values are equivalent to other studies in
well-preserved semideciduous seasonal forest remnants [26].
For example, Pereira et al. [27] obtained a diversity index
of 𝐻 = 3.58 in a seasonal forest located in the same river
basin of the PEMA. Thus, PEMA has a great biodiversity
in the shrub-tree strata [28]. Moreover, the diversity estima-
tor proposed by Heltshe and Forrester [20] indicated that
the estimated richness was higher than observed richness
(Figure 2). Besides, the sample sufficiency measured by the
species accumulation curve indicates that it has not reached
an asymptote (see Figure 2). Schilling and Ferreira [29]
reported that community boundaries in tropical forests are
difficult to define, especially due to high species richness, so
the curve does not stabilize even with large samples.

The Fabaceae family presented the greater diversity, since
it is a characteristic family from seasonal forests, which is
well represented in most studies in Atlantic Forest Domain
[29, 30]. In PEMA, the common pattern for forests was
observed, where few species are abundant and many species
are rare [30]. For example, the 10 species with the highest
relative density contributed approximately 40.43% of the
living individuals. Another 39 species contributed to only one
individual. However, many of these species can be considered
numerically rare only for a given area at a given time but
not necessarily from a biological viewpoint [31]. For example,
the dominant speciesAspidosperma polyneuron is common in
semideciduous seasonal forests (SSF) [32, 33] but is listed as
endangered species because of its high economic value and
declining population [34, 35].

A total of 54 dead individuals represented about 7% of the
sampled plants and the highest IV (18.87) and RF (7.85) and
second largest RD. All these values are considered relatively
high when compared to those found in riparian forest (IV
= 9.92; RD = 3.88) [27]. The high rate of dead individuals
resulted from disturbances like fires, since their thin bark
does not tolerate high temperatures; therefore, tree mortality
influences the forest dynamics [36].
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Figure 2: Accumulation curves of observed and estimated species
from Parque Estadual Mata Atlântica (PEMA). Dots and triangles
indicate the species richness; bars indicate confidence intervals (𝑝 <
0.05).
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Figure 3:Themost representative families in species number of the
Parque Estadual Mata Atlântica (PEMA), Goiás, Brazil.

For the lianas, the relative density (RD = 4.15%) and
importance value (IV 8.95) were relatively low, totaling only
31 individuals. However, the lianas can be represented by
high percentages (15–25%) of the individuals in tropical
forests [37]. In the Amazon, the lianas percentages may
reach up to 44% of the forest species, caused mainly by

changes in environmental gradients [38]. Thus, like the dead
individuals, the lianas influence the dynamics, structure, and
the diversity of tropical forests [39].The increase in density of
lianas, mainly due to forest disturbances, becomes an impact
indicator [38, 40]. Although the high densities of lianas
can be considered a negative factor to forest [41, 42], lianas
are important component of forest ecosystems, originally
recognized by Darwin.

The results of cluster analysis showed that about 80%
of the PEMA species were common to the SDNF, and a
similarity >75% of the PEMA species also occurred in AFD
(Figure 4). PEMA is a transitional area between Cerrado
and AFD. Thus, PEMA is clearly SDNF belonging to the
inlandAtlantic Forest Domain [26].This forest is conditioned
to dual climate seasonality: a season with intense summer
rains, followed by a dry period [26, 43]. A total of 68% of
the PEMA species also occurred in Cerrado. The similarity
of SDNF to Cerrado was already reported by Françoso et
al. [30] who found that the Atlantic Forest Domain has the
greatest number of flora shared with the Cerrado, and it is the
most important neighboring biome, influencing the Cerrado
floristic composition.

The Atlantic Forest Domain is one of the most threatened
tropical biomes, with much of the forest in small and isolated
remnants (less than 50 ha) [44]. In general, the AFD is
extremely fragmented, with only 11.7% from its original cover
[4], mainly the Seasonal Dry Neotropical Forests [12]. This
forest destruction is caused mainly by agricultural expansion
[45], occurring in Brazilian central region and ecotones areas
of Cerrado and Atlantic Forest Domain [28], resulting in bio-
diversity loss [11]. This study emphasizes the importance of
floristic inventories and biodiversity assessments, necessary
to understanding the current richness and conservation of
forest biodiversity [43]. Therefore, the biological knowledge
is important for guidance of conservation polices [30], and
a holistic approach is necessary to solve the conservation
problems [46]. Thus, PEMA is extremely important for
biological conservation due to attributes such as high bio-
diversity. For example, in the fauna group, PEMA houses
at least 23 species of medium and large mammals, seven
of which are listed as endangered in Brazil [47]. For the
plant group, this reserve has at least six endangered species
[48]. Therefore, this protected area shelters 13 endangered
species of plants and animals, showing their importance for
biodiversity maintenance.

5. Conclusions

PEMA is an important reserve for the conservation of the
biodiversity of Seasonal Dry Neotropical Forests, currently
threatened by human activities. The reserve contains at least
13 threatened species of plants and animals. In addition,
it has a high biodiversity and, because this forest is well
conserved, is a priority in conservation and management
actions. Thus, this study provides data for the development
of a management plan and the conservation of PEMA
biodiversity.
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Table 1: Phytosociological features of Parque Estadual Mata Atlântica (PEMA), Goiás.

Species Biome Family IN RD% RDo% RF% IV
Dead individuals — — 54 7, 23 3.64 7.85 18.72
∗𝐴𝑠𝑝𝑖𝑑𝑜𝑠𝑝𝑒𝑟𝑚𝑎 polyneuronMüll.Arg. 1, 2 Apocynaceae 10 1.34 15.04 1.41 17.79
Anadenanthera colubrina (Vell.) Brenan 1, 2, 3 Fabaceae 27 3.62 10.56 3.14 17.31
Casearia gossypiosperma Briq. 1, 2, 3 Salicaceae 57 7.63 2.35 6.12 16.10
Myrcia splendens (Sw.) DC. 1, 2 Myrtaceae 42 5.62 1.03 5.65 12.31
Metrodorea stipularisMart. 1, 2, 3 Rutaceae 33 4.42 1.96 3.93 10.31
Hymenaea courbaril L. 1, 2, 3 Fabaceae 7 0.94 7.99 0.94 9.87
Cariniana estrellensis (Raddi) Kuntze 1, 2, 3, 4 Lecythidaceae 16 2.14 5.06 2.51 9.72
Ceiba speciosa (A. St.-Hil.) Ravenna 1, 2, 3 Malvaceae 8 1.07 6.68 1.26 9.00
Cipós or lianas — — 31 4.15 0.41 4.40 8.95
∗𝐴𝑝𝑢𝑙𝑒𝑖𝑎 leiocarpa (Vogel) J.F.Macbr. 1, 2, 3 Fabaceae 20 2.68 3.28 2.98 8.94
∗𝑀𝑦𝑟𝑎𝑐𝑟𝑜𝑑𝑟𝑢𝑜𝑛 urundeuva Allemão 1, 2, 3 Anacardiaceae 28 3.75 2.38 2.67 8.80
Syagrus oleracea (Mart.) Becc. 2 Arecaceae 28 3.75 0.88 3.93 8.55
Myrcia rostrata DC. — Myrtaceae 27 3.62 1.14 3.14 7,90
Attalea phalerataMart. ex Spreng. 1, 2, 3, 4 Arecaceae 10 1.34 4.24 1.41 6.99
Enterolobium contortisiliquum (Vell.) 1, 2, 3 Fabaceae 5 0.67 5.36 0.79 6.82
Trichilia claussenii C. DC. 1, 2, 3 Meliaceae 22 2.95 0.84 2.67 6.46
Terminalia argenteaMart. 2, 3, 4 Combretaceae 9 1.21 3.20 1.41 5.82
Aspidosperma discolor A. DC. 1, 2, 3, 4 Apocynaceae 7 0.94 3.27 1.10 5.30
Croton floribundus Spreng. 1, 2 Euphorbiaceae 14 1.87 1.40 1.88 5.16
Casearia rupestris Eichler 1, 2, 3 Salicaceae 18 2.41 0.36 2.20 4.97
Trichilia catigua A. Juss. 1, 2, 3, 4 Meliaceae 17 2.28 0.42 2.04 4.74
Piptadenia gonoacantha (Mart.) 1, 2, 3 Fabaceae 13 1.74 0.97 1.88 4.60
Jacaratia spinosa (Aubl.) A.DC. 1, 2, 3 Caricaceae 8 1.07 1.54 1.26 3.87
Aspidosperma subincannumMart. 2, 3 Apocynaceae 13 1.74 0.33 1.57 3.64
Aspidosperma eburneum Allemão ex Sal. 1, 4 Apocynaceae 6 0.80 1.57 0.94 3.31
Celtis iguanaea (Jacq.) Sarg. 1, 2, 3 Cannabaceae 10 1.34 0.35 1.26 2.94
Dilodendron bipinnatum Radlk. 2, 3 Sapindaceae 8 1.07 0.57 1.26 2.90
Tabebuia roseoalba (Ridl.) Sandwith 1, 2 Bignoniaceae 10 1.34 0.33 1.10 2.77
Unidentified species 5 — — 8 1.07 0.65 0.63 2.35
Licania alba (Bernoulli) Cuatrec. — Chrysobalanaceae 8 1.07 0.28 0.94 2.29
Apeiba tibourbou Aubl. 2, 3, 4 Malvaceae 6 0.80 0.53 0.94 2.28
Cordiera sessilis (Vell.) Kuntze 2, 3 Rubiaceae 6 0.80 0.21 0.94 1.95
Copaifera langsdorffii Desf. 1, 2, 3 Fabaceae 4 0.54 0.68 0.63 1.84
Guazuma ulmifolia Lam. 1, 2, 3, 4 Sapotaceae 5 0.67 0.38 0.79 1.84
∗𝐶𝑒𝑑𝑟𝑒𝑙𝑎 fissilis Vell. 1, 2, 3 Meliaceae 5 0.67 0.38 0.79 1.83
Schefflera morototoni (Aubl.) Maguire 1, 2, 3, 4 Araliaceae 4 0.54 0.62 0.63 1.78
Protium heptaphyllum (Aubl.) Marchand 1, 2, 3, 4 Burseraceae 4 0.54 0.60 0.63 1.77
Rhamnidium elaeocarpum Reissek 1, 2, 3 Rhamnaceae 5 0.67 0.24 0.79 1.69
Bauhinia forficata Link 1, 2, 3 Fabaceae 5 0.67 0.14 0.79 1.59
Inga edulisMart. 1, 2 Fabaceae 5 0.67 0.29 0.63 1.59
Qualea parvifloraMart. 3 Vochysiaceae 4 0.54 0.39 0.63 1.55
Alibertia edulis (Rich.) A. Rich. ex DC. 1, 2, 3, 4 Rubiaceae 5 0.67 0.08 0.79 1.53
Pouteria torta (Mart.) Radlk. 3, 4 Sapindaceae 4 0.54 0.24 0.63 1.40
Unonopsis guatterioides (A. DC.) R.E. Fr. 1, 2, 3, 4 Annonaceae 4 0.54 0.20 0.63 1.36
Cardiopetalum calophyllum Schltdl. 1, 2, 3, 4 Annonaceae 4 0.54 0.19 0.63 1.35
Erythrina verna Vell. 1 Fabaceae 4 0.54 0.13 0.63 1.30
Eugenia leitonii D. Legrand 1 Myrtaceae 2 0.27 0.71 0.31 1.30
Ouratea castaneifolia (DC.) Engl. 1, 2, 3 Ochnaceae 4 0.54 0.10 0.63 1.26
∗𝐴𝑠𝑡𝑟𝑜𝑛𝑖𝑢𝑚 fraxinifolium Schott 2, 3 Anacardiaceae 4 0.54 0.06 0.63 1.22
Matayba guianensis Aubl. 1, 2, 3, 4 Sapindaceae 3 0.40 0.48 0.31 1.20
Inga veraWilld. 1, 2, 3 Fabaceae 4 0.54 0.11 0.47 1.12
Cecropia pachystachya Trécul 1, 2, 3, 4 Urticaceae 3 0.40 0.19 0.47 1.06
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Table 1: Continued.

Species Biome Family IN RD% RDo% RF% IV
Trema micrantha (L.) Blume 1, 2, 3 Cannabaceae 4 0.54 0.05 0.47 1.06
Diospyros inconstans Jacq. 1, 2, 3, 4 Ebenaceae 3 0.40 0.16 0.47 1.03
Handroanthus impetiginosus (Mart. ex DC.) 1, 2, 3 Bignoniaceae 2 0.27 0.43 0.31 1.02
Myrocarpus peruiferum L.F. 1, 2, 4 — 3 0.40 0.08 0.47 0.95
Luehea divaricataMart. & Zucc. 1, 2, 3 Malvaceae 1 0.13 0.63 0.16 0.92
Albizia polycephala (Benth.) Killip 1, 2 Fabaceae 2 0.27 0.25 0.31 0.83
Sterculia striata A. St.-Hil. & Naudin 2, 3, 4 Malvaceae 2 0.27 0.23 0.31 0.81
Cupania vernalis Cambess. 1, 2, 3 Sapindaceae 3 0.40 0.09 0.31 0.81
Drimys brasiliensisMiers 1, 2, 4 Winteraceae 3 0.40 0.06 0.31 0.77
Sapium glandulosum (L.) Morong 1, 2, 3 Euphorbiaceae 2 0.27 0.19 0.31 0.77
Styrax camporum Pohl. 1, 2 Sterculiaceae 2 0.27 0.16 0.31 0.75
Matayba guianensis Aubl. 1, 4 Sapindaceae 2 0.27 0.14 0.31 0.72
Piper aduncum L. 1, 2, 3, 4 Piperaceae 2 0.27 0.09 0.31 0.67
Albizia niopoides (Spruce ex Benth.) 1, 2, 3 Fabaceae 2 0.27 0.08 0.31 0.67
Zanthoxylum rhoifolium Lam. 1, 2, 3 Rutaceae 2 0.27 0.06 0.31 0.65
Ficus citrifoliaMill. 1, 2, 3 Moraceae 2 0.27 0.06 0.31 0.64
Psidium cattleianum Afzel. ex Sabine 1, 2 Myrtaceae 3 0.40 0.03 0.16 0.59
Styrax pohlii A. DC. 3 Styracaceae 1 0.13 0.30 0.16 0.59
Unidentified species 3 — — 1 0.13 0.26 0.16 0.55
Luehea grandifloraMart. 2, 3, 4 Malvaceae 1 0.13 0.20 0.16 0.49
Sloanea guianensis (Aubl.) Benth. 1, 2 Elaeocarpaceae 1 0.13 0.19 0.16 0.48
Maclura tinctoria (L.) D.Don ex Steud. 1, 2, 3, 4 Moraceae 1 0.13 0.18 0.16 0.47
Hymenolobium petraeum Ducke — Fabaceae 1 0.13 0.17 0.16 0.46
Zanthoxylum riedelianum Engl. 1, 2, 3 Rutaceae 2 0.27 0.02 0.16 0.44
Nectandra lanceolata Nees & Mart. 1, 2, 3 Lauraceae 1 0.13 0.11 0.16 0.40
Andira anthelmia (Vell.) J.F.Macbr. 1 Fabaceae 1 0.13 0.10 0.16 0.39
Hirtella glandulosa Spreng. 1, 2, 3, 4 Chrysobalanaceae 1 0.13 0.08 0.16 0.37
Sorocea bonplandii (Baill.) W.C.Burger 1, 2, 3 Moraceae 1 0.13 0.06 0.16 0.35
Platypodium elegans Vogel 2, 3 Fabaceae 1 0.13 0.06 0.16 0.35
Inga cylindrica (Vell.) Mart. 1 Fabaceae 1 0.13 0.06 0.16 0.35
Aralia warmingiana (Marchal) J. Wen 1, 2, 3, 4 Araliaceae 1 0.13 0.05 0.16 0.34
Cnidoscolus urens (L.) Arthur 1, 2 Euphorbiaceae 1 0.13 0.05 0.16 0.34
Agonandra brasiliensisMiers ex Benth. 1, 2 Opiliaceae 1 0.13 0.04 0.16 0.33
Handroanthus ochraceus (Cham.) Mattos 3 Bignoniaceae 1 0.13 0.03 0.16 0.33
Roupala montana (Huber) K.S. Edwards 3 Proteaceae 1 0.13 0.03 0.16 0.33
Aloysia virgata (Ruiz & Pav.) Juss. 1, 2 Verbenaceae 1 0.13 0.03 0.16 0.32
Croton urucurana Baill. 1, 2 Euphorbiaceae 1 0.13 0.02 0.16 0.32
Unidentified species 1 — — 1 0.13 0.02 0.16 0.31
Himatanthus sucuuba (Spruce ex Müll.) 4 Apocynaceae 1 0.13 0.01 0.16 0.30
Handroanthus vellosoi (Toledo) Mattos 1, 2, 3 Bignoniaceae 1 0.13 0.01 0.16 0.30
Hirtella glabrata Pilg. 2 Chrysobalanaceae 1 0.13 0.01 0.16 0.30
Terminalia glabrescensMart. 1, 2, 3 Combretaceae 1 0.13 0.01 0.16 0.30
Inga sessilis (Vell.) Mart. 2, 3 Fabaceae 1 0.13 0.01 0.16 0.30
Cordiera macrophylla (K.Schum.) Kuntze 2, 3 Rubiaceae 1 0.13 0.01 0.16 0.30
Unidentified species 2 — — 1 0.13 0.01 0.16 0.30
Aspidosperma sp. — Apocynaceae 1 0.13 0.01 0.16 0.30
Erythrina falcata Benth. 1, 2 Fabaceae 1 0.13 0.01 0.16 0.30
Luehea paniculataMart. 1, 2, 3 Malvaceae 1 0.13 0.01 0.16 0.30
Piper tuberculatum Jacq. 2, 3, 4 Piperaceae 1 0.13 0.01 0.16 0.30
Tocoyena formosa (Cham. & Schltdl.) 2, 3 Rubiaceae 1 0.13 0.01 0.16 0.30
Unidentified species 4 — — 1 0.13 0.01 0.16 0.30
Croton floribundus Spreng. 1, 2 Euphorbiaceae 1 0.13 0.01 0.16 0.30
Pseudobombax tomentosum (Mart. & Zucc.) 2, 3 Malvaceae 1 0.13 0.01 0.16 0.30
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Table 1: Continued.

Species Biome Family IN RD% RDo% RF% IV
Myrcia undulata O.Berg 1 Myrtaceae 1 0.13 0.01 0.16 0.30
Casearia decandra Jacq. 1, 2 Salicaceae 1 0.13 0.01 0.16 0.30
Pterodon emarginatus Vogel 1 Fabaceae 1 0.13 0.01 0.16 0.30
Dipteryx alata Vogel 1 Fabaceae 1 0.13 0.01 0.16 0.13
∗𝐵𝑜w𝑑𝑖𝑐ℎ𝑖𝑎 virgilioides Kunt 1 Fabaceae 1 0.13 0.01 0.16 0.13
1: Atlantic Forest (AF); 2: Seasonal Dry Neotropical Forest (SDNF); 3: Cerrado; 4: Amazonian Rainforest. NI: number of individuals; RD: relative density
(%); RDo: relative dominance (%); RF: relative frequency (%); IV: importance value. ∗Endangered species in the PEMA. The categorization of the main
phytophysiognomy in which the species occurs followed Oliveira-Filho and Fontes (2000), Ratter et al. (2003), Oliveira-Filho et al. (2005), and Lorenzi (2014,
2016ab).

Cluster analysis, UPGMA 

Jaccard Index

AR

Cerrado

AFD

PEMA

SDNF

0 0.2 0.4 0.6 0.8 1

(cophenetic correlation coefficient = 0.98)

Figure 4: Cluster analysis for correlation of PEMA vegetation and Atlantic Forest Domain (AFD), Amazonian Rainforest (AR), Cerrado,
and Seasonal Dry Neotropical Forest (SDNF).
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“Floŕıstica e estrutura da vegetação arbórea de um fragmento
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de uma floresta de vertente na Amazônia Central, Amazonas,
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large-sizedmammals inMata Atlântica State Park, southeastern
Goiás, Brazil,” Check List, vol. 11, no. 6, article no. 1801, 2015.

[48] G. Martinelli and M. A. Morais, Livro Vermelho da Flora do
Brasil, Instituto de Pesquisas do Jardim Botânico do Rio de
Janeiro, 2013.



Hindawi
www.hindawi.com

Applied &
Environmental
Soil Science

Volume 2018

Hindawi
www.hindawi.com Volume 2018

Journal of

Chemistry Archaea
Hindawi
www.hindawi.com Volume 2018

Forestry Research
International Journal of

Hindawi
www.hindawi.com Volume 2018

Environmental and 
Public Health

Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Meteorology
Advances in

Ecology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Marine Biology
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Chemistry
Advances in

Agronomy

Hindawi
www.hindawi.com Volume 2018

International Journal of

Hindawi
www.hindawi.com Volume 2018

Advances in

Virolog y

Hindawi
www.hindawi.com Volume 2018

 International Journal of

Geophysics

Hindawi
www.hindawi.com Volume 2018

Geological Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Public Health  
Advances in

Biodiversity
International Journal of

Hindawi
www.hindawi.com Volume 2018

Scienti�ca
Hindawi
www.hindawi.com Volume 2018

Botany
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Agriculture
Advances in

Hindawi
www.hindawi.com Volume 2018

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/aess/
https://www.hindawi.com/journals/jchem/
https://www.hindawi.com/journals/archaea/
https://www.hindawi.com/journals/ijfr/
https://www.hindawi.com/journals/jeph/
https://www.hindawi.com/journals/amete/
https://www.hindawi.com/journals/ijecol/
https://www.hindawi.com/journals/jmb/
https://www.hindawi.com/journals/ac/
https://www.hindawi.com/journals/ija/
https://www.hindawi.com/journals/av/
https://www.hindawi.com/journals/ijge/
https://www.hindawi.com/journals/jgr/
https://www.hindawi.com/journals/aph/
https://www.hindawi.com/journals/ijbd/
https://www.hindawi.com/journals/scientifica/
https://www.hindawi.com/journals/jb/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/aag/
https://www.hindawi.com/
https://www.hindawi.com/

