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Abstract

The aim of this study was to evaluate the floristic and structural differences between two fragments of Seasonal
Deciduous Forest in the Sdo Francisco river, Minas Gerais. A total of 25 plots of 20x20 m in each fragment were
allocated and all living individuals with Circumference at Breast Height (CAP) > 15.7 cm were considered. The
Shannon-Wienner indices and the Pielou equitability were equal among sampled areas. The Jaccard and Bray-Curtis
similarities were 20.7% and 41%, respectively, indicating a high B diversity. Non-metric Multidimensional Scaling
(NMDS) resulted in two floristic groups, distinguishing the flora of Presidente Juscelino and Paracatu. These results
showed that the areas are floristically different but resemble each other in terms of diversity and structure.

Keywords: non-metric multidimensional scaling, phytosociology, Sdo Francisco river.

1. INTRODUCTION AND OBJECTIVES

Seasonal Deciduous Forest (FEDs) are naturally fragmented
throughout the neotropical region (Pennington et al., 2009).
These fragments are considered remnants of a more extensive area
that formed in the Pleistocene and that connected the Caatinga
to the Argentine Chaco. It is believed that its distribution is
related to the process of retraction of continuous areas that had
their maximum expansion during the last Pleistocene glaciation
when the climate was dry and cold (Prado & Gibs, 1993).

This vegetation usually occurs in soils of limestone origin,
with a high presence of calcium and magnesium (Carvalho &
Felfili, 2011; Silva & Scariot, 2003) and frequently associated with
outcrops of limestone (Ribeiro & Walter, 2008). Consequently,
these forests are subject to intense mineral exploration for farming
and civil construction, besides being deforested by the selective
cutting of their trees that present fine woods (Felfili, 2003).

Its floristic composition resembles that of adjacent vegetative
formations and is closely related to climate, soil and terrain
conditions (Pereira et al., 2011). It is a deciduous vegetation
that can lose 50% to 90% of its leaves in the dry season
(Nascimento et al., 2007; Ribeiro & Walter, 2008) and is therefore
known as “dry forest”. In Brazil, the FEDs can be found in the
central region of the country, in northern and northeastern

Minas Gerais (Rizzini, 1997) and within the Cerrado, Atlantic
Forest and Caatinga domains (Espirito-Santo et al., 2008).

Given the importance and environmental vulnerability
of this physiognomy, phytosociological studies are
fundamental, widely used for the qualitative and quantitative
diagnosis of vegetation formations. Additionally, they
serve as a subsidy for the planning of environmental
management actions and recovery of degraded areas
(Chaves et al., 2013). Therefore, this work aims to detect
floristic and structural patterns in the tree community of
two fragments of Seasonal Deciduous Forest located in the
Sdo Francisco River Basin (BHRS), as well as to compare
such patterns between these areas.

2. MATERIALS AND METHODS
2.1. Study area

The study was carried out in two fragments of Seasonal
Deciduous Forest located in the municipalities of Paracatu
(17°3°16.6” Sand 46° 49’ 23.5” W) and Presidente Juscelino
(18°38’40” Sand 44° 04’ 57” W) in the state of Minas Gerais.
Both are Legal Reserve areas of private properties located in
the Sdo Francisco River Basin.
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The fragment located in the municipality of Paracatu has
an approximate area of 100 ha, with altitudes varying from
600 to 700 m. The climate of the region is Képpen type Aw,
savannah climate, with a well-defined dry season, having
temperature above 18° C in all months of the year and at
least one month with total average rainfall below 60 mm
(Alvares etal., 2013). The average annual rainfall is 1,305 mm
(Climate-Data, 2018).

The fragment in Presidente Juscelino has altitudes
between 600 and 890 m and approximately 150 ha area-wise.
The region has mild temperate climate with hot and rainy
summer and dry winter, which configures the Képpen type
Cwa (Alvares et al., 2013). The area has a temperature above
18.9 °C in all months of the year, having at least one month
with an average rainfall of 6 mm and an annual average of
1,139 mm (Climate-Data, 2018).

The soil of the two fragments presents a sloping area with
outcropping of limestone rocks (belonging to the Bambui
group) and predominantly Littoral Neosols, the main type
of soil found in the FED areas (Carvalho & Felfili, 2011).
The prevailing vegetation is the FED. However, the Paracatu
fragment is located in the core area of the Cerrado, while the
one in Presidente Juscelino is in an ecotonal area, suffering
floristic influence from the Atlantic Forest.

2.2. Vegetation sampling

In each of the fragments, 25 plots of 20 x 20 m were
installed, totaling one hectare of area sampled. In Paracatu,
the plots were randomly allocated following the protocol
proposed by the Permanent Parcels Network in the Cerrado and
Pantanal biomes (Felfili et al., 2005). In Presidente Juscelino,
the plots were systematically distributed along five transects
in the direction of greater slope of the fragment, with 50 m
between transects and 20 m between plots.

In each of the fragments, all the living woody individuals
that had a circumference > 15.7 cm to 1.3 m of the soil
(CAP) were sampled. The circumference was determined
using a tape measure and the total height estimated with
a graduated rod in meters. When it was not possible to
determine the botanical identity of the individuals in situ,
the botanical material was collected and later deposited
in the Herbario Dendrolégico Jeanine Felfili (HDJF) in
the Universidade Federal dos Vales do Jequitinhonha e
Mucuri (UFVJM). The species were classified into families
according to the APG system, Angiosperm Phylogeny
Group IV (APG, 2016). For the verification of spelling and
nomenclature synonymies, the data banks of the Missouri
Botanic Garden (MOBOT) and the International Plant
Names Index (IPNI) were used.

2.3. Data analysis

The a diversity of the studied communities was evaluated
using the Shannon-Wienner index (H’) and the Pielou
equitability (J) (Felfili & Rezende, 2003). In order to compare
this diversity, the Hutcheson t-test (p < 0.05) was used with
the aid of PAST 2.08 software (Hammer et al., 2001). For the
analysis of B diversity, the Venn diagram was made using the
Venny 2.1.0 software (Oliveros, 2015) as well as presence/
absence and abundance matrices for the calculation of Jaccard
similarity indices (Mueller-Dombois & Ellemberg, 1974) and
Bray-Curtis (Brower & Zar, 1984), respectively.

The variation in floristic composition between fragments
was evaluated through the Non-metric Multidimensional
Scaling (NMDS), which was based on a binary matrix
(presence/absence of species). The Jaccard index was chosen
as a distance measure for the NMDS and the Monte Carlo test
was used with 999 permutations to evaluate the significance of
the ordering axes (McCune & Grace, 2002). This analysis was
processed in the PCORD software, version 6.0 for Windows
(McCune & Mefford, 2011).

For the structural analysis of the communities, the classical
phytosociological parameters proposed by Mueller-Dombois
& Ellenberg (1974) were calculated. In addition, in order to
evaluate the size of the communities, the sampled individuals
were distributed in diameter classes with increasing interval to
compensate for the strong decrease of density in the larger size
classes typical of the J-inverted distribution (Botrel et al., 2002).

3.3. RESULTS AND DISCUSSION
3.1. Diversity « and 8

Shannon diversity indices were 3.20 and 3.25 nats.ind™!
for the fragments of Paracatu and Presidente Juscelino,
respectively. The Hutcheson t-test did not detect a significant
difference between the H’ values of the fragments (p = 0.44).
These values are compatible with those found in FEDs
throughout Minas Gerais, which varied between 2.59 nats.
ind! and 3.47 nats. (Schaefer et al., 2008).

The Pielou equitability index (J’) was 0.76 for both
areas, which gives a strong ecological dominance of the
communities, in which five species represented 52.9% (in
Paracatu) and 48.5% (in Presidente Juscelino) of the total.
The inequality in population size and high dominance of few
soil-specialist species of fertile soils are common features of
Cerrado Deciduous Forests (Cunha et al., 2013; Oliveira-
Filho & Ratter, 2002).

The Venn diagram (Figure 1) showed a low percentage
of species shared between the areas (23.4%). Regarding the
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exclusive species, 40 (36%) were identified in the Paracatu
fragment and 45 (40.5%) species in Presidente Juscelino.

Paracatu Pres. Juscelino
40 26 45
(36%) (23.4%) (40.5%)

Figure 1. Venn diagram of the floristic composition of Seasonal
Dry Forest fragments in Paracatu and Presidente Juscelino, MG,
in Sao Francisco river.

The values found for the similarity index of Jaccard (20.7%)
and Bray-Curtis (41%) are considered low by the literature
(Lopes et al., 2009; Rosa et al., 2016). These indices vary from
0 to 1, with a similarity less than 0.5 considered low (Lopes
et al,, 2009). These results, together with the low number of
species shared between the areas, show high B diversity of
these forest formations.

In the NMDS ordination analysis the first two axes were
significant (p < 0.05) by the Monte Carlo permutation test. The
stress value was 15.14% (p < 0.01), which corresponds to an
explained variance of 84.86%. The ordination showed a clear
separation between the two fragments studied as a result of species
composition, forming two distinct groups (Figure 2). This result
reinforces the high [ diversity among the fragments studied.

High diversity a and  are important for the conservation of
the biological and functional diversity of ecosystems, especially
in fragmented environments such as the FEDs. These reflect a
high variety of niches ensuring greater species substitution and
biological complementarity between habitats along gradients and
at different spatial scales (Condit et al., 2002). According to Felfili
& Felfili (2001) a high diversity B is considered determinant for
the establishment of priority areas for conservation.

The floristic heterogeneity between the sampled
fragments (B-diversity) may be related to the environmental
characteristics (geographical distribution, edaphic
factors, rockiness etc.) and to the vegetative matrix in
which they are inserted (Gonzaga et al.,, 2013; 2017).
The Paracatu fragment, located in the core area of the
Cerrado, presented in its floristic composition species
typical of this biome such as Magonia pubenscens A.St.-Hil.,
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Curatella americana L., Kielmeyera coriaceae Mart. And
Zucc., among others (Mendonga et al., 2008). The presence
of Cordia ochnaceae DC, Eugenia florida DC, and Syagrus
romanzofiana (Cham.) is frequently reported in studies of
endemic species in the Atlantic Forest (Alves et al., 2015;
Begnini et al., 2013; Donato & Morretes, 2009).

o Presidente Juscelino, MG

* Paracatu, MG
1.5

0.5

Axis 2

-0.5

-1.5
-1.5 -0.5 0.5 1.5 2.5
Axis 1

Figure 2. Non-metric Multidimensional Scaling (NMDS) ordering
axes of the plots sampled in Seasonal Dry Forest fragments in
Presidente Juscelino and Paracatu, MG, in Sdo Francisco river.

3.2. Floristic composition and structure

In the Paracatu fragment, 1,000 individuals were
sampled resulting in a basal area of 22.94 m>.h"'. These
individuals were distributed in 66 species, 54 genera and
25 families. In Presidente Juscelino, 913 individuals were
found, totaling 21.61 m*.h! of basal area, distributed
in 71 species, 53 genera and 24 families (Table 1). Ten
individuals, considering the two fragments, were excluded
from the analyses because they were not identified at the
species level.

Regarding floristic richness, Fabaceae was the most
representative family in both areas, with 16 species in each
municipality, followed by the family Malvaceae, with 5 and
6 species, in Paracatu and Presidente Juscelino, respectively.
The Bignoniaceae family also excelled in both areas with 4
species in Paracatu and 5 species in Presidente Juscelino. In
addition, Moraceae families (5) in Paracatu and Meliaceae
(5) in Presidente Juscelino were among those with higher
presence (Table 1). These families represented 45% of the
total species sampled in each area.

Anadenanthera colubrina and Myracrodruon urundeuva
had the highest VI (Value of Importance) in both fragments.
In Paracatu, the species A. colubrina, M. urundeuva,
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Aspidosperma pyrifolium, Ficus gomelleira and Sebastiania
brasiliensis, represented 44.6% of the VI found for the
fragment. These values of importance are due to the high
density of the species A. colubrina and M. urundeuva,
A. pyrifolium, S. brasiliensis and the high dominance of

F. gomelleira. In Presidente Juscelino, 44.1% of the VI was
found in the species A. colubrina, M. urundeuva, Machaerium
acutifolium, Dilodendron bipinnatum, Deguelia costata. All
those species presented high density and the highest values
of relative dominance.

Table 1. Phytosociological parameters of the fragments sampled in the municipalities of Paracatu and Presidente Juscelino. The tree species

are arranged in alphabetical order of family.

FAMILIES

Species

ANACARDIACEAE

Astronium fraxinifolium Schott ex Spreng. 1.3
Cyrtocarpa caatingae J.D.Mitch. & Daly -
Myracrodruon urundeuva Allemao 10.7

Schinopsis brasiliensis Engl. -

Paracatu, MG

Presidente Juscelino, MG

VI

2.6 1.01 4.9 0.8 1.2 1.71 3.7
- - - 0.1 0.3 0.14 0.6
6.8 12.70 30.2 9.4 5.6 12.01 27.0
- - - 0.2 0.3 1.10 1.6

APOCYNACEAE
Aspidosperma cuspa (Kunth) S.F.Blake ex Pittier 3.9
Aspidosperma pyrifolium Mart. 11.7

Aspidosperma subincanum Mart. ex A.DC. -

3.2 2.27 9.4 - - - -
6.8 10.13 28.7 2.5 4.0 2.00 8.6
- - - 0.2 0.3 0.10 0.6

ARECACEAE

Syagrus romanzoffiana (Cham.) -

BORAGINACEAE

Cordia glazioviana (Taub.) Gottschling & J.J. Mill. -

Cordia ochnacea DC. -

- - - 0.3 0.6 0.32 1.3
- - - 0.1 0.3 0.05 0.5

'S
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Table 1. Continued...

FAMILIES Paracatu, MG Presidente Juscelino, MG

Species

CANNABACEAE

Celtisiguanaea (Jacq.) Sarg.

CLUSIACEAE

Kielmeyera coriacea Mart. & Zucc.

DILLENIACEAE

Curatella americana L.

ERYTHROXYLACEAE

Erythroxylum deciduum A. St.-Hil. 1.0 2.3 0.20 3.5 - - - -
Erythroxylum pelleterianum A. St.-Hil. 0.06

FABACEAE

Albizia polycephala Benth. 0.1 0.3 0.01 0.4 - - - -
Albizia polyphylla Benth. 0.1 0.3 0.04 0.5 - - - -
Anadenanthera colubrina (Vell.) Brenan 13.3 7.5 11.27 32.0 19.3 7.2 29.95 56.4
Bauhinia catingae Harms 1.5 1.6 0.35 3.5 0.4 0.9 0.06 1.4
Chloroleucon dumosum (Benth.) G.P. Lewis 1.0 0.6 0.50 2.1 - - - -
Copaifera langsdorffii Desf 0.2 0.3 0.13 0.7 - - - -

Floresta e Ambiente 2020; 27(4): 20180285
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Table 1. Continued...

FAMILIES Paracatu, MG Presidente Juscelino, MG

Species DR FR DoR DR FR DoR VI

LECYTHIDACEAE

Lecythis lanceolata Poir.

MELIACEAE

Trichilia catigua A. Juss.
Trichilia clausseni C. DC.
Trichilia elegans A. Juss.
Trichilia hirta L.

Trichilia pallens C. DC.
Trichilia pallida Sw.

Floresta e Ambiente 2020; 27(4): 20180285
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Table 1. Continued...

FAMILIES Paracatu, MG Presidente Juscelino, MG
Species

MYRTACEAE

Campomanesia velutina (Cambess.) O. Berg 1.5 1.0 0.26 2.7 - - - -
Eugenia dysenterica DC. 0.1 0.3 0.05 0.5 - - - -
Eugenia florida DC. - - - - 0.7 1.6 0.12 2.3
Myrcia splendens (Sw.) DC. 0.1 0.3 0.07 0.5 - - - -
Myrciaria floribunda (H. West ex Willd.) O. Berg 0.1 0.3 0.01 0.4 - - - -

OPILIACEAE
Agonandra brasiliensis Miers ex Benth. & Hook. - - - - 0.4 1.2 0.12 1.8

RUTACEAE
Zanthoxylum riedelianum Engl. 0.4 1.0 0.07 1.4 - - - -

SAPINDACEAE

Allophylus sericeus (Cambess.) Radlk. 0.2 0.6 0.06 0.9 - - - -
Cupania vernalis Cambess. - - - - 0.4 0.6 0.09 1.1
Dilodendron bipinnatum Radlk. 3.4 5.2 8.31 16.9 3.8 4.0 7.69 15.6
Magonia pubescens A. St.-Hil. 0.1 0.3 0.14 0.6 - - - -
Talisia esculenta (A. St.-Hil.) Radlk. - - - - 0.5 0.6 0.44 1.6

SOLANACEAE

Solanum granulosoleprosum Dunal 0.4 0.6 0.11 1.2 - - - -

VOCHYSIACEAE
Qualea grandiflora Mart. 0.2 0.6 0.19 1.0 - - - -

DR: relative density; FR: relative frequency; DoR: relative dominance; VI: value of importance.

Floresta e Ambiente 2020; 27(4): e20180285
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A. colubrina and M. urundeuva, stand out among the
most important species in surveys conducted in Brazilian
deciduous forests (Carvalho & Felfili, 2011; Silva &
Scariot, 2008; Siqueira et al., 2009). The high density of
individuals of these species in dry forest environments
is related to the preference for eutrophic soils, especially
with high calcium contents (Scolforo et al., 2008). The
distribution of these species in Latin America (Pennington
etal., 2009) reinforces the Pleistocene arc theory, in which
phenomena occurring in the Quaternary provided a
continuous distribution of these taxa, being later isolated
by disjunctions resulting from unfavorable climatic
oscillations (Caetano & Naciri, 2011).

In both fragments, the diametrical distribution showed
a higher concentration of individuals in the lower class of
Diameter at Breast Height (DAP) (Figure 3). In this class,
54.1% of the individuals of Paracatu and 49.2% of those in
Presidente Juscelino were concentrated. In the largest class,
2.3% and 3.7% (respective to Paracatu and Presidente Juscelino)
of the total were sampled. This result demonstrates the high
number of young individuals in both areas indicating a pattern
of natural forests that are at the beginning of secondary
succession (Botrel et al., 2002).

In general, the fragments were similar for structural
characterization. Since the conservation status of an area
reflects directly on its diversity and structure (Sabino et al.,
2016; Santana et al., 2016) it is possible to see that the fragments
are in a similar state of conservation. This result is consistent
with the fact that both fragments are Legal Reserve areas
of private properties and as such, have relatively restricted
access and low degree of anthropic disturbance.

600 -~

500 -
400 A
300 -
200 -
100 -
0 - T
5-10

Figure 3. Diametrical distribution of individual sampled in Seasonal
Dry Forest fragments, in Sdo Francisco river.

M Paracatu, MG

Presidente Juscelino, MG

10-20 20-40 > 40

4. CONCLUSION

The fragments differed floristically, possibly due to the set
of physiographic aspects, including the different vegetative
matrices in which they were inserted. This difference is
reinforced by the high B diversity among the fragments, which
highlights the importance of protecting both to guarantee
the diversity and functional processes of their communities.

Structurally, the fragments were similar in relation to
the values of basal area and diametric distribution of the
community, indicating that these are in a similar state of
conservation and ecological succession.
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