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ABSTRACT: This study aims to evaluate the effect of different management systems on the floristic composition and diversity
of a fragment of Cerrado sensu stricto vegetation located in Brasilandia de Minas (MG), eleven years after interventions. In 1997,
30 plots were installed in the study site, in a random block design, consisting of ten treatments with three replications: 50%,
60%, 70% and 80% removal of the basal area, involving 20% reduction and increase in the De Liocourt quotient value; clear
cutting and control treatment. Prior to treatment installation, an inventory was compiled of original vegetation. In 2004 and 2008
further inventories were produced. It was observed that interventions in the relevant Cerrado area led to changes in the floristic
composition and diversity of local vegetation, yet these changes were also observed in undisturbed areas which had not been
subjected to management plans.
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AVALIACAO DE DIFERENTES SISTEMAS DE MANEJO EM UMA
AREA DE CERRADO SENSU STRICTO

RESUMO: Objetivou-se, neste estudo, avaliar o efeito de diferentes sistemas de manejo na composicao floristica e na diversidade
de uma vegetagdo de cerrado sensu stricto, localizado em Brasilandia de Minas (MG), onze anos apds as intervencdes. Em 1997,
implantaram-se na area de estudo 30 parcelas, com delineamento em blocos casualizados, nas quais foram instalados dez tratamentos
com trés repeticdes: remocao de 50%, 60%, 70% e 80% da area basal, envolvendo redugéo e acréscimo de 20% no quociente de
De Liocurt; corte raso e testemunha. Antes da implantagao dos tratamentos, foi realizado um levantamento a fim de conhecer a
vegetacdo original. Nos anos de 2004 e 2008, novos levantamentos foram realizados. Verificou-se que as intervengdes em area de
cerrado provocaram alteragdes na composicao floristica e na diversidade da vegetagao, no entanto, essas alteragdes também foram
verificadas em areas onde néo foram efetuados planos de manejo.

Palavras-chave: Composicéo floristica, diversidade, resiliéncia.

1 INTRODUCTION raising activities (DRUMMOND et al., 2005). And, since

disorderly occupation and exploration of the Cerrado has

been creating social, economic and environmental impact

on these regions (OLIVEIRA et al., 1998), applying

management techniques can be an effective strategy for
securing sustainable use of this native vegetation.

Vegetation management is grounded in continuous

and sustained production by a forest ecosystem in such way

as to reach equilibrium between the output and ecological

Cerrado is considered Brazil’s second largest
biome, well known for the mosaic of floristic forms
present in it and also for its enormous biodiversity, which
is estimated to include a third of the Brazilian biota and
5% of the world’s flora and fauna (ALHO; MARTINS,
1995; RATTER; DARGIE, 1992). In Minas Gerais, the
Cerrado is predominantly found in central, northwest and

west portions of the state, occupying around 20% of its
territory (CARVALHO; SCOLFORO, 2008).
Large areas of vegetation native to this biome

functions of that ecosystem (WAKEEL et al., 2005).
Knowing and quantifying impacts on local vegetation after
adopting management plans constitutes an important tool

for assessing the performance of such plans (GOMES et
al., 2004).

are nevertheless being replaced or transformed in
preparation for agricultural and forest crops or animal
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According to Martins (1999) and Oliveira and
Rotta (1982), floristic analyses provide information on
the species composition of a given plant community and
on how species respond to disturbances, allowing better
understanding of a forest’s resilience capacity. The floristic
composition can also be expressed by its diversity (REIS
etal., 2007).

Given the above context, the objective of this
work is to evaluate the behavior of the floristic composition
and diversity of a fragment of Cerrado sensu stricto,
located in Brasilandia de Minas (MG) and subjected to
different sustainable management systems, eleven years
after the relevant interventions.

2 MATERIAL AND METHODS

The study was conducted in an area of Cerrado sensu
stricto around 343 ha in size, owned by V&M Florestal,
a company located in the municipality of Brasilandia de
Minas (MG), at coordinates 17°02’S and 45°50’W and
altitude 575 m. According to Kdppen classification, the
local climate is Aw type, having a tropical system with dry
winters. The average annual temperature is 22.5°C and the
average annual precipitation is 1,441.5 mm. Local soils
include predominantly Cambisol, Red-Yellow Latosol and
Dark-Red Latosol (OLIVEIRA et al., 2006).

In 1997, 30 ha (600 x 500 m) containing three
random blocks (200 x 500 m) were demarcated in the
above area. Each block was subdivided into ten plots, each
100 x 100 m in size, and in the center of each plot a subplot
was installed of 1,800 m? (30 x 60 m), where taxonomic
identifications, CBH (circumference 1.30 m above ground)
and total height measurements were taken of all individuals
with CBH 15.7 cm or more. With these data it was possible
to designate different management systems (treatments) to
be implemented and also to know the floristic composition
of original vegetation. Ten treatments were installed per
block, distributed randomly across the plots (100 x 100
m): control (T); clear cut (CR); selective cut, with 50%
(50N), 60% (60N), 70% (70N) and 80% (80N) removal of
the basal area, maintaining a 20% reduction in the original
De Liocourt quotient value for these four situations; and
selective cut, with 50% (50Q), 60% (60Q), 70% (70Q)
and 80% (80Q) removal of the basal area, maintaining a
20% increase in the original De Liocourt quotient value for
these four situations. This 20% increase and decrease in the
original De Liocourt quotient value promotes, respectively,
greater removal of individuals in large diameter classes and
greater removal of individuals in small diameter classes.
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In years 2004 and 2008, new inventories were
compiled in the subplots (1,800 m?) in order to monitor
the areas subjected to different management systems.
In these inventories, all individuals with CBH 15.7
cm or more were measured and identified. Botanical
identification was done at the site using both specialized
literature and consulting the herbarium of the Federal
University of Lavras (ESAL Herbarium) and specialists.
The Angiosperm Phylogeny Group (2003) classification
system was adopted.

For analysis of the floristic composition before and
after interventions, a record was kept of the presence and
absence of species per treatment, for each inventory, and
data were then compared for similarity, in pairs, using the
Sorensen index (KENT; COKER, 1992). A dendrogram
was constructed with this index using the unweighted
arithmetic mean clustering method (UPGMA) (SNEATH,;
SOKAL, 1973), with the help of the STATISTICA software
package, version 7.0 (STATSOFT, 2004), so as to view
possible clusters.

With the Shannon diversity index (H”) (BROWER,;
ZAR, 1984), floristic diversity was analyzed in the study
site, per treatment, and results between the different
inventories were compared in pairs using the Hutcheson
t-test (MAGURRAN, 1988). To represent the uniformity of
the distribution of individuals across the species sampled,
the Pielou evenness index was calculated (J) (BROWER,;
ZAR, 1984) and the paired t-test was used to examine
possible changes before and after the implementation of
management regimes, after checking the normality of data
difference by the Shapiro-Wilk test (FERREIRA, 2005).
The Shapiro-Wilk test and the paired t-test were run using
the R software package, version 2.9 (R DEVELOPMENT
CORE TEAM, 2009).

3 RESULTS AND DISCUSSION

Based on the total area sampled, 5.4 ha (30
subplots, each 1,800 m? in size), in year 1997, which
refers to the inventory prior to the implementation of
management regimes, 60 species, 51 genera and 31
families were found, to a total of 4,577 individuals. As to
the inventories following the application of treatments, in
2004 3,843 individuals were found, distributed among 65
species, 54 genera and 32 families, while in 2008 5,196
individuals were found, distributed among 74 species,
59 genera and 33 families. The list of species found in
each of the three measurement occasions is illustrated
in Table 1.
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Table 1 — Species sampled in 30 subplots (1,800m?) in the municipality of Brasilandia de Minas (MG), listed in alphabetical order
of family, in three measurement occasions. Index 1 refers to species found in the first inventory (1997), while index 2 and index 3
refer to species found in the second (2004) and third inventories (2008) respectively.

Tabela 1 — Relagao das espécies amostradas em 30 subparcelas (1800m?) no municipio de Brasilandia de Minas (MG), em ordem
alfabética de familia, nas trés ocasides de medi¢do. Em que, o indice 1 corresponde as espécies encontradas no primeiro levantamento

(1997) e os indices 2 e 3 aquelas encontradas no segundo (2004) e terceiro levantamento (2008), respectivamente.

Family / Species

Family / Species

Anacardiaceae
Astronium fraxinifolium Schott ex Spreng. (1, 2, 3)
Annonaceae
Annona coriacea Matrt. (1, 2, 3)
Annona crassiflora Mart. (1, 2, 3)
Duguetia furfuracea (A.St.-Hil.) Benth. & Hook.f. (1)
Xylopia aromatica (Lam.) Mart. (2, 3)
Apocynaceae
Aspidosperma macrocarpon Matt. (3)
Aspidosperma parvifolium A.DC. (2, 3)
Aspidosperma subincanum Mart. ex A.DC. (1)
Aspidosperma tomentosum Mart. (1)
Hancornia speciosa Gomes (1, 2, 3)
Himatanthus articulatus (Vahl) Woodson (2, 3)

Araliaceae

Schefflera macrocarpa (Cham. & Schltdl.) Frodin (1, 2, 3)

Arecaceae
Syagrus flexuosa (Mart.) Becc. (1)
Asteraceae
Piptocarpha rotundifolia (Less.) Baker (1, 2, 3)
Bignoniaceae
Cybistax antisyphilitica (Mart.) Mart. (3)
Handroanthus ochraceus (Cham.) Mattos (1, 2, 3)
Handroanthus serratifolius (Vahl) S.0.Grose (1, 2, 3)

Tabebuia aurea (Manso) Benth. & Hook.f. ex S.Moore (1, 2, 3)

Caryocaraceae

Caryocar brasiliense Cambess. (1, 2, 3)
Celastraceae

Plenckia populnea Reissek (2, 3)
Clusiaceae

Kielmeyera coriacea Mart. & Zucc. (1, 2, 3)
Combretaceae

Terminalia argentea (Cambess.) Mart. (1)

Connaraceae
Connarus suberosus Planch. (1, 2, 3)
Dilleniaceae
Curatella americana L. (1, 2, 3)
Davilla elliptica A.St.-Hil. (1, 2, 3)
Ebenaceae
Diospyros coccolobifolia Mart. ex Miq. (1, 2, 3)
Erythroxylaceae
Erythroxylum deciduum A.St.-Hil. (2, 3)
Erythroxylum suberosum A.St.-Hil. (1, 2, 3)
Erythroxylum tortuosum Mart. (1, 2, 3)
Fabaceae
Acosmium dasycarpum (Vogel) Yakovlev (1, 2, 3)
Acosmium subelegans (Mohlenbr.) Yakovlev (1, 2, 3)
Andira vermifuga (Mart.) Benth. (1)
Bauhinia pulchella Benth. (1)
Bowdichia virgilioides Kunth (1, 2, 3)
Dimorphandra mollis Benth. (1, 2, 3)
Dipteryx alata Vogel (2, 3)
Enterolobium gummiferum (Mart.) J.F.Macbr. (1, 2, 3)
Hymenaea stigonocarpa Mart. ex Hayne (1, 2, 3)
Machaerium acutifolium Vogel (1, 2, 3)
Machaerium opacum Vogel (2, 3)
Machaerium villosum Vogel (2, 3)
Platycyamus regnellii Benth. (2, 3)
Platymiscium pubescens Micheli (3)
Pterodon emarginatus Vogel (1, 2, 3)
Stryphnodendron adstringens (Mart.) Cov. (1, 2, 3)
Tachigali subvelutina (Benth.) Oliveira-Filho (1, 2, 3)
Vatairea macrocarpa (Benth.) Ducke (2, 3)
Lamiaceae
Aegiphila lhotskiana Cham. (1, 3)
Aegiphila sellowiana Cham. (2, 3)

To be continued ...

Continua ...
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Table 1 — Continued ...
Tabela 1 - Continua ...
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Family / Species Family / Species
Loganiaceae Opiliaceae

Strychnos pseudoquina A.St.-Hil. (1, 2, 3) Agonandra brasiliensis Miers ex Benth. & Hook. (1, 2, 3)
Lythraceae Rubiaceae

Lafoensia vandelliana Cham. & Schltdl. (1, 2, 3)
Malpighiaceae

Byrsonima coccolobifolia Kunth (1, 2, 3)

Byrsonima sericea DC. (1, 3)

Byrsonima verbascifolia (L.) DC. (1, 2, 3)

Heteropterys byrsonimifolia A.Juss. (2, 3)
Malvaceae

Eriotheca gracilipes (K.Schum.) A.Robyns (2, 3)

Eriotheca pubescens (Mart. & Zucc.) Schott & Endl. (1, 2, 3)

Pseudobombax longiflorum (Mart. & Zucc.) A.Robyns (1, 3)
Meliaceae

Trichilia pallens C.DC. (3)
Moraceae

Brosimum gaudichaudii Trécul (2, 3)
Myrtaceae

Eugenia dysenterica DC. (1, 2, 3)

Mpyrcia tomentosa (Aubl.) DC. (3)
Nyctaginaceae

Guapira graciliflora (Schmidt) Lundell (1)

Guapira noxia (Netto) Lundell (2, 3)

Neea theifera Oerst. (1, 2, 3)
Ochnaceae

Ouratea hexasperma (A.St.-Hil.) Baill. (1, 2, 3)

Alibertia edulis (L.C.Rich.) A.Rich. ex DC. (1, 2, 3)

Palicourea rigida Kunth (1, 2 3)

Tocoyena formosa (Cham. & Schltdl.) K.Schum. (1, 2, 3)
Rutaceae

Zanthoxylum riedelianum Engl. (2, 3)
Salicaceae

Casearia sylvestris Sw. (1, 2, 3)
Sapindaceae

Magonia pubescens A.St.-Hil. (1, 2, 3)
Sapotaceae

Pouteria ramiflora (Mart.) Radlk. (1, 2, 3)

Pouteria torta (Mart.) Radlk. (1, 2, 3)
Simaroubaceae

Simarouba versicolor A.St.-Hil. (1, 2, 3)
Solanaceae

Solanum lycocarpum A.St.-Hil. (1, 2, 3)
Vochysiaceae
Qualea grandiflora Mart. (1, 2, 3)

Qualea multiflora Mart. (3)

Qualea parviflora Mart. (1, 2, 3)

Salvertia convallariodora A.St.-Hil. (1, 2, 3)

Vo chysia rufa Mart. (1, 2, 3)

Family Fabaceae was found to have the largest
number of species listed, before and after interventions
(14 species on average). On the other hand, 19 families
were represented by a single species. Fabaceae has been
referred to in many Cerrado inventories as the family
having the greatest species abundance (FIEDLER et
al., 2004; SILVA et al., 2008; TEIXEIRA et al., 2004).
Martins (1993) argues that the prevalence of this family
could be related to the presence of root nodules which
act as a nutrient retention and transfer mechanism
(nitrogen) through the ecosystem, thus favoring the
development of these species in Cerrado soils. Another
possible reason for this family remaining top listed in

Cerne, Lavras, v. 17, n. 1, p. 85-93, jan./mar. 2011

the inventories following application of treatments is
the fact that many species are heliophilous and emergent
(LORENZI, 1992).

In analyzing the floristic composition per
treatment (Table 2), it was observed that in 2008 the
number of species, genera and families was equal to or
higher than that found in 1997, regardless of treatment.
This occurred as a function of the growth of individuals
in the period in between assessments, contributing
toward increased floristic richness, particularly in the
treatment with no intervention, and also as a function of
the management regimes, which favored the appearance of
new species, genera and families in the intervention areas.
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Table 2 - Number of species, genera and families of woody vegetation, before (1997) and after treatment implementation (2004 and

2008).

Tabela 2 - Niimero de espécies, géneros e familias da vegetagao lenhosa, antes (1997) e apés a implantagdo dos tratamentos (2004 e

2008).

Treatment Species Genera Families
1997 2004 2008 1997 2004 2008 1997 2004 2008

50N 32 40 46 27 34 40 20 19 23
60N 35 44 49 31 38 41 22 20 22
70N 38 45 52 34 38 43 24 24 26
80N 32 35 40 27 30 35 19 21 24
50Q 35 42 46 31 36 40 22 21 22
60Q 29 35 36 28 30 31 19 18 20
70Q 31 39 43 27 33 37 20 22 24
80Q 36 39 46 30 33 38 22 21 26
CR 33 37 43 29 32 37 21 20 24
T 34 34 38 30 28 30 22 20 23

Treatments with removal of up to 70% of the basal area
and involving greater removal of thin individuals showed
higher gains in number of species, in comparison to
treatments using the same removal intensities yet removing
thicker individuals. Treatments with intensive removal
such as 80N, 80Q and CR, despite their slower recovery
and lower than average gain in number of species, did
not have a negative impact on the floristic composition.

Several Cerrado species have well developed root
systems and thus reproduce vegetatively via the root
buds or rhizomes, and this favors the recovery of areas
subjected to intervention (FELFILI; SANTOS, 2002;
RAMOS, 1990).

In the areas of this study it was observed that
the path of succession is related not only to vegetative
reproduction but also to the composition of existing
propagules, that is, the seed bank in the soil and seed
dispersion. This can be verified based on increased floristic
richness and appearance of species typical of forests.

Through the analysis of floristic similarity, an
interval of 0.538 to 0.958 was found for the Sorensen
index. Figure 1 illustrates the formation of three distinct
groups when a 25% cutting intensity is adopted in the
scale axis of the dendrogram, as this is a determining point
in the merging of similar clusters, according to Muller-
Dombois and Ellenberg (1974). Group 1 includes areas
prior to intervention, group 2 includes these areas after the
application of different treatments, in 2004 and 2008, and
group 3 refers to the control of the second and third inventory.

A clustering tendency was observed between treatments
related to 2004 and 2008, suggesting there are more species
in common between these inventories when compared to
the inventory prior to interventions. Additionally, it was
noted that changes in floristic composition also occurred in
the control treatment, due to the effect of natural dynamics,
preventing this treatment from falling into group 1 in 2004
and 2008.

According to Gauch (1982), a similarity index
above 0.50 is considered high. A conclusion could thus be
drawn, considering only the interval of values obtained,
of high floristic similarity between vegetation before and
after implementing the management regimes. However,
this study refers to similarity in a single area over time
and the high similarity found between measurements can
be attributed to this fact, even if the area was subjected
to interventions. Thus, by adding a dendrogram to the
analysis it is possible to infer with more clarity the
differences among the floristic composition of the three
inventories and to realize, despite the high index values,
that the vegetation eleven years after different levels of
intervention differs from the original vegetation, including
the control treatment.

Table 3 provides Shannon diversity index (H”)
and Pielou evenness index (J) results, for the three
measurement occasions, and also the Hutcheson t-test
result. Values found for these indices are close to values
found in other works, including the works of Araujo et al.
(2007) and Scolforo et al. (2008).
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Figure 1 - Dendrogram based on the Sorensen similarity index for a Cerrado area, before (1997) and after (2004 and 2008) applying
different management systems.

Figura 1 - Dendrograma gerado a partir do indice de similaridade de Sorensen para uma drea de cerrado antes (1997) e apds (2004 e
2008) a aplicagdo de diferentes sistemas de manejo.

Table 3 - Results of Shannon diversity index (H’), Pielou evenness index (J) and Hutcheson t-test, for each treatment, before (1997)
and after (2004 and 2008) interventions. (*) indicates significant and (ns) indicates nonsignificant, at the 0.05 significance level, and
t_ value = 1.96.

tab

Tabela 3 - Indices de diversidade de Shannon (H’), equabilidade de Pielou (J) e resultados do teste t de Hutcheson, verificados em cada
tratamento antes (1997) e apds (2004 e 2008) as intervengdes. Em que, (*) indica significativo e (ns) corresponde a ndo significativo, num
nivel de significancia igual a 0,05, e valor de t,,=196.

Treatment Shannon Index (H”) Hutcheson Test (t value) Pielou Evenness (J)

1997 2004 2008 1997/2004 2004/2008  1997/2008 1997 2004 2008

50N 2.78 2.84 2.90 1.04 (ns) 1.17 (ns) 2.46 (*) 0.79 0.77 0.76
60N 280 307 313 4.45 (%) 1.09 (ns) 6.06 (*) 078  0.81 0.81
70N 2.89 2.99 3.09 1.58 (ns) 1.53 (ns) 3.50 (%) 0.78 0.79 0.78
80N 2.68 2.83 2.93 2.53 (%) 1.74 (ns) 4.64 (*) 0.77 0.80 0.79
50Q 3.00 3.08 3.15 1.51 (ns) 1.30 (ns) 2.92 (%) 0.84 0.82 0.82
60Q 2.79 2.82 2.86 0.53 (ns) 0.62 (ns) 1.31 (ns) 0.81 0.79 0.80
70Q 268 271 278 0.40 (ns) 1.09 (ns) 1.66 (ns) 077  0.74 0.74
80Q 2.89 3.07 3.12 3.02 (%) 1.01 (ns) 4.23 (%) 0.80 0.84 0.82
CR 2.87 2.86 2.95 0.09 (ns) 1.60 (ns) 1.70 (ns) 0.81 0.79 0.79
T 2.78 2.68 2.76 1.80 (ns) 1.43 (ns) 0.42 (ns) 0.78 0.76 0.76
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The above results demonstrate that the floristic
diversity increased over the years in all areas subjected to
vegetation removal, although, according to the Hutcheson
test, treatments 60Q, 70Q and CR did not differ statistically
between inventories. According to Santos and Vieira
(2005), the Shannon diversity index (H) also captures
ecological succession, and, usually, areas in intermediate
successional stages have a higher diversity index because
they include both late and early successional species.
As regards the control treatment, diversity responded
differently from treatments subjected to intervention in
that there was a decrease in floristic diversity, yet not
significant. The fact that the control treatment showed
lower diversity than areas subjected to intervention owes
to species being in later successional stages there.

As regards Pielou evenness, a tendency was
observed toward increasing concentration of abundances

91

in few species, which dominate the community, as
detected by the declining evenness indices found
eleven years after the interventions, for most treatments
involving vegetation removal. This behavior was also
observed in the control. However, after checking the
normality of data differences by the Shapiro-Wilk test
between inventories (Table 4), it was demonstrate
by the paired t-test (Table 4) that the evenness index
found for year 2008 did not differ statistically from the
evenness index found for year 1997.

According to Scolforo (1998), even when using
a selective cut system, which is a set of silvicultural
treatments, based on sustained production, local
changes are inevitable. Areas undergoing change
will be recolonized and their diversity and floristic
composition will probably differ from those of the
original forest.

Table 4 - Results of the Shapiro-Wilk test and paired t-test for the Pielou evenness index, for treatments before (1997) and
after (2004 and 2008) interventions. (*) indicates significant and (ns) indicates nonsignificant, both at the 0.05 significance

level.

Tabela 4 - Resultado do teste Shapiro-Wilk e T-pareado para o indice de equabilidade de Pielou, considerando os tratamentos antes
(1997) e apds (2004 e 2008) a realizagdo do manejo. Em que, (*) indica significativo e (ns) corresponde a nao significativo, ambos num

nivel de significancia igual a 0,05.

Shapiro-Wilk Test

Paired t-test

Invento

v W Value p-value d}\;{f::nzis T Value p-value
1997 - 2004 0.0696 0.0988 (ns) 0.003 0.3862 0.3542 (ns)
2004 - 2008 0.8791 0.1274 (ns) 0.0057 2.6014 0.0143 (*)
1997 - 2008 0.906 0.2546 (ns) 0.0087 1.2557 0.1204 (ns)

4 CONCLUSIONS

It can be concluded that, under the conditions of this
study, the interventions applied to areas of Cerrado sensu
stricto caused changes in both the floristic composition and
diversity of the vegetation. However, these changes were
also observed in the control treatment, that is, in areas not
subjected to interventions.
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