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Abstract - The expansion and changes in land use and land cover in the Southwest
Amazon are mainly related to the activities of logging without management rules,
agriculture and cattle production, which resulted in the conversion of natural forests,
especially along water courses. This study aimed to verify the diametric distribution of
forestry species with higher importance value index in the riparian forest of the Acre
River (Acre, Brazil). The forestry inventory was performed at eight municipalities
crossed by the Acre River, using two stage sample units (conglomerates) and applying
stratified random sampling techniques at the river bank. Twenty-seven primary plots
were installed, within which another four secondary plots were implanted. It was fitted
Weibull’s probability density functions with 2 and 3 parameters to species diametric
distribution, provided by the maximum likelihood method. Graphic analysis verified
that 86% of the species analyzed presented a distribution trend with positive asymmetry.
The distribution of the Weibull function with two parameters presented better the best
estimative of the frequency of species by diameter class of the natural forest evaluated.
Considering the heterogeneity of the species, further studies to verify whether the
distribution behavior follows the same trend is recommended.

Distribuicao diamétrica de espécies florestais da mata ciliar na parte

sul da Amazonia ocidental

Resumo - A expansio e as mudangas no uso e cobertura da terra na parte sul da Amazonia
ocidental estdo vinculadas principalmente as atividades do extrativismo madeireiro sem
regras de manejo e a produg@o agropecuaria, que resultaram na conversio de florestas
nativas, especialmente ao longo de cursos d’agua. Esse estudo teve como objetivo
verificar a distribui¢io diamétrica de espécies florestais com maior indice de valor de
importéncia da mata ciliar do Rio Acre, AC. O inventario florestal foi realizado em oito
municipios cortados pelo Rio Acre, utilizando unidades amostrais com dois estagios
(conglomerados) e técnicas de amostragem aleatdria estratificada pela faixa marginal do
Rio Acre. Foram instaladas 27 parcelas primarias, dentro das quais foram distribuidas
quatro parcelas secundarias. Para estudo da classificacdo diamétrica, foram avaliadas as
fungdes de densidade probabilistica de Weibull 2 e 3 pardmetros pelo método da maxima
verossimilhanga. Pela analise grafica, verificou-se que 86% das espécies analisadas
apresentaram tendéncia de distribuicio com assimetria positiva. A distribui¢do da funggo
Weibull com dois parametros estimou melhor a frequéncia de espécies por classe de
diametros. Diante da heterogeneidade das espécies, recomendam-se novas pesquisas
para verificar se 0 comportamento da distribuicdo segue a mesma tendéncia.
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Introduction

The area by the Acre River is important for agricultural
purposes, consequently the watershed has the higher
rates of anthropic changes, including colonization
projects in which forest coverage has been converted
to homogeneous plantations. Many of those areas
exceed the 20% allowed by legal limit, according to the
Brazilian Forest Code (Law 12.727, of 2012) for forest
areas located in the Legal Amazon (Brasil, 2012).

This intense occupation has damaged the watershed,
with visible impacts (Aragdo, 2012), such as the river
overflowing during the Amazon winter (December to
March) or intense drought during summer (April to
November), leaving urban areas without water supply
(Chambers & Artaxo, 2017).

Despite riparian forests being legally protected by
Brazilian Federal Law (12.727/12), which classifies
riparian forests as areas of permanent protection (Brasil,
2012), they are subjected and susceptible to various
types of degradation (Rodrigues et al., 2013, 2017).
To counteract this situation, some projects have been
highlighting the importance of preserving and/or restoring
the riparian forests, especially in areas containing native
species, as stated in Resolution 429/11 of the Brazilian
Council for Environment (CONAMA, 2011).

The analysis of vegetation is important to obtain a
value that indicates the overall structure of the system
being studied or that characterizes the importance of each
species in the total conglomerate of the forest. Further,
it is possible to integrate the 3 partial indexes (i.e.,
abundance, dominance and frequency), to obtain a unique
expression capable of representing the forestry structure,
named as importance value index (Chaves et al., 2013).

The diametric distribution of forests is important as
basis to obtain information on growth dynamics and to
infer the ecological relationship among tree species. As a
result, the management strategy best fitted to the diametric
structure at the forest area or tree level may be selected
based on this information during the decision-making
process (Campos & Leite, 2013; Santos et al., 2016).

There is a good correlation between tree diameter
and certain variables, such as tree height, wood volume,
timber value, conversion cost and product stratification
(Binoti et al., 2013). The diametric distribution and its
relationship with the site, forest area composition, tree
age, and species density are important for biological and
economical purposes (Binoti et al., 2013). Therefore,
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the diametric distribution is an indicator of the forest
structure, helping to distinguish forest typologies and to
identify natural regeneration at species level (Machado
et al., 2010).

The diametric structure description of forests has been
verified through probability density functions (pdf), as
they allow the specimen probability to be obtained for
determined diameter intervals, presenting the structural
behavior of the forest clearly (Machado et al., 2010;
Nascimento et al., 2012).

According to Nascimento et al. (2012), the first
work performed in an Amazon area that implemented
diametric classification using pdf was in 1979, which
was largely diffused in the region. The same authors
affirm that models based on the pdf have mathematical
characteristics, making them flexible, allowing the use
of several forms and asymmetries for the dendometric
descriptions and forests typologies, precise and
presenting good correlations between the coefficients
and forests attributes.

The adjustment of the Weibull function by the
maximum likelihood method provides reliable estimates,
with lower tendentiousness than other methods, such as
moments or percentages. This function is also considered
superior to other probability density functions and is also
easy to apply (Araujo Junior et al., 2010; Binoti et al.,
2012; Campos & Leite 2013).

Due to the characteristics of forest species, it is
necessary to establish bases for sustainable management
in natural forests. Diametric distribution and fitting
models are good alternatives to understand the structure
of the forest at diameter class level. Thus, this study
aimed to analyze the diametric distribution of 30 forestry
species identified with a higher importance value index
in a riparian forest of the Acre River, using the 2 and 3
parameters Weilbull probability density functions.

Material and methods

The Acre River hydrographic basin is located in the
South-Western Amazon, on the triple border between
Brazil, Bolivia and Peru and has an approximate area of
35,967.5 km?, of which 87.5% belong to the Brazilian
territory (87.6% belong to the state of Acre and 12.4%
to the state of Amazonas). This study was conducted in
the remaining fragments of a riparian forest of the Acre
River (Figure 1). The critical areas that were studied in
this research are the result of the urbanization process,
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land occupation and use of the natural vegetation
(riparian) on the banks of the Acre River.

The eight municipalities that are directly influenced
by the Acre River in Acre territory were studied. They
are, from the source to the delta: Assis Brasil (where
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the river is the border line with the city of Ifiapari,
Peru), Brasiléia (where the river is also the border
line with the city of Cobija, Bolivia), Epitaciolandia,
Xapuri, Capixaba, Senador Guiomard, Rio Branco
and Porto Acre.
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Figure 1. Critical sections of deforestation and primary units of the forest inventory in the area of influence of the Acre River

in the eight evaluated municipalities, Acre.

The predominant climate is the Am, as proposed by
W. Kdppen (Alvares et al., 2014), corresponding to rainy
tropical (hot and moist), with the annual rainfall varying
from 1,800 to 2,000 mm, an average temperature of
24.7 °C and well-defined moist and dry seasons.

It is characterized by a very dissected relief, with
convex tops and very high drainage density, with medium
slopes in the central-north part, decreasing to the south,
where it becomes wavy. The predominant soil class in the
Acre River basin is the Ultisol, occurring in 72.6% of the
study area, with extensions above 22,800 km?, followed
by Gleysols, Oxisols, Luvisols and Plinthosols (Acre,
2010). The presence of a plinthic character in Ultisols
at the third categorical level indicates a fluctuation of
the groundwater. This condition restricts oxygen in the

soil and affects the development of some tree species,
occurring mainly in regions with more rugged relief
(Silva et al., 2019).

The database processed in study is partly from the
Forest Inventory of the Ciliar S6 - Rio Acre project
(Rodrigues et al., 2013), totaling 3,498 individuals,
from which 1,060 individuals presented the thirty largest
importance value index (Equation 1).
DRi +DoRi+FRi> 1)

IVl =
5

where: IVI = importance value index of the species;
DRi = relative density of i species; DoRi = relative
dominance of the i species, and FRi = relative
frequency of the i species.
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Mapping was performed to identify the remaining
areas of the riparian forest and the visually deforested
areas, using Arc GIS 9.3 software, with remote sensing
and image reading through the Landsat 5 satellite. It was
obtained from the database of the Brazilian Institute for
Spatial Research (INPE).

After identifying the critical plots visually, the
inventory was carried out using sample units with more
than one stage (conglomerates), applying stratified
random sampling techniques of the riverbank in eight
municipalities that are crossed by the Acre River. The
variables collected included species names, habit and
diameter at 1.3 m above ground level (DBH) > 20 cm.

Twenty-seven primary plots (PPs) were allocated in
the riparian forests near the Acre River. PPs were 190
m x 1,000 m (or 19 ha). In each PP, four secondary
plots (SP) measuring 10 m x 250 m (or 0.25 ha) were
allocated systematically, totaling 1 ha where the trees
were measured.

The scientific names of species in the Acre River basin
were identified according to the Acre forest species list
(Araujo & Silva, 2000). From the list generated, the
species names were updated according to the current
classification system of Flora do Brasil (Flora do Brasil,
2020).

To analyze the diametric distribution, adjustments
were performed using the 2 and 3 parameters Weilbull
probability density (Equations 2 and 3, respectively)
,by the maximum likelihood method for the 30 forestry
species with greater frequency. For the adjustments, the
data were grouped in classes with a 10 cm amplitude,
following Umafia & Alencar (1998) for uneven-aged
forests in the Amazon region.

c /x\e 1 (& €
f =) W @
where b = scale parameter; ¢ = distribution form
parameter, e = mathematical constant and x = DBH
value.

X — a)e‘l

o =35 e (%) (3)

where a = intersection point of the curve, b = scale
parameter, ¢ = distribution form parameter, e =
mathematical constant and x = DBH value.
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The quality of the adjustments was assessed by the
Kolmogorov-Smirnov test (o = 0.01) in order to verify
the adherence of the Weibull function to the data (Sokal
& Rohlf, 1969).

Results

The Weibull 3 parameter function is not suitable for
the used database since most of the adjustments did not
converge with the species distribution; therefore, the
presented data are based on the 2 parameters Weibull
function, which was adequate for demonstrating that
100% of the adjustments were not significant. In other
words, the distribution estimated was equal to that
observed.

The 30 forestry species with higher importance value
index (IVIi), distributed in 18 families, are presented
on Table 1. Sapium marmieri presented the highest IVIi
(12.2), followed by Pseudolmedia murure (9.0) and
Albizia sp. (Fabaceae) presented the lowest (1.3). The
most representative family was Mimosaceae, with six
species, followed by Euphorbiaceae, with four species.

The parameters obtained by the function adjustment
are presented in Table 1. These values were used
directly on the distribution probability function, to
obtain the frequency per diameter class of the 30
species.

The Weibull function may be controlled in several
forms by the ¢ parameter. For instance, when analyzing
the ¢ parameter, only Ceiba pentandra obtained ¢ =
3.6 with a normal distribution. In comparison, Acacia
glomerosa, P. murure and Hirtella sp. presented ¢ higher
than 3.6, with a negative asymmetric distribution trend.
The results for all other species were 1 < ¢ < 3.6, with
positive asymmetry (Figure 2). Eight diameter classes
were found from the inclusion level (> 5 cm) (Figure
2), with the data tending to be normally distributed.
Most specimens had diameters of 15 cm, 25 cm and 35
cm (Figure 2), with 25 cm diameter being prevalent.
Few specimens occurred in the lower (5 cm) or higher
(45 to 65 cm) classes. The equations presented were
adherent for all species by the Kolmogorov-Smirnov
test at 1% of significance.
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Table 1. Parameters estimated by the Weibull function for 30 species with higher importance value index (IVIi) for the studied
riparian forest.

Parameters
Family Scientific name IVIi
b c
Annona exsucca DC. 33 29.76 2.27
Annonaceae
Ephedranthus guianensis R. E. Fr 3.1 27.58 2.33
Ceiba pentandra (L.) Gaertn. 3.0 28.66 3.61
Bombacaceae
Ochroma pyramidale Urb. 22 17.98 2.87
Burseraceae Tetragastris altissima (Aubl.) Swart. 2.5 21.80 2.86
Cesalpiniaceae Schezolobium amazonicum Hub. 2.6 32.14 2.33
Chrysobalanaceae Hirtella sp. 1.7 29.58 4.05
Combretaceae Terminalia sp. 2.9 28.48 2.359
Drypetes variabilis Vitt. 3.1 17.25 2.33
Hevea Brasiliensis Muell Arg. 5.9 29.35 2.62
Euphorbiaceae
Hura crepitans L. 2.4 24.46 2.27
Sapium marmieri Hub. 12.2 21.06 2.44
Albizia sp. 1.3 27.00 3.52
Fabaceae Erythrina mulungu Mart ex Benth. 2.7 28.22 2.31
Pterocarpus rhorii Vahl. 1.9 25.88 1.81
Lecythidaceae Lecythidaceae A.Rich. 2.4 19.30 1.73
Meliaceae Guarea sp. 3.0 26.80 3.26
Inga laurina (Sw.) Willd. 44 32.35 2.59
Inga thibaudiana DC. 2.1 20.88 2.74
Mimosaceae Inga vera subsp. affins (DC.) T. D Penn. 3.7 25.38 2.43
Senegalia glomerosa Benth. 2.1 30.35 4.18
Senegalia polyphylla DC. 3.0 25.34 1.92
Brosimum alicastrum Sw. 6.1 28.29 2.22
Moraceae Castilla ulei Warburg 2.4 26.86 2.94
Pseudolmedia murure Standl. 9.0 26.17 3.93
Phytolacaceae Gallesia gorazema Moq. 2.5 28.20 2.39
Rubiaceae Calycophyllum spruceanum Benth. 1.9 29.90 2.73
Sapotaceae Pouteria sp. 1.6 17.48 1.93
Sterculiaceae Sterculia pruriens (Aubl.) K. Schum. 2.4 27.58 2.96
Tiliaceae Apeiba echinata Gaertn. 2.8 30.28 2.78
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Figure 2. Frequency per diametric distribution class and diametric distribution curves adjusted by the Weibull 2 parameters
function, for the 30-forestry species with higher I'VIi in the studied riparian forest.
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Discussion

In uneven-aged and heterogeneous forests, growth
and production models are constructed with the aim
of predicting and projecting global attributes and
diametric distributions of the forest. In the Amazon
the use of phytosociology started with the work of
Cain et al. (1956), used since then to characterize the
of phytosociological concepts and methods originated
in studies of vegetation, such as density, frequency and
importance value (Curtis & Mcintosh, 1951). These
methods make it possible to quantitatively evaluate
the variability of the estimated parameters and can
also simultaneously provide information on the spatial
pattern of distribution of individuals in each population
(Salomao et al., 2012).

In this study most of the specimens had low and
average diameters (Figure 2), with few specimens
occurring in higher classes. The data did not present an
exponential distribution trend in the shape of an inverted
“J,” which is characteristic of uneven-aged forests
(Umana & Alencar 1998; Schaaf et al., 2006; Machado
et al., 2010; Lima & Ledo 2013; Santos et al., 2013).
This result might be due to the level of damage of the
riparian forest fragments in the studied area (Figure 1),
which might have caused irregular natural distribution
in the native forests. This pattern in the frequency curve
for each class indicates an elevated regeneration rate or
evidence of exploitation in the inventoried area (Santos
et al., 2013). In forests under sustainable management,
this pattern may be maintained with the adoption of
sustainable practices (Umaiia & Alencar, 1998).

Although this pattern may be expected for native
forests in general (there are more species whose
maximum dimensions are smaller), in some forest
typologies and, mainly, individual species may not
follow the negative exponential model (Condit et al.,
1998). For Pascal (2003), the deficit in some size classes
or the accumulation in classes with larger diameters
may be due to the stagnation of trees under the closed
forest canopy, among other situations, causing the
accumulation of certain diameter classes.

Brosimum alicastrum was the only species evaluated
that had specimens in all diameter classes. The genus
Brosimum is dominant in some tropical forests, and
highly widespread in the Amazon region, characterized
by its use in folk medicine and by the abundant
production of a latex (Lima et al., 2013). According to
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Nascimento et al. (2012), the occupation level of the
forest, dominance and number of individuals present,
depend on the degree of succession of a given species,
the conditions of the forest, the inherent species
structure, beyond the economic and environmental value
that they can represent.

In relation to families, it was observed that a greater
number of species was found for Mimosaceae, and
the diametric distribution was similar among them.
The largest IVI species, Sapium marmieri (Table 1),
belongs to the Euphorbiaceae family, which comprises
about 300 genera and is one of the largest families of
flowering plants, known for the diversity of growth
forms, structural and functional distribution (Ramalho et
al., 2018; Li et al., 2019). The second and third species
of larger IVI, Pseudolmedia murure and Brosimum
alicastrum, belong to the Moraceae family, which also
has a great diversity of plants comprising about 40 genera
and more than 1,000 species (Somashekhar et al., 2013).

Aratjo (2015), when studying changes caused by
forest fires in the region of Acre, found 19 species in
common with our study, and 15 in stage of regeneration,
considering individuals with DBH < 2 cm and height >
1 m. The regenerating species common to both studies
are Hevea Brasiliensis, Inga thibaudiana, Pouteria sp.,
P. murure, S. marmieri, Senegalia polyphylla, Sterculia
pruriens, Tetragastris altissima, Apeiba echinate, B.
alicastrum, Ceiba pentandra, Hirtella sp., Ochroma
pyramidale, Rollinia exsucca and Calycophyllum
spruceanum.

The species S. marmieri was highlighted as one with the
lowest mortality rate (below 40%) among the 40 species
of highest IVI found by Aratjo (2015). The author also
mentioned P. murure (IVI=1.04 and 63% mortality) and
H. brasiliensis (IVI = 0.94 and 56% mortality).

It is important to know the diametric distribution
of natural forests because it reveals amplitudes in
diameter and shows the trend of regeneration of species
or its capacity to recover, allowing forest typologies
to be differentiated and the verification of the levels
of occupation and production potential, according
to the values of their coefficients, various forms and
asymmetries (Nascimento et al., 2012; Santos et al.,
2013). Beyond indicating regeneration levels, the
diametric distribution also indicates the growth stock,
helping to find sustainable strategies, and even restore
damaged environments.



Diametric distribution of forestry species in riparian forest in the southern part of the Amazon

The results of the current study in relation to the
diametric distribution differ from those found by
Machado et al. (2010) and Orellana et al. (2014). These
authors obtained better adjustments presented by the
Weibull function 3 parameters in a fragment of Mixed
Rain Forest using Weibull 2 and 3 parameters.

The 3 parameters Weibull function (3P) is a density
probability function that is frequently used in the field
of forestry. The Weibull probability function may have
a great number of shapes, all of which are defined by
the ¢ coefficient. For instance, if ¢ < 1, the distribution is
shaped as an “inverted-J.” When ¢ = 1, the distribution
is exponential. For values in which 1 < ¢ < 3.6, the
distribution has positive asymmetry. When ¢ = 3.6, it
defines approximately a normal distribution, and when
¢> 3.6, the distribution has negative asymmetry (Umafia
& Alencar, 1998).

Despite variation in the number of classes, the 2
parameters Weibull function was well-adjusted to the
database, presenting a correlation coefficient of 0.92.
This result confirms its flexibility to describe diverse
trends for parameters that have a shape greater than 3.6.

Due to its flexibility and adjustment alternatives, the
2 parameters Weibull function is considered the most
adequate for fitting different ecological groups that
compose the forest, and is successful for almost any kind
of distribution. The implicit projection models developed
from the probability functions provide an alternative for
management, as well as for characterizing the dynamics
of tropical forests. However, due the particularities of
each site, its efficiency for management will always
be a function of the forest manager needs, since it is
an important technique for forest science development
(Nascimento et al., 2012).

Conclusions

The species with the highest IVI were Sapium
marmieri Hub (Euphorbiaceae), Pseudolmedia murure
Standl. and Brosimum alicastrum Sw., (Moraceae).
Of the 30 species studied in the riparian forest of Rio
Acre, 16 showed a diametric distribution with a positive
asymmetric trend. The Weibull 2 function was more
suitable for estimating diametric classes and their
frequency in the riparian forest, as it showed greater
adherence to the data.

9de 10

Acknowledgments and funding source

Projeto Ciliar S6-Rio Acre (edital n° 27/2008) and
programa de Pdés Graduagdo de Ciéncias Florestais da
Universidade de Brasilia (UnB).

References

Acre. Zoneamento ecologico-econdmico: recursos naturais ¢ meio
ambiente: documento final. Rio Branco: SECTMA, 2010. 116 p.

Alvares, C. A. et al. Koppen’s climate classification map for Brazil.
Meteorologische Zeitschrift, v. 22, n. 6, p. 711-728, 2014. http://
dx.doi.org/10.1127/0941-2948/2013/0507.

Aragdo, L. E. O. C. The rainforest’swater pump. Nature, v. 489, n.
17, p. 217-218, 2012. https://doi.org/10.1038/nature11485.

Aratijo Junior, C. A. et al. Projecdo da distribuicdo diamétrica
de povoamentos de eucalipto em diferentes amplitudes de classe.
Pesquisa Agropecuaria Brasileira, v. 45, p. 1275-1281, 2010.

Araujo, H. J. B. Alteragdes causadas por incéndio florestal na
composicdo de espécies de uma floresta priméria no sudoeste da
Amazoénia Brasileira. Gaia Scientia, v. 9, n.1, p. 220-231, 2015.

Araujo, H. J. B. & Silva, I. G. da. Lista de espécies florestais no
Acre: ocorréncia com base em inventarios florestais. Rio Branco:
Embrapa Acre, 2000. 77 p. (Embrapa Acre. Documentos, 48).

Binoti, D. H. B. et al. Descri¢do da distribui¢do diamétrica
de sistemas agrossilvipastoris utilizando as fungdes Weibull e
hiperbdlica. Revista Arvore, v. 36, p- 349-356, 2012. http://dx.doi.
org/10.1590/S0100-67622012000200016.

Binoti, D. H. B. et al. Redugdo dos custos de inventario de
povoamentos equidneos. Revista Brasileira de Ciéncias Agrarias, v.
8,n.1,p. 125-129,2013. https://doi.org/10.5039/agraria.v8i1a2209..

Brasil. Lei n° 12.651, de 25 de maio de 2012. Dispde sobre a
protegdo da vegetacdo nativa. Disponivel em: http://www.planalto.
gov.br/ccivil 03/ ato2011-2014/2012/1ei/112651.htm. Acesso em: 12
abr. 2021. Publicado originalmente no Diario Oficial da Republica
Federativa do Brasil, Brasilia, DF, em 25 de maio, 2012.

Cain, S. A. et al. Application of some phytosociological techniques
to Brazilian rain forest. American Journal of Botany, v. 43, p.
911-941, 1956. https://doi.org/10.1002/.1537-2197.1956.tb11184.x.

Campos, J. C. C. & Leite, H. G. Mensuracéo florestal: perguntas
e respostas. 4. ed. Vigosa, MG: Universidade Federal de Vigosa,
2013. 605 p.

Chambers, J. Q. & Artaxo, P. Deforestation size influences rainfall.
Nature, v. 7,p. 175-176,2017. https://doi.org/10.1038/nclimate3238.

Chaves, A. D. C. G. et al. Importancia dos levantamentos floristico
e fitossociologico para a conservacgdo e preservacdo das florestas.
Revista ACSA: Agropecuaria Cientifica no Semiarido, v. 9, n. 2, p.
42-48, 2013. http://dx.doi.org/10.30969/acsa.v9i2.449.

Pesq. flor. bras., Colombo, v. 42, €201902074, p. 1-10, 2022


http://dx.doi.org/10.1127/0941-2948/2013/0507
http://dx.doi.org/10.1127/0941-2948/2013/0507
https://doi.org/10.1038/nature11485
http://dx.doi.org/10.1590/S0100-67622012000200016
http://dx.doi.org/10.1590/S0100-67622012000200016
http://www.planalto.gov.br/ccivil_03/_ato2011-2014/2012/lei/l12651.htm
http://www.planalto.gov.br/ccivil_03/_ato2011-2014/2012/lei/l12651.htm
https://doi.org/10.1002/j.1537-2197.1956.tb11184.x
https://doi.org/10.1038/nclimate3238

10de 10

Conama. Resolug¢ao n° 429, de 28 de fevereiro de 2011. Disponivel
em: http://www.ibama.gov.br/sophia/cnia/legislacao/CONAMA/
RE0429-280211.PDF. Acesso em: 16 fev. 2021.

Condit, R. et al. Predicting population trends from size distributions:
adirect test in a tropical tree community. The American Naturalist,
v. 152, n. 4, p. 495-509, 1998. https://doi.org/10.1086/286186.

Curtis, J. T. & Mcintosh, R. P. An upland forest continuum in the
prairie-forest border region of Wisconsin. Ecology, v. 32, n. 3, p.
476-496, 1951. https://doi.org/10.2307/1931725

Flora do Brasil 2020 em construgdo. Rio de Janeiro: Jardim Botanico
do Rio de Janeiro, [2020]. Disponivel em: http://floradobrasil.jbr;.
gov.br/reflora/listaBrasil/ConsultaPublicaUC/ConsultaPublicaUC.
do#CondicaoTaxonCP. Acesso em: 10 ago. 2021.

Li, G. Genome-wide identification, phylogeny, and expression
analysis of the SBP-box gene family in Euphorbiaceae. BMC
Genomics, v. 20, n. 9, p. 1-15, 2019. https://doi.org/10.1186/
s12864-019-6319-4.

Lima, J. P. C. & Ledo, J. R. A. Dynamics of growth and fiameter
fistribution of gragments of native and planted forests in Southwestern
Amazon. Floresta e Ambiente, v. 20, n. 1, p. 70-79, 2013. http://
dx.doi.org/10.4322/floram.2012.065.

Lima, M. C. F. et al. Brosimum sp. da Amazo6nia: uma revisao.
Scientia Amazonia, v. 2, n.1, p. 20-27, 2013.

Machado, S. A. et al. Modelagem da distribui¢ao diamétrica de quatro
espécies de Lauraceae em um fragmento de Floresta Ombrofila
Mista. Revista Ciéncias Exatas e Naturais, v. 12, n. 1, p. 337-348,
2010.

Nascimento, R. G. M. et al. Modelo de projecao por classe diamétrica
para florestas nativas: enfoque na funcéo probabilistica de Weibull.
Pesquisa Florestal Brasileira, v. 32, n. 70, p. 209-219, 2012. https://
doi.org/10.4336/2012.pfb.32.70.93.

Orellana, E. et al. Modelagem da distribui¢do diamétrica de espécies
florestais em um fragmento de floresta ombroéfila mista. Revista
Arvore, v. 38, n. 2, p. 297-308, 2014. http://dx.doi.org/10.1590/
S0100-67622014000200010.

Pascal, J. Notions sur les structures et dynamique des foréts tropicales
humides. Revue Forestiére Francaise, v. 55, p. 118-130, 2003.
https://doi.org/10.4267/2042/5765.

Pesq. flor. bras., Colombo, v. 42, €201902074, p. 1-10, 2022

F. P. Ribeiro et al.

Ramalho, S. D. et al. Biologically active orbitides from the
Euphorbiaceae family. Planta Médica, v. 84, n. 9-10, p. 558-567,
2018. http://dx.doi.org/10.1055/5-0043-122604.

Rodrigues, E. et al. Ciliar Cabeceira: mata ciliar no Rio Purus. Rio
Branco: CNPq / UFAC, 2017. 262 p.

Rodrigues, E. et al. Ciliar Sé6 Rio: mata ciliar no Rio Acre. Rio
Branco: CNPq / UFAC, 2013. 240 p.

Salomao, R. P. et al. Analise fitossocioldgica de floresta ombrofila
densa e determinagdo de espécies-chave para recuperagdo de area
degradada através da adequacdo do indice de valor de importancia.
Boletim do Museu Paraense Emilio Goeldi, Ciéncias Naturais,
v.7,n. 1, p. 57-102. 2012.

Santos, E. S. S. et al. Distribuigéio diamétrica para Virola surinamensis
(Rol.) Warb na Floresta Estadual do Amapa-Flota/AP. Revista de
Biologia e Ciéncias da Terra, v. 13, n. 1, p.48-61, 2013.

Santos, R. O. et al. Distribuicdo diamétrica de uma comunidade
arborea na Floresta Estadual do Amapa, Brasil. Biota Amazonia,
v. 6, n. 2, p. 24-21, 2016. http://dx.doi.org/10.18561/2179-5746/
biotaamazonia.v6n2p24-31.

Schaaf, L. B. et al. Alteragdo na estrutura diamétrica de uma floresta
ombroéfila mista no periodo entre 1979 e 2000. Revista Arvore, v.
30, n. 2, p.283-295, 2006.

Silva, L. M. et al. Pesquisas coligadas da IX Reunifio Brasileira
de Classificacdo e Correlag¢iao de Solos: solos de formagdes
sedimentares em sistemas amazonicos: potencialidades e demandas
de pesquisa. Brasilia: Embrapa, 2019. 150 p.

Sokal, R. R. & Rohlf, F. J. Biometry: the principles and practice of
statistics in biological research. San Francisco: Freeman, 1969. 776 p.

Somashekhar M. et al. A review on family moraceae (mulberry) with
a focus on artocarpus species. World Journal of Pharmacy and
Pharmaceutical Sciences, v. 2, n. 5, p. 2614-2626, 2013.

Umaiia, C. L. A. & Alencar, J. C. Distribui¢des diamétricas da
floresta tropical umida em uma area no Municipio de Itacoatiara -
AM. Acta Amazonica, v. 28, n. 2, p. 167-190, 1998. http://dx.doi.
org/10.1590/1809-43921998282190.


http://www.ibama.gov.br/sophia/cnia/legislacao/CONAMA/RE0429-280211.PDF
http://www.ibama.gov.br/sophia/cnia/legislacao/CONAMA/RE0429-280211.PDF
https://doi.org/10.1086/286186
https://doi.org/10.2307/1931725
https://bmcgenomics.biomedcentral.com/
https://bmcgenomics.biomedcentral.com/
https://doi.org/10.1186/s12864-019-6319-4
https://doi.org/10.1186/s12864-019-6319-4
http://dx.doi.org/10.4322/floram.2012.065
http://dx.doi.org/10.4322/floram.2012.065
https://pfb.cnpf.embrapa.br/pfb/index.php/pfb/article/view/362/266
http://dx.doi.org/10.1590/S0100-67622014000200010
http://dx.doi.org/10.1590/S0100-67622014000200010
https://doi.org/10.4267/2042/5765
http://dx.doi.org/10.18561/2179-5746/biotaamazonia.v6n2p24-31
http://dx.doi.org/10.18561/2179-5746/biotaamazonia.v6n2p24-31
http://dx.doi.org/10.1590/1809-43921998282190
http://dx.doi.org/10.1590/1809-43921998282190

	_Hlk80912699

