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Abstract
Knowledge of the morphometric relationships of Amazonian species can contribute to forest-sustainable tree
management. The objective of this study is to describe and evaluate the morphometric relationships of 10 tree
species from a tropical forest managed in a second cutting cycle. Morphometric data were collected in a forest
located in the municipality of Itaúba (“Mato Grosso” state – MT, Brazil). In general, the DBH, Total Tree Height,
and commercial morphometric parameters were similar for the species, except for copaiba, which presented a
small value for minimum DBH, and low regeneration of the species in the area. The evaluated species showed a
high value of Canopy Shape (average CS = 1.28) and the value of Canopy Proportion was 44.87%, slightly lower
than those found in the literature. In the Salience Index, the data found ranged from 14 to 36, a result close to that
expected for tropical forests. The average Slenderness Ratio (SR) observed in the area indicated that the trees are
relatively robust and less prone to crown and trunk breaks. For the Salience Index, it was observed that the species
showed a reduction of the index with the increase of DBH. There was a positive response for the relationships
between variables evaluated, with 23.4% for the Canopy Diameter x DBH ratio (i.e., CD × DBH), 5.6% for the Canopy
Ratio × DBH (CR × DBH), and 18.8% for the Total Height (HT × DBH). The morphometric correlations obtained low
results (R²: 0.234; 0.056 and 0.188 respectively). However, the average correlation between Total Tree Height and
DBH was expected to be higher due to changes in tree growth due to the intervention carried out in the forest.
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1. Introduction

Used as a subsistence base for the local population
since periods that date back to before the colonization
by the Portuguese in Brazilian lands, the Amazon Forest
has a gigantic ecological, economic and social impor-
tance. When dealing specifically with the timber sector,
the forests that permeate the North and Midwest states
of Brazil – notably Pará and Mato Grosso – are an im-

portant source of jobs and wealth generation through
logging. Currently, Brazil has regulatory agencies whose
main objective is to define minimum parameters for the
sustainable use of forests, always aiming at rational ex-
ploitation that allows the forest to recover after certain
cycles of time. However, we still face a reality that lacks
details, suggestions, and information based on the sci-
entific knowledge that allows the truly sustainable use
of timber resources in the Amazon rainforest. Since the
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regulation of logging is defined by the Brazilian Forest
Code, the standard followed in the Sustainable Forest
Management Plans (SFMP) presents a cutting cycle that
varies between 25 and 35 years between interventions in
the forest, allowing removal of up to 30 m³/ there is.

This norm applies to a biome that has an approximate
surface of 5,015,067,749 km², corresponding to about
58.9% of the Brazilian territory, and which, despite hav-
ing small variations according to the legislation of each
state, does not have options that suit it. the highly het-
erogeneous features that can be found in different sites
within the Legal Amazon (Braz et al., 2014). The use of
fixed parameters for forest management ends up making
sustainable use impossible, which would be based on the
structure and treatments for each managed area, using
as information mainly the projected growth, stock, the
response of the area after exploitation, data that can be
obtained by monitoring the recovery of the area through
the implementation and monitoring of permanent plots
(Cola et al., 2022). However, in order to obtain more
complete results regarding the response of the forest to
management practices, we have as an option the study
of morphometric parameters, which are obtained with the
evaluation of the crowns that make up the forest strata.

The knowledge of the morphometric variables of the
trees, obtained through the analysis of data such as the
Diameter at Breast Height (DBH), height, and canopy
data, presents an important aspect in the management
and development of silvicultural interventions, a fact that
is highlighted when analyzing them if the reforestation
has a commercial objective. This type of planting is com-
monly developed with the use of exotic species such as
Eucalyptus and Pinus, but it is also relevant for native
forest management areas, both in the first and second
cutting cycles, which, like homogeneous areas, may ben-
efit from studies of prognosis and growth. Commonly,
Brazilian forestry is focused on the direct production of
wood, which is the main economic resource coming from
forests, whose final destination is to supply the demand
of large wood and fiber transformation industries. That
said, most forest inventory works are conducted in order
to quantify the growth and prognosis of usable woody
biomass (Orellana & Koehler, 2008), as the higher the
level of information obtained for the production of a cer-
tain area, the greater the can be the use of its productive
potential. Aiming at maximizing the growth increment
and, consequently, greater production of biomass, the
study of the morphometry of the trees makes it possible to
evaluate the ideal conditions for growth, living space, and
competition, in addition to other variables that influence
the dynamics of the forest (Costa et al. 2016).

According to Hasenauer (1997) the morphometry of a
tree and its derived variables are used to infer interdimen-

sional relationships, to reconstitute the space occupied
by each tree, its stability, vitality, and productivity, as well
as to judge the degree of competition to which each indi-
vidual was or is subject. In general, forestry researchers
have worked on the selection, creation, and adjustment
of mathematical models that serve to predict the biomass
in terms of easily obtainable variables (Sanquetta, 2002),
such as the Total Tree Height (HT) and the Diameter at
Breast Height (DBH) that can be correlated with variables
such as commercial tree height, crown height, and crown
diameter. Durlo and Denardi (1998) described the mor-
phometric variables as a crown proportion or percentage,
Slenderness Ratio, Salience Index, Canopy Shape, and
Coverage Index.

In Brazil, we still have few works that study such as-
pects and that seek to relate morphometric variables that
are easy to obtain, such as the Diameter at Breast Height
(Durlo, 2009). Authors such as Durlo and Denardi (1998),
Durlo (2001), Roman (2009), Nutto (2001), Condé et al.
(2013) and Selle and Vuaden (2010) produced studies
on the morphometry of native species, especially those
that occur in southern and southeastern Brazil. On the
other hand, Tonini and Arco-Verde (2005) worked on the
verification of the relationships between the main mor-
phometric indices of growth in diameter and height in
relation to the canopy of four species native to the Ama-
zon. If we focus on a point of great importance for future
forestry interventions, which are studies on the recovery
and dynamics of trees within a forest that is in the second
harvest cycle, we will see that the existing publications
dwindle in quantity and relevance – almost no studies
are found that aim to assess the morphometry of trees
in a forest after its exploitation and subsequent recov-
ery. With this in mind, the species Amescla (Trattinickia
burserifolia Willd), Angelim-Saia (Parkia pendula (Willd.)
Benth. ex Walp.), Cambará (Qualea paraensis), Canelão
(Nectandra cissiflora Nees), Cedrinho (Erisma uncina-
tum Warm), Copaı́ba (Copaifera langsdorffii), Cupiúba
(Goupia glabra), Farinha-seca (Albizia hassleri), Guar-
antã (Aspidosperma discolor ) and Leiteiro (Brosimum
lactescens (S.Moore) CCBerg) species of great relevance
and occurrence in the forests in the North/Northeast of
Mato Grosso, which commonly represent a substantial
portion of Sustainable Forest Management Plans (PMFS)
carried out in this region and which are targeted for ex-
traction and use in sawmills. The objective of the present
study was to evaluate the relationships between biometric
variables (DBH and Total Tree Height) and morphometric
variables (CP, SI, CI, CS and SR) of 297 trees from a
tropical humid “terra firme” forest that is in its second
cycle. harvest.
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2. Material and Methods

2.1 Description of the study area

The study area is located in the north of the state
of Mato Grosso, a region characterized by the Ama-
zon Forest, the study area is a humid tropical forest of
“terra firme”, described as Evergreen Seasonal Forest
(IBGE, 2012). Limited by coordinates E: 55º11´57´´ - N:
11º15´10´´ at an altitude of 283 meters; the climate of
the region according to the Köppen classification is Aw,
tropical, hot and humid, with an average annual rainfall
of 1974.5 mm/year, and an average annual temperature
of 24.7°C (lvares, 2014).

Data collection took place in a forest with an area of
1,413 ha that had already been logged at an intensity of
approximately 25 m³. ha-1 (about 5 trees.ha-1) in 1987,
that is, this forest is in the second harvest cycle. In this
area, 18 commercial tree species were inventoried, all
authorized for exploitation in a forest management project
approved by the state environmental agency (SEMA-MT).
Morphometric data were randomly collected from individ-
uals (diameter at breast height, measured at a distance
of 1.30 meters from the ground) of 10 forest species –
Amescla, Angelim-Saia, Cambará, Canelão, Cedrinho,
Copaı́ba, Cupiúba, Farinha-Seca, Guarantã, and Leiteiro.

Using a digital clinometer, the Total Tree Height (HT)
was collected, and the commercial height (HC), the Canopy
Length (CL) was calculated using the expression: CL =
HT - HC. The crown diameter (CD) was obtained through
measurements of four crown radii in fixed directions north
(R0o), south (R180o), east (R90o) and west (R270o) us-
ing a tape measure, taking as the center of the trunk and
moving away to the edge of the crown, being calculated
using the expression CD = [(R0o + R180o) + (R90o +
R270o)]/2, method adapted from Condé et al. (2013).

The Base tree traits are: CL is the Canopy Length (m);
CD: Canopy Diameter (m); HT is the Total Tree Height;
DBH is the Diameter at Breast Height. Calculated tree
traits: CP= (CL / HT) × 100 is the Canopy Proportion (%);
SR = HT / DBH is the Slenderness Ratio; SI = CD / DBH
is the Salience Index; CI=CD/HT is the Canopy Index;
CS= CD/CL is the Canopy Shape.

The following morphometric variables were used: Canopy
Insertion Height (HCI), Canopy Diameter (CD), Canopy
Proportion (CP), Slenderness Ratio (SR), Salience In-
dex (SI), Coverage Index (CI), and Canopy Shape (CS),
according to Burger (1939).

For the evaluation of the morphometric relationships
(CD as a function of DBH; CP as a function of DBH; HT
as a function of DBH) two different models will be used:
1) Linear Model and 2) Logarithmic Model, as shown in
the equations below, as used by Lima (2012) and Roman

(2009).

Y = β1 +β2 ×X + ε

Y = β1 +β2 × (LnX)+ ε

Where: Y represents the dependent variable to be
analyzed and × the independent variable.

The crown morphometric variables are considered
difficult to obtain, so it is necessary to develop equations
that estimate them, as a function of easily obtainable vari-
ables, such as the Diameter at Breast Height and Total
Height. To evaluate the existing correlations between
the morphometric variables and the diameter and height,
regression analysis was used, in which the potential in-
dependent variable was selected for a level of 5% error
and 95% probability.

3. Results and Discussion

3.1 Population Parameters

A total of 297 individuals of 10 species were evaluated,
which presented similar values for the median heights
analyzed in the stand parameters - they make up a forest
that has an average canopy of approximately 25 meters
with a commercial height of 14 meters. For the Diame-
ter at Breast Height, we can observe greater variation
in the mean, which fluctuates from 47 to 71 centimeters
in diameter (Table 1). For maximum data, Cupiúba and
Angelim-Saia had the highest DBH values (108.86 and
131.78 cm respectively), Cambará had the highest com-
mercial height observed at 20 meters until the insertion
of the first branch, followed by Guarantã with 19 meters,
while Guarantã had the largest individual sampled, with
a Total Tree Height of 39 meters, while the other species
ranged between 27 and 35 meters.

The Copaı́ba species, in turn, did not present individu-
als with DBH less than 57.93 cm. This data may indicate
that, after the first exploration in this area, the species did
not regenerate satisfactorily, and may present the need
for greater shading to develop optimally, or present slow
growth and low capacity to compete with more aggres-
sive species, such as Cambará and the Leiteiro. Another
factor that can influence Copaı́ba regeneration is the
high seedling mortality and negative recruitment rate (Re-
sende et al., 2003) in their study on the dynamics of the
species, Resende states that a positive correlation was
also observed between the canopy and the growth rate
of Copaı́ba seedlings, so it is a species that can suffer
from disturbances such as opening gaps.

Cambará was present in almost all diameter classes
found in the stand, making up the largest portion of the
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Table 1. Population parameters of ten species in ”terra firme” forest in 2nd harvest cycle.

Species IND. No. DBH HC HT

Min Average Max Min Average Max Min Average Max

Amescla 42 40.74 61.79 91.35 5 13.38 18 18 25.57 35
Angelim-Saia 19 42.02 65.84 131.78 12 14.26 18 20 25.32 33
Cambará 94 23.55 59.56 98.68 8 13.67 20 15 25.7 34
Canelão 16 35.97 50.77 75.76 11 06.14 17 19 23.88 32
Cedrinho 11 45.52 61.4 76.39 11 13 15 17 22 27
Copaı́ba 8 57.93 71.46 95.17 11 13.5 18 18 24.63 31
Cupiúba 35 39.79 71.57 108.86 8 12.23 15 18 26.83 34
Farinha-seca 14 54.11 62.96 74.48 9 12.21 16 19 23.57 31
Guarantã 22 47.43 67.31 92.31 11 14.55 19 14 24.64 39
Leiteiro 36 33.42 47.81 77.99 10 08.13 18 14 03.22 29

Overall Average 42.05 62.05 92.28 9.6 13.39 17.4 17.2 24.42 32.5

DBH: Diameter at Breast Height (cm); HC: commercial height (m); HT: Total Tree Height (m).

trees sampled, and was just not found in the range of 100-
110 cm in diameter. The Canelão was found in the first
five diameter ranges, as well as the Leiteiro. The Amescla
is well distributed in the diameter classes, similarly to
Cupiúba.

Cupiúba was present in 7 of the 9 diameter classes,
not occurring in classes 20-30 and 50-60 and together
with Angelim-Saia, they were the only ones that pre-
sented individuals in the class of 100-110. The presence
of individuals of Cupiúba only in the high ranges of diam-
eter class is corroborated by the results found by Braz
(2014) and Carvalho 1981) who state that in regions
of the dense forest the species is observed only in the
largest diameter classes, but can occur in the edges,
natural or farm clearings. Copaı́ba was found in only 4
diameter classes, with no individuals sampled in the 20-
30, 30-40, 40-50, and 70-80 ranges. Cedrinho occurred
only in the 40-50, 60-70, and 70-80 ranges, indicating low
regeneration, and these individuals are probably seed
carriers kept in the field in the management.

With the realization of PMFS in a forest, a series of
disturbances affect the balance of the area, mainly the
opening of gaps that are considered one of the most im-
portant factors in the regeneration of forests (D’Oliveira,
2009). Effects such as an increase in the availability of
light that reaches the forest floor, a reduction in the com-
petition of the roots for the death of trees, a temporary
increase in the availability of resources, a reduction in
soil relative humidity and an increase in temperature in
the understory after the opening of gaps can promote
the growth of forest species (D’Oliveira, 2009; Brown,
1993). The intensity of solar radiation that a tree receives
in its crown is a limiting factor for its growth, as there is
a positive effect on the growth of a tree when there is an

increase in the luminosity that falls on the crown (Souza,
2014; Baker et al., 2003). Studies already carried out on
the effects of canopy opening demonstrate how variable
growth can be within and between species in response
to gap opening (Miranda, 2018), Costa (2008) studying
the response of a forest to the intervention stated that he-
liophyte species (shade intolerant) showed growth three
times greater than the sciophytic (shade tolerant) species
during the forest monitoring period (1981-1997), but there
are species whose growth does not directly depend on
luminosity, but they can still benefit from the opening of
the canopy, either naturally or by wood extraction.

Miranda (2018), Carmo (2018), Souza (2014) and
Costa (2008) presented data that indicate that forest ex-
ploitation carried out in the Amazon rainforest ends up
promoting the growth of trees, mainly affecting the gain
in diameter of the trees. species that respond positively
to higher incidence of luminosity. It can be said that for
the area in question, the execution of PMFS ended up
providing a more favorable area for the regeneration of
Cambará, Leiteiro and Canelão, which in this sampling
presented higher numbers than the other species. Cam-
bará, in addition to presenting relatively fast growth, is
an elastic species (Miranda, 2018), that is, it has optimal
growth when exposed to favorable conditions such as
those offered by the opening in the canopy. In this way,
either by a greater number of propagules in the area.

3.2 Morphometric Variables

Canopy Proportion (CP). In relation to Canopy Pro-
portion, it can be observed that the highest values were
presented by the species Amescla, Cambará and Cupiúba
(78.26%, 75.41% and 70.59%, respectively), therefore,
these species present most of their morphometric con-
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Figure 1. Frequency of individuals
per diameter class per species in
the Amazon Forest in the second
harvest cycle. The colors are the
evaluated species.

stitution in the canopy shape, The Copaı́ba, Canelão,
Leiteiro and Guarantã in turn showed values close to
50% of Canopy Proportion. Durlo and Denardi (1998)
studying the Cabralea canjerana found values similar to
those of this study – variation from 10% to more than
80% of the Canopy Proportion, with the population aver-
age being 50%. The authors attribute this amplitude to
the competition to which the trees are submitted, but the
variation may be due to the dimensions of the individuals.
The authors also emphasize the importance of knowing
the influence of the variable on growth,

In the average parameters, the species are in similar
levels with a variation of 39.51% of the Leiteiro to 53.8%
of the Cupiúba, while in the minimums the Cambará
has the lowest CP (6.67) probably due to the greater
presence of the species in the lower diameter classes
and the average Canopy Proportion of all individuals
sampled was 44.87%. The values found can be seen in
Figure 2.

According to Roman (2009), the CP variable is a good
indicator of vitality and the higher the percentage, the
more productive the tree can be. When studying Louro-
Pardo (Cordia trichotoma (Vell.)), they found an oscillation
from 26.2% to 76.7%, a fact that can be explained by the
existence of different degrees of competition to which the
trees are subjected and also by the dimensions of the
samples sampled.

Durlo (2001) found an Average Canopy Proportion
of around 49.2% for Cabralea canjerana (Vell.) Mart.
in secondary forest in the state of Rio Grande do Sul.
Orellana and Koehler (2008) verified an average Canopy
Proportion of around 55.2% for 50 trees with DBH > 10
cm of Ocotea odorifera (Vell.).

Salience Index (SI). The SI variable indicates how
many times the crown diameter is greater than the stem
diameter (DBH) and in this study the Angelim-Saia species
presented the highest values with 61.93, followed by an

approximate value of 40 for Amescla, Cambará, Cupiúba
and Leiteiro, as can be seen in Figure 2. Evaluating the
average parameters, the only species that stands out
from the others is the Angelim-Saia, whose average SI
was 36.7 – that is, its crown is 36.7 times larger than the
DBH, which can be explained by the fact that the Angelim
is an emerging species, which can reach up to 40 meters
in height (Lorenzi, 2009) and occupy the upper stratum
of the forest. In this situation, having a wide canopy like
the one described does not cause damage to the tree, as
competition for light is lower.

Tonini and Arco-Verde (2005) found values of 50.30
for Castanheiras trees, 14.7 for Andiroba trees, 32.3 for
Ipê Roxo trees and 33.1 for jatobá, in a study carried
out in homogeneous planting in the experimental field
of Embrapa Roraima, at 7 years old. deity. Durlo and
Denardi (1998) found a mean SI of 21.70 for Cabralea
canjerana, in a study carried out in native secondary
forest in the state of Rio Grande do Sul, while Orellana
and Koehler (2008) detected a value of 39.20 for Ocotea
odorı́fera, in a remnant of Ombrophilous Forest. Mixed,
in Paraná. Dionisio (2018) when evaluating the effect of
thinning on teak morphometry, did not find a significant
relationship between the thinning intensities tested and
this variable.

The Salience Index can be used to deduce the maxi-
mum number of individuals that would occupy a hectare,
without competition as stated by Stampfer (1995), so it
can be used as an indicator of thinning and according
to Durlo and Denardi (1998) used to determine at any
time the space that needs to be freed up around a tree
for it to grow without competition. According to Durlo
and Denardi (1998), the lower this index in a stand, the
greater its basal area and probably its volume per hectare.
According to Wadsworth (2000) the Salience Index in nat-
ural tropical forests varies between 14 and 28 – in this
study, a greater range of value was observed, ranging
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Figure 2. Canopy Proportion (CP),
Slenderness Ratio (SR), Salience
Index (SI), compared to Diameter
at Breast Height (DBH) and Canopy
Area (CA) for the analyzed species.

from 14 to 36.

Slenderness Ratio (SR). The species that presented
the highest Slenderness Ratio was the Cambará (95.78),
which indicates that it is the species in which the individu-
als are under a greater degree of competition during their
growth. The other species mostly presented maximum
Slenderness Ratio values between 40 and 60 (Figure 2).
High values, close to 100, indicate very unstable trees,
subject to trunk and crown breakage if exposed to strong
winds (Tonini & Arco-Verde, 2005). Evaluating homoge-
neous stands, Tonini & Arco-Verde (2005) indicate that
when the SR of the trees is greater than 100, a thinning
operation should be carried out, aiming to favor certain
individuals and promote diametric growth. The effect of
management tends to reduce the Slenderness Ratio be-
cause, with the opening of the gaps, the diametric growth
of the remaining trees is promoted, Evaluating homoge-
neous stands, Tonini and Arco-Verde (2005) indicate that
when the SR of the trees is greater than 100, a thinning
operation must be carried out, aiming to favor certain
individuals and promote diametric growth. The effect of
management tends to reduce the Slenderness Ratio be-
cause, with the opening of gaps, the diametric growth of
the remaining trees is promoted, as shown by Miranda
(2018) in her study of dendrochronology of Cambará and
Carmo (2018) who studied the effects management of
the properties of copaiba wood.

When studying Louro-Pardo (Cordia trichotoma) Ro-
man (2009) observed that the individuals that presented
the highest values of SR were those that were submitted
to a high degree of competition and their crowns were
located in the middle stratum of the forest. In this study,
the most stable species in the area is the Copaı́ba, which
has the lowest Slenderness Ratio - explained by the

Copaı́ba individuals being present only in the larger di-
ameter classes, representing mature trees, with reduced
apical growth and increased diameter growth, in the oppo-
site situation to the blond-pardo studied by Roman. In his
work, Condé (2013) found the following slenderness de-
grees for Andiroba (79.34), Castanheira-do-Brasil (56.96),
Copaı́ba (47.70), and Mahogany (66.79) in agroforestry
systems in Roraima. The data found by Condé were
higher than those obtained in this study, most likely due
to the environmental and competition differences found
between an already managed forest and plantations in
Agro-Forestry Systems (AFS). For this study, it can be
expected that the result of the Slenderness Ratio would
be even more discrepant if the forest had not passed
through the PMFS.

The Cambará Slenderness Ratio may indicate that
the trees were at a higher level of competition with other
trees, possibly vying for space in the gaps opened by pre-
vious selective logging. The presence of gaps (Oliveira,
1998) and high regeneration can result in a large number
of trees in the lower diameter classes, with tall and thin
trees, with small crowns, possibly located in the middle
stratum and subjected to greater competition, so similar
to the results of Roman (2009) for the Louro-Pardo. If
we observe the average values of SR, we will see that
all the evaluated species are in a close range – 34 to 48,
which may indicate that the trees are in a similar state of
competition in the area, lower than that found by Dionisio
when studying 7-year-old teak (Tectona grandis) planta-
tions (SR 0.86 to 1.12), Orellana (2008) found SR values
for Canelão-sassafras (Ocotea odorifera) in a remaining
mixed ombrophilous forest that ranged from 0.3 to 0.6,
which are close to the data obtained in this study. At the
population level, the forest followed the pattern proposed
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by studies carried out by several researchers such as
Tonini and Arco-Verde (2005) and Roman (2009) who
propose that the tendency of the Slenderness Ratio is to
reduce as the diameter increases, as shown in the graph
below (Figure 3-A).

Coverage index (CI). Cambará and Copaı́ba species
did not present much variation (CV% = 27.96 and 21.87%)
while Cupiúba presented a high value (46.14%), due to
higher values of crown diameter presented by the species
in some individuals. The tendency presented by the Cov-
erage index is to increase with the growth in diameter,
as demonstrated by Durlo (2001) in a study of Cabralea
canjerana, where it was verified that as the trunk thick-
ens, the rates of increase in canopy diameter increasingly
exceed those of height. Dionisio (2018) found a differ-
ent reason for Tectona grandis after the occurrence of
thinning – a trend of increasing canopy diameter was
observed proportionally with increasing height. Costa et
al (2009), studying Brazil Nuts in Agro-Forestry Systems
(AFS) in Central Amazonia, found that the IC tended to
decrease with height and increase with increasing diam-
eter, which consistent with the results found in this study
(Figure 4).

The species that showed the highest CI was Cupiúba
with a value of 1.74, as they are the trees that have
the largest crown diameter, which usually grows inversely
proportional to the height development of the trees (Durlo;
Denardi, 1998; Roman et al., 2009). This indicates that
for the species, crown development continues to occur
as the tree ages. For the stand analysis, the results were
correlated to those described by the authors mentioned
above – as the DBH increased, the IC tended to increase
proportionally (Figure 3-B). A similar situation occurs with
the Angelim-Saia, which presented a CI of 1.42, which
demonstrates a large crown and continues to grow – also
confirmed by the high value of Canopy Proportion found
for the species, in addition to presenting the highest mean
value of CI.

Cambará presented the lowest value of CI indicating
that it is possibly the species that has the highest height
development of the species evaluated in the study and
that its crown development has a behavior inversely pro-
portional to height development – the taller the tree, the
lower the Coverage index. Orellana and Koehler (2008)
in a study on Ocotea odorifera, the highest values of Cov-
erage index were found in the dominant trees in the stand,
whereas Roman (2009), studying Cordia trichotoma, ver-
ified the occurrence of a tendency to increase the CI
according to the thickening of the trees. trees. As previ-
ously mentioned, authors such as Miranda (2018) and
Carmo (2018) evaluated that carrying out PMFS in areas
of the Amazon Forest promotes a diameter increase in
species.

Figure 3. A - Graph of the relationship between Slender-
ness Ratio (SR) and DBH for the sampled species. B -
Relationship between the Coverage index and the DBH
for the evaluated species. C - Graph of the relationship
between Canopy Shape and DBH.
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Figure 4. Canopy Shape (CS) and
Coverage index (CI), compared to
Diameter at Breast Height (DBH) for
the analyzed species.

Canopy Shape (CS). Most of the species addressed
in this study had lower average values of Canopy Shape,
which indicates the presence of ’intermediate’ crowns
between rounded and elongated. In turn, Angelim-Saia
presented the highest average values of Canopy Shape -
which indicates that the crown continues to develop to a
rounded and flattened shape as it ages, adopting a tabu-
lar aspect of easy identification, information corroborated
by the SR and CP data.

Copaı́ba presented average data similar to those
found by Condé (2013), who detected average values of
1.79 for Copaı́ba in agroforestry systems in Rondônia. A
tree that has a slender crown (smaller Canopy Shape)
tends to be more productive, either for fruit production
as for Brazil nut (Tonini et al., 2008) or for growth, as
demonstrated by Durlo and Denardi (1998) that mention
that considering the same species and site, the smaller
the Canopy Shape, the better the productivity, which is
due to the relationship between the crown mantle and
the crown projection area, so if two trees of the same
species have the same diameter of canopy, the one with
the slender canopy will produce more, as it will have a
greater canopy mantle, for the same projection area.

Studying Brazil Nuts (Bertoletia excelsa) in homoge-
neous plantations and Roraima, Tonini and Arco-Verde
(2005) identified a CS around 0.86, characterizing a ten-
dency of the species to develop slender crowns. Dionisio
(2018) observed that teak (Tectona grandis) in homoge-
neous planting, presented average values of CS of 0.45.
Durlo and Denardi (1998) evaluating Cabralea canjer-
ana found CS values of 0.74 in fragments of seasonal
deciduous forest. Tonini and Arco-Verde (2005) in a
study on the morphometry of Amazonian species in AFS
observed values of 0.3 for Andiroba, 0.86 for Castanheira-

do-Brasil, 0.73 for Ipê-Roxo and 0.79 for Jatobá. In these
studies, more slender canopies were observed, both in
homogeneous plantations, AFS and secondary forests
in the south of the country. The results were different
from those found in this work (Figure 4), where the av-
erage of the sampled species was 1.28 higher than that
described by other authors. This indicates that the evalu-
ated forest, which is in the second harvest cycle, has a
tendency to present more rounded and flattened crown
trees. Analyzing the effect of thinning on teak plantations,
Dionı́sio (2018) stated that thinning with a 40% reduction
in the basal area caused a significant increase in Canopy
Shape values when compared to the control. Significant
correlations between the increase in diameter and canopy
lighting were found by Finegan (1999) and this is where
the importance of the Canopy Shape is found, because
the lower the index and the slenderer the canopy, the
better the degree of lighting received by the tree, and
so, growth is promoted. This indicates that the evaluated
forest, which is in the second harvest cycle, has a ten-
dency to present more rounded and flattened crown trees.
Analyzing the effect of thinning on teak plantations, and
canopy, the better the degree of lighting received by the
tree, and so, growth is promoted.

Costa (2016) found that for araucaria (Araucaria an-
gustifolia), the Canopy Shape is strongly altered with
growth - increasing age and the degree of competition
change the shape of the araucaria canopy. In young
trees with growth in height proportionally greater than the
lateral growth of the branches, the crown assumes char-
acteristics of a conical shape (smaller Canopy Shape).
When the increase in height decreases, the canopy takes
on an ellipsoidal shape and at a more advanced age,
when reaching maturity, it reaches an almost flat or um-
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bel shape (large Canopy Shape). Evaluating the graph
that shows the relationship between DBH and CS (Figure
3-C), we can observe that as DBH increases, there is
a tendency to increase the Canopy Shape; the smaller
the DBH, the smaller the Canopy Shape, demonstrating
that there may be a behavior similar to that reported by
Costa (2016) for Araucaria – a tendency to change the
Canopy Shape as the tree ages and grows in diameter.
This tendency to change the shape of the canopy can be
affected by the effect of opening gaps, as evaluated by
Hubbell and Foster (1986) when studying gap formation
and development – in the final phase of growth, the re-
generants reach the canopy and predominance occurs.
of the diameter growth and the lateral expansion of the
crown, or even by the action of the forest management
carried out previously in the area.

3.3 Morphometric Relationships

3.3.1. CD ratio as a function of DBH
Analyzing the forest as a whole, the mathematical

model that best explained the behavior of the canopy
diameter ratio as a function of Diameter at Breast Height
was number 2 (logarithmic), with which a coefficient of
determination (R²) of 23.45% was obtained.

The mathematical model nº 1 (linear) was the one
that best expressed the behavior of the relationship be-
tween the crown diameter as a function of the Diame-
ter at Breast Height for Cambará. In turn, model nº 2
(logarithmic) was able to better express the behavior of
this relationship for Cupiúba (Table 2). The analysis of
Copaı́ba, Angelim-Saia and Farinha-seca was unable to
find a relationship between the data, resulting from the
smaller number of individuals sampled.

The highest coefficient of determination found in the
analysis of the relationship between CD and DBH was
from Cupiúba (R² = 0.476), better expressing the behavior
of the data, followed by Cambará (R² = 0.388). For most
species, the logarithmic model was the most significant in
the correlation analysis. Evaluating Cordia trichotoma in
an induced forest fragment, Roman (2009) found positive
correlations between DBH and canopy diameter (using a
logarithmic model), as expected in the study, with an R²
of 0.61, higher data than those found in this study.

3.3.2. CP ratio as a function of DBH
For the evaluated species, the Angelim-Saia, Leiteiro,

Cupiúba, and Guarantã presented positive and significant
correlations between the Canopy Proportion (CP) and
the DBH, and the model that best expressed the behavior
of the relationship between the variables of Angelim-Saia
and Cupiúba number 2 (logarithmic) and for Leiteiro and
Guarantã, the model that best explained the variations
was number 1 – the same result found for the population
analysis (Table 3).

Table 2. Correlation models (DC × DBH) were selected
for the species and their coefficient of determination.

Species Model R²

Population CD = -23.2557 + 9.005741 (LnDBH) 0.234
Amescla CD = -14.5401 + 7.018024 (LnDBH) 0.167
Angelim-Saia CD = 22.39586 + 0.00438 (DBH) -0.0586
Cambará CD = 4.152463 + 0.142394 (DBH) 0.388
Canelão CD = -14.5463 + 6.707969 (LnDBH) 0.212
Cedrinho CD = -34.2794 + 11.36402 (LnDBH) 0.197
Copaı́ba CD = 5.306553 + 0.16442 (DBH) 0.053
Cupiúba CD = -46.7083 + 14.65721 (LnDBH) 0.476
Farinha-seca CD = -6.29432 + 4.926682 (LnDBH) -0.039
Guarantã CD = 4.955039 + 0.0653863 (DBH) 0.0241
Leiteiro CD = 2.73025 + 0.160921 (DBH) 0.217

Table 3. Correlation models (PC × DBH) were selected
for the species and their coefficient of determination.

Species Model R²

Population CP = 35.40858 + 0.155221 (DBH) 0.056
Amescla CP = 31.34832 + 3.852315 (LnDBH) -0.0192
Angelim-Saia CP = -14.3543 + 102.4854 (LnDBH) 0.105
Cambará CP = 41.21372 + 0.06786 (DBH) 0.0012
Canelão CP = -23.9363 + 16.52136 (LnDBH) 0.294
Cedrinho CP = 2.363933 + 9.240638 (LnDBH) -0.0614
Copaı́ba CP = 22.5087 + 0.300753 (DBH) -0.015
Cupiúba CP = 1.5939 + 12,201 (LnDBH) 0.102
Farinha-seca CP = -18.4954 + 15.9342 (LnDBH) -0.033
Guarantã CP = 29.1834 + 0.159872 (DBH) 0.0163
Leiteiro CP = 24.41519 + 0.315667 (DBH) 0.104

Table 4. Correlation models (HT × DBH)

Species Model r²

Population HT = -6.40801 + 7.691193 (LnDBH) 0.188
Amescla HT = -16.2567 + 10.20047 (LnDBH) 0.253
Angelim-Saia HT = 49.75597 - 5.88477 (LnDBH) 0.158
Cambará HT = 17.2972 + 0.13459 (DBH) 0.22
Canelão HT = =0.16683 + 6.162158 (LnDBH) 0.083
Cedrinho HT = 18.59595 + 0.055436 (DBH) -0.0507
Copaı́ba HT = -35.533337 + 14.1476558 (LnDBH) 0.302
Cupiúba HT = -23.2577 + 11.84733 (LnDBH) 0.552
Farinha-seca HT = 15.13771 + 0.13396 (DBH) 0.0043
Guarantã HT = 19.33841 + 0.078712 (DBH) 0.0059
Leiteiro HT = 15.55123 + 0.135469 (DBH) 0.109
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In his study with Trichotomy cord, Roman (2009)
found R² values equal to 0.41 for the correlation between
Canopy Proportion and DBH. In this study, the correlation
value was lower, with the standing average being 0.056,
while the species that presented the highest correlation
between these factors was the Canelão with 0.294.

3.3.3. HT ratio as a function of DBH
For Cambará, Farinha Seca and Leiteiro species, the

model nº1 (linear) was the one that best expressed the be-
havior of the relationship between Total Tree Height and
DBH. As for the population, Cupiúba, Canelão, Angelim-
Saia, and Amescla, the most suitable model was number
2 (logarithmic), which also presented the highest coeffi-
cient of determination of the analysis (R² = 0.552) (Table
4). In turn, species such as Cedrinho, Farinha-seca,
and Guarantã showed no significant correlation, a fact
that may be caused by the small number of individuals
sampled.

Roman (2009) states that the relationship between.
Total Tree Height and DBH usually present a good corre-
lation, but it is dependent on the sociological position of
the tree, differing between trees according to the position
they occupy in the stand and in the case of equine forests,
the differentiation starts when the stand reaches the point
of canopy intertwining and increased competition.

4. Conclusions

Due to the PMFS that occurred in the area, some
species must have presented a better response to the
opening of gaps and this may have influenced the corre-
lations between biometric (DBH and Total Tree Height)
and morphometric variables. Significant statistical rela-
tionships were found between morphometric and biomet-
ric variables. According to the morphometric variables
observed, PMFS promoted diametric growth in the re-
maining trees. The Canopy Shape found shows that the
trees in the forest have a rounded and flattened crown.
The Slenderness Ratio showed that, on average, the
trees sampled are stable and not prone to crown or trunk
breakage.

The wide range of variation in the morphometric char-
acteristics found among the species studied shows the
need for further investigation about the variables and their
correlations in tropical forests, not only with the dimen-
sions of the trees, but also with other factors of great
influence, such as site and cycle. of forest harvest. This
information can guide practices for more efficient man-
agement.

Acknowledgements

We would like to thank the Brazilian research insti-
tutions: CNPq (Conselho Nacional de Desenvolvimento
Cientı́fico e Tecnológico) and CAPES (Coordenação de
Aperfeiçoamento de Nı́vel Superior) for development sup-
plies.

References

Alvares, C. A., Stape, J. L., Sentelhas, P. C., Gonçalves,
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terra firme na floresta nacional do tapajós após a
colheita de madeira. Revista de Ciências Agrárias
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