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Prediction of diametric and dynamic structures in a semiarid forest
(Caatinga) area submitted to Forest Management, Brazil1

Dynamics studies associated with prognosis can support planning actions for the conservation and sustainable use
of forest resources. Therefore, the objective of this study was to evaluate the dynamics and predict the diameter
structure using the Markov chain model for an area of caatinga forest submitted to different management practices. The
study was carried out in the Contendas do Sincorá National Forest in the state of Bahia. Four treatments were installed,
corresponding to three management systems and one control. Data was obtained measuring all individuals with a
diameter greater than or equal to 5 cm. The measurements were performed at two moments in 2015 and 2018. The results
indicated that the selective cut-by-diameter treatment had the lowest mortality rate and the highest recruitment rate.
Predictions of the diameter structure using the Markov chain do not generally present statistical differences (α

0.01
)

between the observed and expected frequencies for the year 2018. It was concluded that the basal area showed a
tendency for recovery and growth in the treatments which involved suppression compared to the control, with no
statistically significant differences among treatments until the moment after intervention.

Keywords: Markov chain; forest dynamics; Contendas do Sincorá National Forest; prognosis.

Adriano Castro de Brito2, Alessandro de Paula3* , Patrícia Anjos Bittencourt Barreto-Garcia3,
Deoclides Ricardo Souza4, Robson Borges de Lima5

10.1590/0034-737X202269010012

This is an open access
article under the CC BY

license Creative Commons

INTRODUCTION

The Caatinga biome occupies an area equivalent to
11% of the Brazilian territory and encompassing most of
the Northeast states and the North of Minas Gerais (Guer-
ra et al., 2014; IBGE, 2019). In addition, this biome is
considered a unique ecosystem, presenting a significant
number of rare and endemic taxa (Ferraz et al., 2013; Perei-
ra Junior et al., 2014). The caatinga also presents a great
diversity of phytophysiognomies due to different
precipitation and soil patterns (Pereira Junior et al., 2014).

Despite some studies already having been conducted,
little is known about understanding the Caatinga,
especially how to use the available forest resources offered
by this biome in order to maintain its regeneration cycle
and thus be exploited once again (Vasconcelos et al., 2017).
Garlet et al. (2018) highlighted that one of the main

exploitive actions of Caatinga vegetation is removing
firewood. Campello (2019) revealed that firewood has a
33% share in the energy matrix of the Northeast region,
often it being removed through unsustainable exploitation.

However, one way of using the available resources in a
sustainable way is through implementing sustainable forest
management, as provided by law in Brazil (no. 11,284, dated
03.20.2006, Article 3). Management practices seek to obtain
economic benefits, in social and environmental aspects,
while respecting the mechanisms which support the
ecosystem, as well as continuous obtaintion of products
and service goods which the forest can offer, ensuring its
productive capacity (Brazil, 2006; Gariglio et al., 2010).

One way to sustainably assist forest planning is
through production models. It is possible to predict
important information for making management decisions
by applying growth models (Peng, 2000).
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The Markov chain is one of the models used to evaluate
production in native forests. The Markovian method is a
stochastic process and assumes that a tree of a given
diameter class is likely to move to another class starting
from its current state (Lana et al., 2015).

The Markov chain has also been applied in modeling the
dynamic processes of native forests to conduct projections
of the forest structure (Souza &  Soares, 2013). The study of
dynamics is based on the idea of recruitment, mortality and
growth over time; therefore, studies on dynamics can provide
understanding on the processes through which changes occur
in both species levels and in the forest community as a whole
(Figueiredo Filho et al., 2010).

Given the above, the present study aimed to evaluate
the forest dynamics and predict the diameter structure in a
Caatinga area submitted to different forest management
practices.

MATERIAL AND METHODS
The study was carried out in the Contendas do Sincorá

National Forest (FLONA Contendas do Sincorá), located
in the municipality of Contendas do Sincorá, Bahia, Brazil,
at the coordinates: 13° 55' 21'’ south latitude and 41° 06' 57'’
West longitude (Figure 1). It is also possible to verify the
distribution of the experimental units and their respective
treatments used in Figure 1.

The climate of the region is semi-arid (BSwh) according
to the Köeppen classification, it being described as a hot

climate with scarce and irregular rains concentrated in the
summer. The average annual temperature is 23°C and rainfall
is between 596 mm and 679 mm per year, distributed between
the months of November to April (IBAMA, 2006). The soil
of the study area is Red-Yellow Argisol (IBAMA, 2006).
The vegetation is classified as Forest-steppe Savanna
(IBGE, 2012).

The work was carried out in a previously demarcated
area in which three experimental units with 16 plots each of
20 x 20 m were installed in 2015. Four treatments were also
installed in 2015, corresponding to three management
systems and one unmanaged Caatinga condition.

The first measurement was performed in the experi-
mental units in 2015 using a caliper by which all individuals
with a diameter at breast height greater than or equal to
5.0 cm (DBH = 5.0 cm) were measured at 1.30 m
aboveground from soil.

The treatments adopted were: a) shallow cut (SC) -
which consisted of felling all trees and shrubs; b) selective
cutting by minimum diameter (SCDBH) - felling all trees
with DBH greater than or equal to 5.0 cm; c) selective
cutting by species (SCS) - felling the three species of
trees with greater occurrence in the area (Commiphora
leptophloeos (Mart.) J. B. Gillett, Jatropha molissima
(Pohl) Baill and Pseudobombax simplicifolium A.
Robyns); and d) control (C) - corresponds to the
unmanaged Caatinga. Each treatment was distributed in
four replications within each sample unit.

Figure 1: Map of Location and distribution of experimental units, Contendas do Sincorá National Forest, Bahia, Brazil.
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It is worth mentioning that the Spondias tuberosa
Arruda and Myracrodruon urundeuva Allemão species
were not suppressed, as provided by law in treatments
involving cutting (Decree No. 15180, 2014). Thus, only
these species were considered for the purpose of
comparing the SCDBH treatment in order to verify the
effect of treatments on growth rates.

The second measurement of the experiment was
performed in 2018 following the same criteria as the first
survey in order to evaluate the dynamic processes. Thus,
the trees which left the system were computed, meaning
dead individuals and those which had entered and had
reached the established minimum diameter. An analysis
on the evolution of the basal area among treatments was
performed through Analysis of Variance (ANOVA) at 95%
probability.

Next, mortality rates, income and periodic increments
were calculated to assess forest dynamics.

The diameter growth, the annual periodic increment,
the mortality rate and the recruitment rate, was calculated
using the expressions of Souza & Soares (2013).

Next, the data obtained on the first (t0 = 2015) and
second (t+1 = 2018) measurement occasions were
considered to predict the diameter distribution. The
diameter distribution was projected for the years 2018 and
2021, and for 2018 it was compared with the actual
distribution obtained in the second measurement.

The transition probabilities (a
i
, b

i
, c

i
 and m

i
) related to

the transition between one state and another were
calculated for the recruitments into the matrix by the
expression [1].

In which:

P
ij 
= transition probability (a

i
, b

i
, c

i
 and m

i
);

n
ij 
= number of trees in state j, at time t+1, given in class i,

at time t;

n
i 
= total number of individuals in state i, in time t.

The matrix G was then obtained based on the transition
of each projection period, which means the probabilistic
transition matrix, and it was constructed as follows
(Buongiorno &  Michie, 1980):

In which:

G = probabilistic transition matrix;

i = diameter class;

a
i
, b

i
 and c

i
 = probabilities that a live tree will remain in the

same diameter class, change one class and/or change two
classes, respectively;

m
i
 = probability of trees die in the monitored period.

Therefore, the projection of the forest’s diametric
structure can be estimated for one stage (t+1) and for two
stages (t+2) using the expressions [2] and [3], respectively
(Buongiorno &  Michie, 1980; Azevedo et al., 1995).

N
1θ = G . N

0
 + C

1
                                                             [2]

N
2θ = G2 . N

0
 + C

2
                                                            [3]

In which:

N
1θ 

= number of predicted trees;

G = probabilistic transition matrix;

N
0
 = frequency of the number of trees per diameter class

(t);

C
1
 = column vector of the number of trees entered.

Thus, the estimated diameter distribution for 2018 and
2021 was verified to evaluate the forecasts based on the
projections of the diameter class distributions through the
Markov chain, while for 2018 it was observed from the
actual data collected in 2018. The Chi-squared statistical
test (X²) was used at 1% (á

0.01
) significance level for both.

The test assumes that: if the calculated X² is less than
the tabulated value, there is no significant difference
between the observed and predicted frequencies for the
diameter distribution in each diameter class.

It should be noted that the SC treatment in 2018 did not
present individuals within the inclusion limit. Therefore,
this information only refers to the SCDBH, SCS and the
control treatments.

RESULTS
Table 1 shows the behavior of the basal area before the

intervention, in the remaining stock and in the last
measurement period (2018). After the three years of
intervention it was found that there was no significant
difference among treatments for the basal area by analysis
of variance at 95% probability (Table 2).

Thus, it is noted that the basal area showed a growth
trend after three years, regardless of the type of intervention.

For dynamics, the control presented annual mortality
rates of 5.02% and recruitment rates of 5.10%. The mortality
rate in the SCS treatment was higher than the recruitment
rate, 12.78% and 5.84% respectively. The SCDBH treatment
had the lowest mortality rate (0.81%) and the highest
recruitment rate (29.28%) (Table 3).
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It was verified that there was an accentuated dynamic
in all performed treatments, meaning that there was entry
and exit movement of individuals in the system. This
movement was largely due to mortality and recruitment
rates.

The registered mortality was higher in the SCS and the
control treatments with 73 and 26 individual.ha-1,
respectively. We highlight the high mortality rates in
individuals of Manihot catingae Ule (20.43%) for the SCS
treatment and Patagonula bahiensis Moric. (25.86%) in
the control treatment.

These high mortality rates may have been due to the
fact that these species are intolerant to high light incidence
or due to the very high competition which exists among
individuals, since the SCS and the control treatments
continued with a high density of individuals in their units
even after undergoing intervention.

The annual periodic increment (API) was 0.4097 cm.year-1,
ranging from 0.0333 cm.year-1 to 5.4 cm.year-1 for the species
inventoried in the control treatment. Meanwhile, the increase
for the SCS treatment was 0.2950 cm.year-1, ranging from 0.3333
cm.year-1 to 4.2667 cm.year-1. The SCDBH treatment showed
an increase of 0.0707 cm.year-1, varying from 0.3333 cm.year-1

to 0.1333 cm.year-1.
The values found in this study are similar to those

obtained in the experimental stations which compose the
Caatinga forest management network. These showed a
variation in the average annual increment between the ex-
perimental units from 0.03 to 10.9 m³ (Riegelhaupt et al.,
2010).

The species which showed the highest increase rate in
the control treatment were: Commiphora leptophloeos
(Mart.) J.B. Gillett (2.6 cm.year-1); Cordia americana (L.)
Gottschling & J.S.Mill. (1.7 cm.year-1); and Pseudobombax
simplicifolium A. Robyns (1.3 cm.year-1).

The species which showed the highest increase rate
for the SCS treatment were: Handroanthus selachidentatus
(A.H.Gentry) S.Grose (0.79 cm.year-1); Coccoloba alnifolia
Casar. (0.77 cm.year-1); and Mimosa acutistipula var. ferrea
Barneby (0.67 cm.year-1).

When comparing the influence of treatments on the
growth dynamics of the Myracrodruon urundeuva and
Spondias tuberosa species (the only ones present in the

three treatments), it was observed that the SCS most
influenced the increase in diameter.

Regarding the projection of the diametric structure for
the monitored period, Tables 4, 5 and 6 showed the absolute
number of individuals and the changing behavior in the
number of individuals for the diameter classes according
to each treatment, with emphasis on the number of recruited
trees for the SCDBH treatment.

It appears that the mortality status (M) varied according
to each treatment, with the control presenting 26
individuals during the monitored period. In addition, the
highest concentration (46.15%) was in the first diametric
class. For the SCS treatment, state (M) had 73 individuals,
as 71.23% of those which left the system belonged to the
first class. For the SCDBH treatment, the state (M)
presented only two individuals, corresponding to 0.04%,
with all belonging to the first diametric class.

The initial transition probability matrix for each
treatment was obtained from the absolute values in Tables
4, 5 and 6, whose elements are presented in Tables 7, 8 and
9. It is also possible to observe the probabilities of a tree to
change, remain or leave the system according to the
diameter class in Tables 7, 8 and 9.

Table 1: Basal area dynamics in an experimental unit submitted to different forest management practices, Contendas do Sincorá
National Forest, Bahia, Brazil

Basal area Remaining basal area Basal area
(prior to the intervention) (2015) in 2018

CDAP 4.0962   1.1624* 2.1068
SCS 3.6503 1.5491 3.1740
C 3.5219 3.5219 3.7436

In which: C – Control (C1); SCS – Selective cutting by species (C2); SCDBH – Selective cutting by diameter (DBH > 5 cm) (C3). * Basal
area of the cut immune species.

Treatment

Table 2: Analysis of variance for the dynamics of the basal area
in 2018, Contendas do Sincorá National Forest, Bahia, Brazil

Variation cause GL S Q QM F

Treatments 2 3.45509 1.72755 0.58ns

Residual 6 1.77901 2.96502
Total 8 5.2341 -

Table 3: Estimate of the analyzed parameters in the monitoring
carried out in 2015-2018, Contendas do Sincorá National Forest,
BA, Brazil

2018
C SCS SCDBH

Mortality rate (%) 5.02 12.78 0.81
Entrance rate (%) 5.10 5.84 29.28
Annual periodic 0.4097 0.2950 0.0707
increment (cm.year-1)

In which: C – Control; SCS – Selective cutting by species; SCDBH –
Selective cutting by diameter (DBH > 5 cm).

Parameters
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In Table 7, the main diagonal of the control treatment
matrix shows that the probability of a tree in the 5-8 cm
diameter class remaining in the same class after three
years is 0.9071; the probability of the individual in this
same class growing to the next (secondary diagonal)
class of 8-11 cm is 0.0557; and the probability of a tree
die in this class (5-8 cm) in three years is 0.0371. The
same understanding follows for the SCS and SCDBH
treatments, and the transition probability matrix

elaborated for these treatments can be seen in Tables 8
and 9, respectively.

In Table 9, zero probability occurred in the classes of
the matrix main diagonal. This means that an absorbent
state occurred for projection purposes.

Looking at Tables 7, 8 and 9, a prediction of the diametric
structure was calculated, which it is a projection between
the classes of observed frequencies and the prediction for
each of the treatments.

Table 4: Number of trees which changed from state (i) to another state (j), in the control treatment by diameter class in the period
from 2015 (t) to 2018 (t+1), Contendas do Sincorá National Forest, Bahia, Brazil. In which: M = mortality; R = recruitment; and
Next = next class

States in 2015

I 6,5 9,5 12,5 15,5 18,5 21,5 24,5 27,5 30,5 >32 Next M

6,5   31 280 311

9,5   18 75 93

12,5 5 31 36

15,5 3 13 16

18,5 7 7

21,5 3 3

24,5 1 1

27,5 1 1

30,5 0 0

>32 1 1

Next 0

M   52 14 3 2 1 0 0 0 1 0 73

Total (t) 31 350   94 37 15 8 3 1 1 1 1 - - 542

S
ta

te
s 

in
 2

01
8

Class center
DBH

Total (t+1)

Table 5: Number of trees that changed from state (i) to another state (j) in the selective cutting treatment by species by diameter class
in the period from 2015 (t) to 2018 (t+1), Contendas do Sincorá National Forest, Bahia, Brazil. In which: M = mortality; R =
recruitment; and Next = next class

States in 2015

I 6,5 9,5 12,5 15,5 18,5 21,5 24,5 27,5 30,5 >32 Next M

6,5 27 293 320

9,5 18 79 97

12,5 6 30 36

15,5 14 14

18,5 5 5

21,5 6 6

24,5 2 2

27,5 2 2

30,5 2 2

>32 1 1

Next 0

M 12 10 3 1 26

Total (t) 27 323 95 33 15 5 6 2 2 2 1 - - 511

S
ta

te
s 

in
 2

01
8

Class center
DBH

Total (t+1)
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Tables 10, 11 and 12 show the number of trees by real
diameter class and predicted by the Markovian method for
the control, SCS and SCDBH treatment, respectively.

As observed by the chi-squared test (X²) at 95%
probability, there was no difference between the observed
and estimated frequencies for the prediction performed for
the year 2018 to the SCS, SCDBH and control treatments,
despite presenting some underestimates and overestimates
along the class centers.

The Markovian method proved to be efficient for the
projections, meaning that the predicted diameter distribu-
tion for each treatment is statistically equal to the real
distribution for the year 2018.

As observed in the prediction, the treatments are in
progress after the intervention with regarding basal area,
the recruitment of new individuals and the species growth,
which it suggests that the stock is being replenished after
three years from the recruitment of these new individuals.

Table 6: Number of trees which changed from state (i) to another state (j) in the selective cutting treatment by diameter (DBH > 5
cm) by diameter class in the period from 2015 (t) to 2018 (t+1), Contendas do Sincorá National Forest, Bahia, Brazil. In which: M
= mortality; R = recruitment; and Next = next class

States in 2015

I 6,5 9,5 12,5 15,5 18,5 21,5 24,5 27,5 30,5 >32 Next M

6,5 98 132 230

9,5 3 58 61

12,5 20 20

15,5 14 14

18,5 6 6

21,5 9 9

24,5 1 1

27,5 0 0

30,5 0 0

>32 0 0

Next 0

M 2 2

Total (t) 101 134 58 20 14 6 9 1 0 0 0 - - 343

S
ta

te
s 

in
 2

01
8

Class center
DBH

Total (t+1)

Table 7: Initial transition probability matrix (P) for the control treatment by diameter class in the period from 2015 to 2018,
Contendas do Sincorá National Forest, Bahia, Brazil. In which: M = mortality; R = recruitment; and Next = next class

States in 2015

I 6,5 9,5 12,5 15,5 18,5 21,5 24,5 27,5 30,5 >32 Next M

6,5 1 0,9071 0 0 0 0 0 0 0 0 0 0 0

9,5 0 0,0557 0,8316 0 0 0 0 0 0 0 0 0 0

12,5 0 0 0,0631 0,9091 0 0 0 0 0 0 0 0 0

15,5 0 0 0 0 0,9333 0 0 0 0 0 0 0 0

18,5 0 0 0 0 0 1 0 0 0 0 0 0 0

21,5 0 0 0 0 0 0 1 0 0 0 0 0 0

24,5 0 0 0 0 0 0 0 1 0 0 0 0 0

27,5 0 0 0 0 0 0 0 0 1 0 0 0 0

30,5 0 0 0 0 0 0 0 0 0 1 0 0 0

>32 0 0 0 0 0 0 0 0 0 0 1 0 0

Next 0 0 0 0 0 0 0 0 0 0 0 0 0

M 0 0,0371 0,1051 0,0909 0,0667 0 0 0 0 0 0 0 0

Total (t) 1 1 1 1 1 1 1 1 1 1 1 0 0

S
ta

te
s 

in
 2

01
8

Class center
DBH
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DISCUSSION
In the specific case of the SCS treatment, the fact that the

mortality rate is higher than recruitment does not necessarily
indicate that there was a decrease, but rather a response to
the type of intervention which occurred in this treatment. The
mortality rate behavior being higher than recruitment was
observed for other studies in different biomes and regions
(Oliveira-Filho et al., 2007; Pantaleão et al., 2008; Colpini
et al., 2010; Miguel et al., 2011; Santos et al., 2012).

Therefore, the results for mortality found in this study
corroborate those of Lingner et al. (2007), Shen et al. (2013)
and Sawczuk et al. (2012), who found that mortality rate
was directly influenced by the populations with the highest
density, showing the competition among individuals.

In analyzing two types of treatments (shallow cutting
with restriction and selective cutting by diameter > 3 cm)
in the Caatinga area in the municipality of Mossoró/RN,
Araújo &  Silva (2010b) verified trends in growth with a

Table 8: Transition probability matrix (P) for the selective cutting treatment by species by diameter class in the period from 2015
to 2018, Contendas do Sincorá National Forest, Bahia, Brazil. In which: M = mortality; R = recruitment; and Next = next class

States in 2015

I 6,5 9,5 12,5 15,5 18,5 21,5 24,5 27,5 30,5 >32 Next M

6,5 1 0,8 0 0 0 0 0 0 0 0 0 0 0

9,5 0 0,0514 0,7979 0 0 0 0 0 0 0 0 0 0

12,5 0 0 0,0532 0,8378 0 0 0 0 0 0 0 0 0

15,5 0 0 0 0,0811 0,8667 0 0 0 0 0 0 0 0

18,5 0 0 0 0 0 0,875 0 0 0 0 0 0 0

21,5 0 0 0 0 0 0 1 0 0 0 0 0 0

24,5 0 0 0 0 0 0 0 1 0 0 0 0 0

27,5 0 0 0 0 0 0 0 0 1 0 0 0 0

30,5 0 0 0 0 0 0 0 0 0 0 0 0 0

>32 0 0 0 0 0 0 0 0 0 0 1 0 0

Next 0 0 0 0 0 0 0 0 0 0 0 0 0

M 0,1486 0,1489 0,0811 0,1333 0,125 0 0 0 1 0 0 0

Total (t) 1 1 1 1 1 1 1 1 1 1 1 0 0

S
ta

te
s 

in
 2

01
8

Class center
DBH

Table 9: Transition probability matrix (P), for the selective cut treatment by diameter (DBH > 5 cm), by diameter class, in the period
from 2015 to 2018, Contendas do Sincorá National Forest, Bahia, Brazil. In which: M = mortality; R = recruitment; and Next = next
class

States in 2015

I 6,5 9,5 12,5 15,5 18,5 21,5 24,5 27,5 30,5 >32 Next M

6,5 0,9703 0,9845 0 0 0 0 0 0 0 0 0 0 0

9,5 0,0297 0 1 0 0 0 0 0 0 0 0 0 0

12,5 0 0 0 1 0 0 0 0 0 0 0 0 0

15,5 0 0 0 0 1 0 0 0 0 0 0 0 0

18,5 0 0 0 0 0 1 0 0 0 0 0 0 0

21,5 0 0 0 0 0 0 1 0 0 0 0 0 0

24,5 0 0 0 0 0 0 0 1 0 0 0 0 0

27,5 0 0 0 0 0 0 0 0 0 0 0 0 0

30,5 0 0 0 0 0 0 0 0 0 0 0 0 0

>32 0 0 0 0 0 0 0 0 0 0 0 0 0

Next 0 0 0 0 0 0 0 0 0 0 0 0 0

M 0 0,0149 0 0 0 0 0 0 0 0 0 0 0

Total (t) 1 1 1 1 1 1 1 1 0 0 0 0 0

S
ta

te
s 

in
 2

01
8

Class center
DBH
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higher increase rate to diameter for the selective cuting
treatment. Furthermore, when carrying out an experiment
in two areas in the state of Rio Grande do Norte, Araújo &
Silva (2010a) found that the largest increase was found to
diameter at the base (DAB > 8 cm) for the selective cutting
treatment.

In contrast, the work conducted by Pareyn et al. (2010)
in studying five treatments in a Caatinga area in the
municipality of Lagoa Salgada/RN found similar growth
rates for all treatments.

When studying an area in the municipality of Macau/
RN and applying four treatments, Araújo &  Silva (2010a)
found that there were differences among the treatments,
with the selective cutting treatment from above and below
diameter at the base presenting the highest increase rate.

It is noticed that the SCS treatment had the greatest
effect on mortality, most likely motivated by the

competition process which occurs among younger
individuals as the highest concentration occurred in the
initial diameter classes. Corroborating these results,
Teresczcuch et al. (2007) observed that dead trees were
also in the initial diameter classes after harvesting, when
verifying two harvesting methods.

Regarding the observed growth of new species through
recruitment, although some are tolerant to shading, they
still benefit from new openings which occur in the canopy
(Costa et al., 2007). Costa et al. (2008) stressed that
regardless of the intrinsic aspects of the species, light
entrance stimulates the growth of all individuals after harvest.

The differences detected in the projection for the first
diameter classes are considered common, since the greatest
dynamic process occurs in these classes (Lana et al., 2015).
Corroborating the results of this study, Austregesilo et al.
(2004) also found an underestimation in the first diameter

Table 10: Number of observed (No
t
) and predicted (Np

t
) trees per hectare by diameter class at time t, for t = 0 (2015), 1 (2018) and

2 (2021) and values of the Chi-squared statistic (X²) for the control treatment, Contendas do Sincorá National Forest, BA, Brazil

                                        Number of tress observed                              Number of predicted trees

No
0
(2015) No

1
(2018) Np

1
(2018) Np

2
(2021)

6,5 330 335 320 293
9,5 103 108 97 67
12,5 42 43 36 28
15,5 22 21 13 12
18,5 8 7 5 5
21,5 6 9 6 6
24,5 3 2 2 2
27,5 2 2 2 2
30,5 1 1 1 1
>32 1 1 1 1
TOTAL 518 529 483 416

X ²                                     10,53 -

Class center DBH

Table 11: Number of observed (No
t
) and predicted (Np

t
) trees per hectare by diameter class at time t, for t = 0 (2015), 1 (2018) and

2 (2021) and values of the Chi-squared statistic (X²) for selective cutting by species, Contendas do Sincorá National Forest, BA,
Brazil

                                     Number of tress observed                                     Number of predicted trees

No
0
(2015) No

1
(2018) Np

1
(2018) Np

2
(2021)

6,5 323 308 311 297
9,5 95 104 93 69
12,5 33 39 36 29
15,5 15 21 16 13
18,5 5 6 7 7
21,5 6 9 3 3
24,5 2 2 1 1
27,5 2 2 1 1
30,5 2 2 0 0
>32 1 1 1 0
TOTAL 484 494 469 421

X ² 17,29 -

Class center DBH
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class between the real and the predicted distribution when
studying a stretch of seasonal semi-deciduous forest. This
same behavior was observed by Stepka et al. (2010).

The matrix transition model becomes advantageous to
evaluate the diametric distribution dynamics because the
quantitative elements provide an objective numerical
analysis in changing the forest structure (Sanquetta et al.,
2001). Corroborating this study, Cunha et al. (2002) found
a compatible trend between the observed and the predicted
values for diameter structure in the first measurement in
his work, when using the transition matrix.

Teresczcuch et al. (2007) found satisfactory estimates
in their study using the Markov chain for predicting
diameter class distributions for a period of three years for
different harvesting systems, as well as for control. In
addition, according to the authors the Markovian method
is simple and easy to apply, and also enables simulations
based on data from two monitoring systems, as used in
the present study.

Lastly, Teixeira et al. (2007) showed that there was no
difference between the collected and predicted data with
the Markov chain for the observed and projected
frequencies in each diameter class.

CONCLUSIONS
In the treatments which involved suppression

compared to the control, the basal area showed a
tendency for recovery and growth in relation to the ori-
ginal area, however presenting lower growth rates than
the control. The selective cutting by species directly
influenced the mortality rate of individuals, which
contributed to its negative balance. Mortality rates,
recruitment, growth and prediction using the Markov
chain revealed an important rhythm in the process of
restoring vegetation in the area.
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