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A B S T R A C T  
BACKGROUND : Studies on the dynamics of tropical forests can be carried out 
periodically with permanent plots and result in a source of data and information on 
regeneration processes and forest yield. Thus, knowledge on increment, ingrowth and 
mortality rates are fundamental for the planning of forest management. 
This study aimed to characterize the increase in diameter, basal area and volume, as 
well as the ingrowth and mortality rates after a forest management activity in the 
Amazon Forest. RESULTS: Overall, between the evaluation period (2012
results indicated that the mean increment in diameter was 0.40 cm / year. The annual 
diametric increment was 0.49 cm / year for crown trees completely exposed to light, 
0.32 cm / year for crown trees partially exposed to light and 0.21 cm / year for fully 
shaded crown trees. The trees that did not present lianas grew on average 0.46 cm / 
year, 8.7% more than the trees with vines present. The analysis of the admission of 
individuals to the minimum DBH class in the monitoring period was lower than the 
mortality rate. CONCLUSION: It is inferred that the harvest of wood did not 
significantly alter the structure of the forest. The greatest solar exposition is a factor 
that stimulate the DBH increment, whereas the presence of lianas restricts it. The 
growth of the species was benefited by the opening of clearings, however due to the 
extraction process the mortality rate was higher than the ingrowth rate.

INTRODUCTION 

The sustainable forest management is an activity that performs forestry operations in a planned way, 
allowing forestry production with reduced costs and impacts, as well as ensuring the conservation and 
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This study aimed to characterize the increase in diameter, basal area and volume, as 
well as the ingrowth and mortality rates after a forest management activity in the 
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results indicated that the mean increment in diameter was 0.40 cm / year. The annual 
diametric increment was 0.49 cm / year for crown trees completely exposed to light, 

ally exposed to light and 0.21 cm / year for fully 
shaded crown trees. The trees that did not present lianas grew on average 0.46 cm / 
year, 8.7% more than the trees with vines present. The analysis of the admission of 

in the monitoring period was lower than the 
It is inferred that the harvest of wood did not 

significantly alter the structure of the forest. The greatest solar exposition is a factor 
presence of lianas restricts it. The 

growth of the species was benefited by the opening of clearings, however due to the 
extraction process the mortality rate was higher than the ingrowth rate. 

performs forestry operations in a planned way, 
allowing forestry production with reduced costs and impacts, as well as ensuring the conservation and 
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maintenance of forest ecosystems (Taffarel et al., 2014). 
In order to obtain a reasonable management of forest resources, forest management is widely used, as it 

aims not only at income and work opportunities for society but at the lowest possible impact on nature and on 
the continuous use of the resource, avoiding its scarcity and degradation (Nascimento et al., 2012). 

The forest management when conducted in the reduced impact way allows a forest recovery until the next 
intervention, through the planning of standing trees and those that will be removed, allows the reduction of 
damages to natural regeneration (Boltz et al., 2003; Sabogal et al., 2000), the residual forest trees and the forest 
soil, which may bring financial and ecological benefits in the future (Holmes et al., 2004). 

The study by Cunha and Finger (2013) emphasizes that reliable data on growth are required to contribute to 
the establishment of rational forest management. The verification of the growth of the forest individuals is made 
by measurements in an initial period interconnected with a final period, called increment or rate of 
accumulation of yield (Synnott, 1978). Native forest measurements performed periodically on permanent plots 
result in a valuable data source and consequent information on forest regeneration processes and productivity 
(Figueiredo Filho et al., 2010). 

The knowledge of the growth of a tree or forest is of fundamental importance for forest management 
because these data are used to define the silvicultural rotation and to predict the forest production (Vanclay, 
1994).Several factors influence the growth of species, such as climatic, edaphic, topographical and competition 
factors, as well as the infestation of lianas and vines, forest succession and luminosity characteristics (Mognon 
et al., 2012; Prodan et al., 1997; Janzen, 1975). Therefore, the study of forest growth should considerate some 
factors that influence the increment of trees and the impacts of the management interventions on forestry 
dynamics.  

In view of that, these studies are linked with the dynamics of tropical forests, because they can be based on 
information related to the structure of the community and its population, before and for a long time after the 
exploration (Castro and Carvalho, 2014). In this way, it is possible toverify detailed evaluations of forest 
growth and yield, ingrowth and mortality rates, which are important to the forest management planning (Vatraz 
et al., 2016). 

The hypothesis of this study was to verify if the forest management and its activities affect significantly the 
structure of the forest and if this information is useful to understand the dynamics of tropical forests. This work 
aimed to characterize the increment, ingrowth and mortality of species in the Amazon Forest area after a 
sustainable forest management activity. 

    
MATERIALS AND METHODS 

 
The study area is located in the Tapajós National Forest, municipality of Belterra, State of Pará, Brazil, in a 

forest management area of the Tapajós Mixed Cooperative (COOMFLONA) with operational base at km 67 of 
the Santarém-Cuiabá Highway, BR 163, between the coordinates 2o 40'- 4o 10' S and 54o 45'- 55o 30' W. 

According to the Koppen classification, the climate of the region is Ami type, which is a tropical climate 
with 2 to 3 months of dry season per year and it has an annual rainfall above 2000 mm. The minimum 
temperature is about 18.4 ° C and the maximum is 32.6 ° C. The predominant soil in the area is the Yellow 
moderate latosol. 

For this study, data were obtained from the Annual Production Unit, with a total area of 1,000 hectares, 
composed of 10 permanent plots with dimensions of 50 m x 50 m (0.25 ha). Two monitoring periods were 
considered, one before the harvest (2012) and another after the harvest (2015), where all trees with DBH ≥ 10 
cm were identified, measured and classified according to the following variables: DBH (diameter at breast 
height measured at 1.30 m from the ground), crown lighting intensities, and the presence of lianas (woody 
vines). 

The crown lighting was classified as: a) Emerging crown or receiving total upper light; b) Partially 
illuminated crown; and c) Shaded crown (diffused light). For the presence of lianas were considered: a) Without 
lianas; b) lianas present but without causing damages to the growth; and c) lianas present and restricting the 
growth. 

The study area was submitted to the forest management activity, which was the harvest of trees with 
minimum DBH of 50 cm and a cut cycle of 35 years, according to the Forest Management Plan for this area. 

Based on the measurements of 2012 and 2015, the periodic annual increment in diameter at the breast 
height (PAIdbh) was analyzed for the forest, species, and according to the classification of the crown lighting 
and the presence of vines. However, the periodic annual increment in volume (PAIv) was verified using the 
equations developed for this area, being they presented by Silva and Araújo (1984). In addition, we calculated 
the mortality rate (M%) and the ingrowth rate (In%). For data processing, the MFT (Tropical Forest 
Monitoring) software was utilized. 
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Results: 
The first evaluation performed in 2012 shows a total of 778 individuals in the area, which were studied to 

measure and to estimate the increment in diameter, basal area, and volume. Fu
performed between 2012 and 2015 indicated a considerable increment for the biometric variables (diameter at 
breast height, basal area, and volume). T

 
Table 1: Annual incremental rate in diameter, volume and basal area in 

Area 
PAIdbh 
(cm/year) 

APU 8 0.40 
Where: PAIdbh= Periodic annual increment in
area, in square meters per hectare per year; PAIv = Periodic annual increment in volume, in cubic meters per hectare
of trees evaluated to calculate the mean increment; APU = Annual Production Unit.

 
The mean DBH increment (0.40 cm/year) during the monitoring period was superior to those obtained by 
Vatraz et al. (2016), which verified in the first two years after the exploration an average of 0.25cm/year for 

a natural terra firme forest. The results found in this work was also superior to 
(1995), which analyzed the increment of trees aft
DBH increment of 0.30 cm/year. 

In view of the considerable number of individuals and species in the area, we can highlight the species 
which presented the highest values 
emphasizes that the use of the diameter for this demonstration because it was the only measured variable and it 
was used to estimate the other incremen
increment values for diameter at the breast height. 

 
Table 2: Species with the higher increment rate of periodic annual increment in diameter at the breast height in 

at Tapajós National Forest. 

Scientific name 

Ocotea longifolia 
Cecropia sp 
Miconia mirabilis 
Tachigali sp 
Virola sp 

Where: N = number of individuals evaluated 
height, in centimeters per year. 

 
The diameter increase for the 5 species with the higher increment rates varied between the limits of 0.45 to 

1.0 cm/year. The species with the maximum increment was the 
increment of 1.00 cm/year. In addition, we can highlight the species 
Tachigali sp which presented similar increment rates.

The increment rates in DBH according to the amount of light received by the crown were different for the 
utilized classification, it can demonstrate the influence of li
periodic annual increment in diameter at the breast height according to the crown lighting classification. 

Fig. 1: Periodic annual increment
production unit 8 in the Tapajós FLONA, Belterra PA.
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The first evaluation performed in 2012 shows a total of 778 individuals in the area, which were studied to 
estimate the increment in diameter, basal area, and volume. Furthermore, the forest monitoring 

performed between 2012 and 2015 indicated a considerable increment for the biometric variables (diameter at 
, and volume). Table 1 presents the mean values of these variables.

mental rate in diameter, volume and basal area in an Annual Production Unit at Tapajós National Forest. 
PAIg 
(m2/ha/year) 

PAIv 
(m3/ha/year) 

N 

0.5104 6.14 778 
Where: PAIdbh= Periodic annual increment in diameter at breast height, in centimeters per year; PAIg = Periodic annual increment in basal 

; PAIv = Periodic annual increment in volume, in cubic meters per hectare
alculate the mean increment; APU = Annual Production Unit. 

The mean DBH increment (0.40 cm/year) during the monitoring period was superior to those obtained by 
hich verified in the first two years after the exploration an average of 0.25cm/year for 

a natural terra firme forest. The results found in this work was also superior to Costa et al
analyzed the increment of trees after the forest harvest in the Tapajós National Forest, obtaining a 

In view of the considerable number of individuals and species in the area, we can highlight the species 
which presented the highest values of increment in diameter during the monitoring periods. It is important 

the use of the diameter for this demonstration because it was the only measured variable and it 
was used to estimate the other increments (basal area and volume). Table 2 shows the 5 spe
increment values for diameter at the breast height.  

Species with the higher increment rate of periodic annual increment in diameter at the breast height in 

Common name N 

Louro branco 7 
Embaúba branca 5 
Farinha seca 10 
Taxi pitomba 42 
Virola 30 

Where: N = number of individuals evaluated to calculate the mean increment; PAIdbh = Periodic annual increment in diameter at the breast 

The diameter increase for the 5 species with the higher increment rates varied between the limits of 0.45 to 
ecies with the maximum increment was the Ocotea longifolia which had a

increment of 1.00 cm/year. In addition, we can highlight the species Cecropia sp, Miconia mirabilis
sp which presented similar increment rates. 

according to the amount of light received by the crown were different for the 
utilized classification, it can demonstrate the influence of light to the increment rate. F

diameter at the breast height according to the crown lighting classification. 

nnual increment in diameter, according to the crowns lighting intensities in the annual 
production unit 8 in the Tapajós FLONA, Belterra PA. 
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The first evaluation performed in 2012 shows a total of 778 individuals in the area, which were studied to 
rthermore, the forest monitoring 

performed between 2012 and 2015 indicated a considerable increment for the biometric variables (diameter at 
these variables. 

Annual Production Unit at Tapajós National Forest.  

Interval (years) 

2 
diameter at breast height, in centimeters per year; PAIg = Periodic annual increment in basal 

; PAIv = Periodic annual increment in volume, in cubic meters per hectare per year; N = Number 

The mean DBH increment (0.40 cm/year) during the monitoring period was superior to those obtained by  
hich verified in the first two years after the exploration an average of 0.25cm/year for 

et al. (2008) and Silvaet al. 
er the forest harvest in the Tapajós National Forest, obtaining a 

In view of the considerable number of individuals and species in the area, we can highlight the species 
monitoring periods. It is important 

the use of the diameter for this demonstration because it was the only measured variable and it 
Table 2 shows the 5 species with the higher 

Species with the higher increment rate of periodic annual increment in diameter at the breast height in an Annual Production Unit 

PAIdbh 
(cm/year) 
1.00 
0.80 
0.82 
0.77 
0.45 

to calculate the mean increment; PAIdbh = Periodic annual increment in diameter at the breast 

The diameter increase for the 5 species with the higher increment rates varied between the limits of 0.45 to 
which had a periodic annual 

Miconia mirabilis and 

according to the amount of light received by the crown were different for the 
ght to the increment rate. Figure 1 shows the 

diameter at the breast height according to the crown lighting classification.  

 
in diameter, according to the crowns lighting intensities in the annual 
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The periodic annual increment according to the crown lighting intensities was 0.49 cm/year for emerging 
crown (receiving total upper light) trees, 0.32 cm/year for partially illuminated crown trees, and 0.21 cm/year
for shaded crown trees. It identified that the average 
illuminated trees and shaded trees. The mean increment rate 
was on 34.7% higher than partially covered trees and 57.1% when compared to shaded trees.

In consonance with Oliveira (2005), studying the dynamics of Tapajós National Forest, the different crown 
lighting intensities have influences on trees increment, 
increments rates. The author identifies that the fully illuminated trees had a
partially shaded trees and 60% higher when compared to the increment of totally shaded trees, percentages that 
were similar of our study. 

In addition, this study shows that the DBH 
the periodic annual increment for diameter at the breast height according to the vines classification.

Fig. 2:Periodic annual increment in diameter, according to the degree of infestation of lianas analyzed in the 
management unit 8 in FLONA Tapajós, Belterra 

 
As can be seen in Figure 2, the presence of lianas had influences to the DBH increment. The trees without 

lianas had a mean increment of 0.46 cm/year, this value decreased to 0.42 cm/year for individual
of lianas but without damaging the increment and to 0.40 cm/year for individual
restricting the increment. It shows that the individual without lianas had 8.7% more DBH in
individual with its presence and this percentage increases to 13% when compared to trees with lianas restricting 
growth. 

This tendency was verified in Vidal 
of Pará, Brazil, where the trees without lianas present a diametric increase twice as large as trees with lianas.
Costa et al. (2008), indicated that the
lianas. Even with lower discrepancy rates, our work indicates the existence of a growth differentiation when 
lianas are present. 

Figure 3 shows the ingrowth and mortality rates in t

Fig. 3: Ingrowth and mortality rates in the area of Forest Management at the Annual Production Unit 8 in the 
Tapajós National Forest. 
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nual increment according to the crown lighting intensities was 0.49 cm/year for emerging 
crown (receiving total upper light) trees, 0.32 cm/year for partially illuminated crown trees, and 0.21 cm/year

identified that the average increment of the emergent trees was superior to partially 
trees. The mean increment rate of trees with crowns completely exposed to light 

partially covered trees and 57.1% when compared to shaded trees.
In consonance with Oliveira (2005), studying the dynamics of Tapajós National Forest, the different crown 

ences on trees increment, identifying that higher lighting intensities generate
entifies that the fully illuminated trees had an increment 

partially shaded trees and 60% higher when compared to the increment of totally shaded trees, percentages that 

ows that the DBH increment rate is affected by lianas infestation. F
the periodic annual increment for diameter at the breast height according to the vines classification.

in diameter, according to the degree of infestation of lianas analyzed in the 
management unit 8 in FLONA Tapajós, Belterra - PA. 

As can be seen in Figure 2, the presence of lianas had influences to the DBH increment. The trees without 
ncrement of 0.46 cm/year, this value decreased to 0.42 cm/year for individual

of lianas but without damaging the increment and to 0.40 cm/year for individuals with presence of lianas 
restricting the increment. It shows that the individual without lianas had 8.7% more DBH in

presence and this percentage increases to 13% when compared to trees with lianas restricting 

Vidal et al. (2002), studying a perennial forest located in Paragominas, State 
the trees without lianas present a diametric increase twice as large as trees with lianas.

ndicated that the growth of trees without lianas was 88% greater than the trees infested by 
Even with lower discrepancy rates, our work indicates the existence of a growth differentiation when 

igure 3 shows the ingrowth and mortality rates in the studied area after the forest management activity.

Ingrowth and mortality rates in the area of Forest Management at the Annual Production Unit 8 in the 
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Even with lower discrepancy rates, our work indicates the existence of a growth differentiation when 

he studied area after the forest management activity. 

 
Ingrowth and mortality rates in the area of Forest Management at the Annual Production Unit 8 in the 
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The analysis of the ingrowth of individuals to the minimum DBH class (10 cm) was 5.2 %, representing a 
value of 6.6 N/ha/year. However, the mortality rate was higher (18.1%), representing a total of 23 N/ha/year. 
This tendency of a higher mortality rate is in consonance with Souza et al. (2017), Sawczuk et al. (2014) and 
Francez et al. (2007) in view of the harvesting process.  

 
Discussion: 

The increment in DBH may have been influenced by the management activity that occurred in the area 
between the monitoring periods, which led to the opening of a clearing and benefited the growth of species that 
are favored by light interception. The higher increment rate in our study may be related to the interval of two 
years because according to Vatraz et al. (2016), it is common an acceleration of the increment in the first years 
after the harvest, occurring its stabilization after the 4 years. In addition, this factor can justify the higher 
increment rates than Costa et al. (2008) and Silvaet al. (1995), studies with a higher interval between 
evaluations.  

Furthermore, as expected this work identified a tendency of higher increment for trees with greater 
exposure to light. It is in agreement with Souza et al. (2017) in Central Amazon, Vatraz et al. (2016) in 
Paragominas- PA and with Costa (2008) in the Tapajós National Forest.It should be pointed out that the crown 
illumination intensities indicate the level of light exposure, as well as the competition level existing with 
neighboring tree crowns, being an important variable because it represents one of the factors that significantly 
influence the growth (Silva et al., 2005). Thus, trees with greater exposure to light tend to get a higher DBH 
increment since they are not competing for light (height increment).  

Another factor that affected the DBH increment was the infestation of lianas. Trees with a higher 
occurrence of lianas, the individuals present low height and reduced increment, suggesting that the trees take 
more time to reach the maximum development when compared with individuals without lianas. 

 Costa et al. (2008), in a study in the Tapajós National Forest also found increments that varied according to 
the infestation of lianas. These authors also verified that trees without or with less number of lianas tend to have 
biggest DBH increment than trees infested by lianas. The infestation may result from large openings in the 
crown caused by gales, by unplanned exploitation, or by slabs with great intensity (Silva et al., 2005).As 
reported by Cardoso Jr et al. (2014), the absence or small increment for some species may be caused by the 
presence of lianas. Based on this, we must emphasize the importance of monitoring and management of lianas, 
practice related by Silva (2001) and Engel et al. (1998). 

In addition, the management activity had large influences on the mortality rate. It can be explained due to 
the activity of harvesting, drag and natural mortality occurring in the area (Souza et al., 2017). Mortality in 
natural forests can be influenced by the presence of different factors, such as species composition, natural 
disturbances, light availability, site characteristics, thinning and monitoring period (Luo and Chen, 2011; 
Duchesne and Prévost, 2013). 

This study verified that the mortality rate was higher than ingrowth rate. It is important to evaluate the 
potential of the forest after the forest harvest in order to have a balance between the two variables.  Oliveira 
(2005) and Lopes (1993) commented that the higher mortality rate in comparison to the ingrowth rate are 
common after the exploitation, and it is mainly caused by harvesting, natural mortality, and damages resulting 
from the drag operation. 

According to Carvalho et al. (1999), the mortality rates after the harvesting decrease slowly and in the fifth 
years they remain low and stable in relation to the ingrowth. Francez et al. (2009), emphasizes that the higher 
number of dead individuals than ingrowth individuals can be explained due to the short time between 
measurements (1 year). This justification can be utilized for this work, in view of the short interval between the 
measurements (2 years). 

All in all, this work indicates that the individual tree characteristics, such as crownlighting, presence of 
lianas, mortalityand ingrowth are important factors that must be taken into account in the monitoring and 
execution of forest management plans because they are directly interfering in the production of the forest. 

 
Conclusion: 

In conclusion, this work was very important because it demonstrates that the increment, ingrowth and 
mortality are parameters that can be used to predict the development and production of a natural forest and it 
shows that these parameters presented a great variability that can characterize the forest dynamics. Thus, this 
study was of fundamental importance because it provides subsidies for the understanding of forest dynamics, as 
well as techniques that can be carried out for the implementation of sustainable forest management plans, thus 
facilitating the reach for environmentally sustainable development. 

The forest harvesting did not change significantly the structure of this forest and the growth of the species 
was benefited by the opening of clearings. Thus, sustainable forest management activities based on low impact 
harvesting are important for the establishment and increase of timber species due to changes in the environment 
that allow the better development of individual trees. 
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The greatest solar exposition stimulates the DBH increment while the presence of lianas restricts it. The 
mortality rate was higher than the admission rate, although this result shows that the forest continues to grow in 
the basal area, indicating that it is evolving in search of reaching its full stock.. Due to this, it is important to 
carry out future studies related to the dynamics of the clearings explored, in order to follow the behavior of the 
species, as these should compose future harvests. Also, the establishment of monitoring and management of 
lianas present in the trees are an important question to accelerate the forest yield. Therefore, the removal of 
lianas should be recommended as a silvicultural treatment in management plans, allied with reduced exploitation 
because its application will benefit forest growth. 

Finally, the environmental factors evaluated here, such as light exposure, presence of lianas, mortality, and 
admission are parameters that directly influence the speed of growth and forest production, and it is therefore 
essential to consider these factors for better planning and execution of the activities, aiming at the viability of 
the forest in future cutting cycles. In futures works, it is recommended the use of different intensities and cut 
rates, as well as silvicultural methods of tree management, thus making it possible to choose the best form or 
intensity of forest management in native forests. 
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