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ABSTRACT
 
The effective management of disturbed forests requires adequate knowledge of forest dynamics. 
In this study, we assessed the changes in a managed forest using 18 permanent 1 ha plots located 
in a ‘terra firme’ tropical rainforest in the Eastern Amazon (Paragominas, Brazil). All individuals 
with a diameter at breast height (DBH) ≥ 20 cm were evaluated in two separate assessments 
conducted in 2006 and 2016. The results show that, ten years after logging, the managed forest 
exhibits an imbalance between recruitment (1.54% per year) and mortality (2.23% per year) rates, 
indicating that it is still in the process of recovering its structure. Nevertheless, biomass tended 
to increase after logging (28.49 tons per hectare). The characteristics of these changes suggest 
that the forest is undergoing a silvigenetic process driven by the effects of logging. Furthermore, 
our observations indicate that the forest remains active and has sufficient potential for new 
timber production at the end of the cutting cycle, considering the same species and tree sizes. 
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RESUMO – O manejo eficaz de florestas 
perturbadas requer um conhecimento 
adequado da dinâmica florestal. Neste estudo, 
avaliamos a mudança de uma floresta manejada 
em 18 parcelas permanentes de 1 hectare 
localizadas na floresta tropical de terra firme 
no leste da Amazônia (Brasil, Paragominas). 
Todos os indivíduos com diâmetro à altura 
do peito (DAP) ≥ 20 cm foram avaliados 
em duas avaliações separadas realizadas em 
2006 e 2016. Os resultados indicam que, dez 
anos após a exploração, a floresta manejada 
apresenta um desequilíbrio nas taxas de 
recrutamento (1,54% ao ano) e mortalidade 
(2,23% ao ano), sugerindo que a floresta ainda 
está em processo de recuperação estrutural. 
No entanto, a biomassa mostrou um aumento 
após a exploração, atingindo 28,49 toneladas 
por hectare. As características das mudanças 
indicam que a floresta está em um processo 
silvigenético impulsionado pela exploração 
madeireira. Além disso, observamos que a 
floresta permanece ativa e possui potencial 
suficiente para uma nova produção de madeira 
no final do ciclo de corte, considerando as 
mesmas espécies e tamanhos de árvores. 

Palavras-Chave: Mortalidade; Recrutamento; 
Biomassa; Manejo florestal.

1. INTRODUCTION

The Brazilian Amazon encompasses the 
largest biome in Brazil, with the widest 
quantity and diversity of trees. The Amazon 
is estimated to host over 15,000 tree species 
(Ter Steege et al., 2020) with 5,482 species 
reported in the Brazilian region alone 
(Castuera-Oliveira et al., 2020). Tropical 
forests play a crucial role in global carbon 
storage, accounting for ~40% of the terrestrial 
carbon (Bonan, 2008). In addition, there are 
also selectively logged forests in the Amazon 
region, which are disturbed to varying degrees 
and used extensively for timber production 
(Asner et al., 2002; Tritsch et al., 2016). To 
better understand their development and 

Change in a terra firme dense ombrophilous...
Reategui-Betancourt et al., 2024

2 Revista Árvore 2024;48:e4819

MUDANÇA EM UMA 
FLORESTA OMBRÓFILA 

DENSA DE TERRA FIRME 
APÓS EXPLORAÇÃO 

MADEIREIRA NA 
AMAZÔNIA BRASILEIRA 

(2006-2016)

ensure their sustainability for future use, it is 
imperative to accurately monitor these logged 
forests. 

In the tropical forests of Africa, Asia 
and Lantin America, low-impact logging 
practices aimed at optimizing the use of forest 
resources are widespread (D’Oliveira et al., 
2017). Forests that are sustainably managed 
can maintain characteristics similar to those 
of an undisturbed forest (Oliveira et al., 
2019). Moreover, proper logging planning 
is also important to minimize the damage 
caused to tree species (D’Arace et al., 2019) 
and safeguard their long-term sustainability. 
Competition among trees is an important 
driver of community structure and dynamics 
in tropical forests mainly through effects on 
individual tree growth (Rozendaal et al., 2020). 
An accurate assessment of these dynamics is 
essential to understand the mechanisms by 
which a species can gain dominance and resist 
environmental change (Marimon et al., 2020).

Reduced impact logging guarantees the 
conservation of biodiversity values and the 
provision of ecosystem services in these 
managed forests, there by preserving natural 
resources for future generations (Gibson 
et al., 2011; Putz et al., 2012). Nonetheless, 
forest managers and decision-makers still lack 
sufficient information to define sustainable 
harvest intensities and cutting rotations 
(Rutishauser et al., 2015). Therefore, there is 
a need for continuous monitoring of forests 
impacted by logging.

In this study, we used continuous inventory 
measurements in a forest management area 
to address the following research question: 
How have mortality, recruitment, and species 
diversity values changed after 10 years of 
selective logging in an Amazonian forest? The 
aim of this study is to provide information on 
forest changes in a native forest in northern 
Brazil using mortality, recruitment, and 
growth parameters.

2. MATERIAL AND METHODS

2.1 Study area

The study area is located on the Rio Capim 
farm, in the forest management unit belonging 
to the company CKBV Florestal Ltd. of the 
Cikel Group (3° 39′ 28″ S and 48° 49′60″ W), 
located in the municipality of Paragominas, 
Pará state, Brazil (Figure 1). The Rio Capim 
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farm has a total area of 140,000 ha, where 
121,000 ha are under Forest Stewardship 
Council (FSC) certified forest management. 
The forest formation is described as 
Submontane Dense Ombrophylous Forest 
(IBGE, 2012). According to the Köppen 
classification, the climate is of type “Aw”, 
characterized as rainy tropical with average 
annual rainfall of 1,800 mm, with a well-
defined dry season from July to September, 
with an average annual temperature of 26.3°C 
and relative humidity of 81% (Alvares et al., 
2013). The dominant soil type in the study 
area is Belterra clay (Laurent et al., 2017).

The forest management unit at Rio Capim 
farm consists of 35 Annual Production Units 
(APUs), subdivided into Work Units (WUs). 
The data collected were from APU (7,585 
ha), which are divided into 73 Working 
Units (WUs). This area is part of a network 
18 permanent plots of one hectare each (100 
x 100m) was selected for this study (Cesario 
et al., 2022). These plots were grouped into 
two transects with 9 plots in each group. In the 
plots, all trees with DBH (diameter at 1.30 m 
from the ground) ≥ 20 cm were inventoried. 
Each permanent plot was divided into sixteen 

25 m x 25 m subplots, and two contiguous 
subplots were drawn to measure trees between 
10 cm ≤ DBH < 20 cm, totaling 36 subplots 
(Ferreira, 2005).

Over ten years, a series of continuous 
inventory measurements were conducted. The 
first measurement took place in 2004, prior to 
logging, while subsequent measurements were 
taken in the years 2005, 2006, 2008, 2010, 
2012, 2014 and 2016. For this study, however, 
we focused on the data collected from the year 
2006 through 2016 covering a 10-year period.  
The logging was conducted in July 2004 
where approximately 34 commercial species 
were extracted, corresponding to an average 
of 7 trees ha-1, equivalent to an average volume 
of 21.3 m³ ha-1 of roundwood or 51.4 m³ ha-1 
of the standing volume of the plots (Ferreira, 
2005; Sist and Ferreira, 2007). The average 
diameter of felled trees was 79.5 cm and for 
each tree harvested 3.4 m³ of roundwood were 
obtained. The average felling rate in the plots 
was 67.7% (Sist and Ferreira, 2007).

2.2 Data analysis

Figure 1. Location of the Forest Management area, Fazenda Rio Capim, in the municipality 
of Paragominas, Pará state – Brazil.

Figura 1. Localização da área de manejo florestal, Fazenda Rio Capim, no município de 
Paragominas, estado do Pará – Brasil.



We first analyzed and described the 
horizontal structure of the forest community 
of trees ≥20 cm DBH in 2016, including 
trees <20 cm in 2006 that entered the first 
class at the end of the analysis period, using 
phytosociological parameters such as Relative 
Frequency (RF), Relative Density (RD) and 
Relative Dominance (DoR) and Importance 
Value Index (IVI) as recommended by Souza 
and Soares (2013).

With data from the years 2006 to 2016 
of trees ≥20cm DBH, the dynamics of 
different variables over 10 years of forest 
development were determined. The periodic 
annual increment (PAI) was also calculated. 
For the mortality (M) and recruitment (R) 
rates equations 1 and 2 were applied (Sheil 
et al., 1995; Sheil and May, 1996), while for 
the basal area loss (L) and gain (G) equations 
3 and 4 were used (Souza Werneck and 
Franceschinelli, 2004).

(Eq.1)

(Eq.2)

(Eq.3)

(Eq.4)

‘t’ represents the time elapsed between two 
measurements, ‘No’ and ‘Nt’ denote the initial 
and final tree counts, ‘m’ and ‘r’ correspond 
to the number of dead trees and recruits 
respectively, ‘Go’ and ‘Gt’ indicate the initial 
and final basal areas, ‘Gm’ and ‘Gr’ represent 
the basal areas of dead individuals and recruits 
respectively, ‘Gd’ denotes the increment 
resulting from breakage or partial trunk loss, 
and ‘Gg’ signifies the increment in basal area 
of surviving trees.

Additionally, from this same group of data 
of trees ≥20cm DBH, with equations 5, 6 and 7 
the rate of net change of tree density (RCTD), 
basal area (RCG) and the tree replacement 
rate (R) were calculated. After defining the 
half-life time (T1/2), we used equation 8, 
which corresponds to the time required for the 
community to reduce its size by half; and the 
doubling time (T2), equation 9, which is the 
time required for the community to double 
its size while maintaining the current rate 
of inflow. To assess individual turnover rate 
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(TR), we employed equation 10, and for basal 
area turnover rate (TG), we used formula 
equation 11. Finally, the stability of the tree 
community (E) was determined with equation 
12, with a value closer to zero indicating a 
more stable forest. Moreover, a smaller value 
of replacement indicates a more dynamic tree 
community (Korning and Balslev, 1994).

(Eq.5)

(Eq.6)

(Eq.7)

(Eq.8)

(Eq.9) 

(Eq.10) 

(Eq.11) 

(Eq.12)

For above ground biomass estimation, 
equation 13 developed by Chave et al. (2014) 
was used. The biomass was estimated for 
three diameter classes (20 - 40 cm, 40 - 60 cm 
and >60 cm) and was compared for the two 
periods using the Wilcoxon non-parametric 
alternative test. The analyses were done in R 
version 4.02.3 software.

(Eq.13)

Where: ABG is aboveground biomass, E is 
the site-specific bioclimatic stress variable, ρ is 
wood density (in g cm-3), and dbh is diameter 
at breast height (in cm).

3. RESULTS

During the 10-year monitoring period, 
it was observed that 11 out of 20 species 
maintained their ecological importance by 
retaining their position on the Importance 
Value Index (IVI). However, the remaining 
species exhibited slight variations in their 
position on the IVI, indicating some changes 



Revista Árvore 2024;48:e4819 5

Change in a terra firme dense ombrophilous...
Reategui-Betancourt et al., 2024

Figure 2. Ranking of the 20 species with the highest Importance Value Index (IVI). Relative 
Frequency (RF), Relative Density (RD) and Relative Dominance (RDo) parameters for the 
years 2006 and 2016.

Figura 2. Ranking das 20 espécies com o maior Índice de Valor de Importância (IVI). 
Parâmetros de frequência relativa (FR), densidade relativa (DR) e dominância relativa (DoR) 
para os anos de 2006 e 2016.



in their relative ecological importance (Figure 
2).

In terms of relative density (RD), the 
species Lecythis idatimon Aubl. and Rinorea 
guianensis Aubl., had the greatest contribution 
in terms of number of individuals presenting 
the highest values for the years 2006 and 
2016. As for the relative dominance (RDo), a 
parameter related to the basal area, Lecythis 
idatimon Aubl. and Eschweilera coriacea 
(DC.) S.A. Mori contributed significantly in 
both periods (Figure 2). 

After the first year of exploration, 2006, 
3104 tree individuals (172.4 ind ha-1), and 
richness of 195 species (10.83 ssp ha-1) were 
found. In the year 2016, 10 years after the 
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exploitation, 3332 individuals), belonging to 
194 species (10.77 ssp ha-1), were recorded 
185.1 ind ha-1. 

During the 10-year monitoring period, the 
forest showed a mortality of 446 individuals 
(24.7 ind ha-1) with an average tree mortality 
rate of 1.54% year-1, indicating a net loss 
rates of 0.71% and 1.08% of individuals 
and basal area, respectively, (Table 1). The 
recruitment of 674 trees (37.4 ind ha-1) was 
observed, representing a recruitment rate of 
2.23% year-on-year (Table 1). The PAI of the 
forest between the years 2006 and 2016, an 
11-year period, was 0.32 cm year-1. The rates 
of basal area loss and gain were 1.44% and 
2.48% respectively, indicating a high level 
of dynamism in relation to recruitment and 

Characteristics  Total 
Number of individuals 2006 (ind. ha-1) 172 ±1
Number of individuals 2016 (ind. ha-1) 185 ±1
Species richness 2006 (N° ssp.) 195 
Species richness 2016 (N° ssp.) 194
Periodic increase of diameter (cm ano-1 ha-1) 0,32
Mortality rate (% year-1) 1.54
Recruitment rate (% year -1) 2.23
Basal area loss rate (% year -1) 1.44
Basal area gain rate (% year -1) 2.48
Net change rate of individuals (% year-1) 0.71
Net change rate of basal area (% year-1) 1.08
Replacement time for individuals (years) 43.98
Basal area replacement time (years) 72.90
Half-life time (years) 49.16
Duplication time (years) 38.80
Turnover rate of individuals (% year-1) 1.89
Basal area turnover rate (% year-1) 1.96
Individual stability (years) 10,35
Basal area stability (years) 38.15
Total biomass 2006 (ton ha-1) 262.71±2.1
Total biomass 2016 (ton ha-1) 291.21±2.1

Table 1. Change of a tree community after selective logging a submontane dense ombrophilous 
forest in southeastern Pará state over an 10-year period

Tabela 1. Mudança de uma comunidade de árvores após o corte seletivo de uma floresta 
ombrófila densa submontana no sudeste do estado do Pará em um período de 10 anos.
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mortality processes. 

In the studied forest, after logging, the 
half-life of trees was determined to be 49.16 
years, while the doubling time was estimated 
as 38.80 years. The replacement time for 
individuals, however, was estimated to be 
43.98 years. Additionally, a replacement time 
of 72.90 years was observed for the basal area. 
With a tree turnover rate of 1.89% per year and 
a basal area turnover rate of 1.96% per year, 
the forest composition exhibited an individual 
tree stability of 10.35 and a basal area stability 
of 38.15. Regarding aboveground biomass, 
the study observed a significant increase in 
biomass stockpiling ten years after logging. 
Specifically, the amount of aboveground 
biomass stock increased from 262.71+/- 2.1 
ton ha-1 in 2006 to 291.21+/- 2.1 ton ha-1 in 

2016, highlighting a notable recovery and 
accumulation of biomass during this time 
period (Table 1). 

The gains and losses in tree biomass 
exhibited significant variations between 
different diametric classes and between 
monitoring periods (p<0.05). Within the 
smallest diametric class (20 to 40 cm), there 
was gain in biomass of 47% throughout the 
monitoring period (66.02±0.51 ton ha-1 in 
2006 to 97.12±0.65 ton ha-1 in 2016). In 
contrast, the larger diametric classes showed 
less gain in tree biomass, with a 23% increase 
observed for the 40 to 60 cm class (66.75 +/- 
0.75 ton ha-1 in 2006 and 82.15 +/- 0.81 ton 
ha-1 in 2016). The biomass of individual trees 
with a diameter larger than 60 cm experienced 

Figure 3. Biomass by diametric class of an Amazonian Forest in Northwestern Brazil

Figura 3. Biomassa por classe diamétrica de uma Floresta Amazônica no Noroeste do Brasil

a gain of 14%, rising from 98.06 +/- 1.98 ton 
ha-1 in 2006 to 111.96 +/- 2.07 ton ha-1 in 2016. 
(Figure 3).

4. DISCUSSION

4.1 Ecological impacts and recovery change 
following selective logging

The forest under study was cleared from 
2004 onwards, and the effects of logging 
continued until 2006. These activities resulted 
in significant losses of trees that were damaged 
during the logging process. Similar findings 
were reported by Oliveira et al. (2019) and 
Rutishauser et al. (2015), highlighting the 



ongoing impacts of logging on forests. It is 
common for managed forests to experience 
a reduction in basal area and volume as large 
trees are harvested and other trees dies from 
felling and log dragging (Rutishauser et al., 
2015). In addition, the width of the secondary 
track can exacerbate these impacts of 
ecological disturbance (D’Arace et al., 2019).

In our analysis we found a significant 
increase in the number of individuals 228 
(12.6 ind ha-1) in the 10 years (2006-2016) 
after logging, but the richness in the entire 
forest decreased from 195 to 194 species.  
These species richness values are significantly 
lower than those observed in other tropical 
forests that were not affected by severe 
ecological disturbance. For instance, the 
number of tree species with a DBH ≥ 10 cm 
in Brazil was reported to be 250 species per 
hectare (Carneiro, 2004; Marra et al., 2014) 
and can reach up to 300 species on a single 
hectare (Valencia et al., 1994; Cerqueira et al., 
2021). Nonetheless, it is pertinent to mention 
that in our study the minimum diameter for 
a tree to be included in the inventory was 20 
cm. Despite the apparent low richness of tree 
species observed, these fluctuations in the 
number of species were relatively insignificant 
during the monitored interval.

The PAI of the forest, considering only the 
individuals that remained alive during the 10-
year period, showed an increment of 0.32 cm 
year-1. This value is consistent with previous 
studies carried out in neotropical forests, 
which reported a growth rate of 0.25 to 0.6 cm 
year-1 (Higuchi et al., 1997; Gourlet-Fleury et 
al., 2004; Oliveira et al., 2005). Other studies 
reported a mean diameter increment for trees 
≥ 5 cm DBH over an eight-year period of 
0.37 cm year-1 after logging trees of ≥ 45 cm 
DBH and 0.36 cm year-1 after logging trees 
with a DBH of ≥ 55 cm (Carvalho et al., 
2004). By reducing the logging intensity to 
3-4 trees per hectare (10-14 m3 per hectare) 
and implementing silvicultural treatments, 
the annual increment could potentially 
improve from 0.40 - 0.50 cm/year. With this 
approach, we could guarantee a sustainable 
cutting cycle of 40 years (Sist and Ferreira, 
2007), guaranteeing the growth and survival 
probability of the remaining trees after logging 
(Reategui-Betancourt et al., 2023).

The forest exhibited an average tree 
mortality rate of 1.54% per year, with a net 
change in both individuals and basal area 
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amounting to 0.71% and 1.08%, respectively. 
This observed tree mortality rate aligns closely 
with findings from other studies conducted in 
relatively undisturbed tropical forests (Phillips 
et al., 2004; Teixeira et al., 2007; Phillips et 
al., 2008; Phillips et al., 2010; Johnson et 
al., 2016). It is worth noting that mortality 
rates may vary significantly depending on 
the specific site and monitoring intervals, as 
demonstrated by modeling data covering up to 
25 and 50 years (Lewis et al., 2004; Phillips 
et al., 2004, 2010). In the present study, the 
observed mortality rate is approximately 21% 
lower than the average value reported for 
the entire Amazon basin, when a longer time 
interval of 14 years is considered. 

However, these higher mortality rates 
observed, corroborate with other studies that 
investigated forest dynamics after selective 
logging (Azevedo et al., 2008; Amaral et 
al., 2019). In particular, in a study in an 
experimental management area in the Manaus 
region, Amaral et al., (2019) observed mortality 
rates between 2.4% at low exploitation 
intensity and 4.6% at high intensity during the 
25-year monitoring period. Selective logging 
causes damage to 24.5% of the remaining 
trees (Martins et al., 1997). Therefore, these 
higher mortality rates observed after selective 
logging should be related to the detrimental 
effects on the surviving individuals in the 
logged forest.

In the study area, the forest showed 
a recruitment rate of 2.23% year-¹. This 
recruitment rate is also substantially higher 
than what is typically observed in undisturbed 
tropical forests, where values range between 
0.9% and 1.8% per year (Lieberman and 
Lieberman, 1987; Phillips et al., 2004; Lewis 
et al., 2004). Although these rates observed 
in the present study are higher than values 
found in tropical forests free of anthropogenic 
disturbance (Phillips et al., 2004), they 
corroborate the existence of a balance in the 
entry and exit of individuals in tropical forests, 
suggesting stability in the abundance of trees 
in the forest after logging. These higher 
recruitment rates in selective logging areas 
can be attributed to the creation of clearings, 
an immediate consequence of tree felling and 
high tree mortality from damage in subsequent 
years (Amaral et al., 2019).

The opening of clearings alters 
microclimatic conditions, making the 
environment more favorable for the 
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establishment of pioneer species and altering 
tree recruitment rates (Denslow et al., 1987; 
Espírito Santo et al., 2014; Soamandaugh et 
al., 2017). However, it is important to note 
that recruitment rates, similar to mortality 
rates, are sensitive to monitoring intervals as 
instances of tree mortality and recruitment 
may go unrecorded during longer monitoring 
censuses (Lewis et al., 2004; Talbot et al., 
2014). Therefore, caution should be exercised 
while conducting long-term studies and 
performing cross-area comparisons. For our 
study, the monitoring interval had a periodicity 
of 10 years.   

In the forest studied, following logging 
activities, the half-life (49.16 years) was 
found to exceed the doubling time (38.80 
years). This relationship shows that the 
forest is in a phase characterized by the 
“construction” of the silvigenetic cycle, 
suggesting that periods of higher mortality 
occurred earlier, especially in the period 2005-
2006 immediately after logging. In addition, 
high mortality occurs mainly during the first 
years of forest succession giving way to new 
recruitment windows for more individuals 
and species (Van Breugel et al., 2007).  It can 
also be attributed to the imbalance between 
recruitment and mortality rates, signifying 
that the forest is in constant recovery of its 
structural composition, with trees showing a 
long half-life and a low doubling time (Mews 
et al., 2011).

The replacement time of individuals and 
basal area, which are 43.98 and 72.90 years 
respectively, represents the supply time 
required by the forest to restore its initial values. 
The rate of tree turnover is 1.89% year-1 and of 
basal area 1.96% year-1, presenting a stability 
period of 10.35 years for individuals and 38.15 
years for basal area. These values are directly 
influenced by the exploration that occurs in the 
forest through the formation of clearings and 
the dragging of logs. Nonetheless, the recovery 
time heavily depends on the intensity of 
logging. For example, projections conducted 
in the same forest with different logging 
intensities revealed that for a low-intensity 
logging of 3 trees per hectare, the estimated 
time for above-ground biomass recovery was 
15 years. In contrast, for the typical logging 
intensity applied in the region, which is 6 trees 
per hectare, the recovery time can extend up to 
51 years (Mazzei et al., 2010).

In general, when considering exclusively 

the number of trees entering and leaving 
the system, there is an apparent dynamic 
equilibrium between the number of dead and 
recruited individuals, resembling the pattern 
observed in undisturbed forests (Lewis et al., 
2004; Phillips et al., 2004; Rossi et al., 2007; 
Amaral et al., 2019). However, the evidence 
presented here demonstrates a significant 
balance in floristic composition.  The complete 
replacement of dead trees by newly recruited 
individuals indicates that in this 10-year period 
of post-logging forest dynamics, silvagenesis 
is highly active and sufficient to ensure new 
timber production from the same species and 
tree sizes at the end of the cutting cycle.

4.2 Biomass recovery and sustainability in 
tropical forests after selective logging

An amount of 9.78% of the aboveground 
biomass stored 10 years after logging showed 
the slow resilience of tropical forests to 
anthropic interventions. These results are 
consistent with observation in the existing 
literature, which indicate that tropical forests 
subjected to selective logging require between 
15 and over 100 years to retrieve their original 
biomass levels (Blanc et al., 2009; Mazzei 
et al., 2010; West et al., 2014). However, 
assessing this recovery in total biomass alone 
of a given area is not sufficient to evaluate the 
resilience of these forests and the possibility 
of initiating a new cutting cycle. It is also 
necessary to assess the recovery of the volume 
of commercial wood stored in the trees to 
ensure sustainable cycles of timber harvest 
while promoting the conservation of these 
forests.

The basal area gain rate of 2.48%, 
exceeding the loss rate by 1.44%, demonstrated 
that the forest is in the process of succession 
after logging, where the number of dead 
individuals was suppressed by recruits. This 
gain is less pronounced in the largest classes as 
selective logging was restricted to the largest 
diametric classes, while mortality associated 
with collateral damage from logging occurs 
in all classes. Additionally, recruitment tends 
to occur only in the smallest diametric class. 
These results reinforce the slow recovery of 
these forests and further highlight the lower 
capacity of these managed forests to sequester 
and store carbon.

After selective logging, the newly recruited 
trees belong to different species than the 
commercially exploited ones (Baraloto et al. 



2012; Imai et al. 2012; Gaui et al., 2019). This 
phenomenon can potentially compromise the 
ecosystem functioning and the consequent 
provision of the associated services (Leverkus 
and Castro, 2017). For example, a Licania 
heteromorpha of 30 cm diameter and 20 
m height stores approximately 4.14 Mg of 
carbon, while a Cecropia sp. a pioneer with 
the same dimensions only stores 1.47 Mg of 
carbon. 

Considering the significant role of these 
forests in regulating planetary biogeochemical 
cycles, including annually fixing the amount 
of carbon emitted by the entire global human 
economy (Beer et al., 2010), small changes 
in species composition can undermine their 
capacity in processing and storing carbon 
in their biomass. Analyzing the change in 
species composition only is not sufficient for 
monitoring the response of these forests to 
forest management. A thorough assessment 
of forest dynamics, including information on 
mortality, recruitment, and growth rates, is 
crucial to understand the patterns of change 
and recovery of these forests post-selective 
logging.

However, it is important to emphasize 
that when drawing conclusions about the 
forest’s ability to recover after logging, 
forest management actions must prioritize 
both the timber production of commercial 
species and the conservation of these forests. 
Simultaneously, it is crucial to ensure the 
long-term sustainability of these forests, as 
they play a vital role in providing essential 
ecological services

5. CONCLUSION

The ombrophilous forest, ten years after 
logging, shows an imbalance between 
mortality and recruitment, indicating an 
ongoing process of structural recovery. The 
observed characteristics of forest change 
reveal a silvigenetic state resulting from 
the effects of logging. This pattern indicates 
that the forest is highly dynamic and has the 
capacity to maintain resilience and stability 
within the ecosystem. These results highlight 
the complex renewal of the forest, reflecting 
differentiated responses to management 
interventions. This information is crucial for 
forest management in the Brazilian Amazon to 
define strategies for selecting species and trees 
to be harvested.
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