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or late secondary, which are normally emergent species that 
develop large biomass.

In large gaps formed by the fall of several trees, succession 
is activated in its earliest stages, with extensive colonization 
by invaders and pioneers that will compete strongly with 
the existing regeneration. However, because the colonizers 
are relatively short-lived, they will gradually be replaced by 
more persistent vegetation and higher biomass until complete 
canopy closure.

Three gap characteristics are considered to be important in 
the study of vegetation dynamics: the physical environment 
of the gap, the gap size and the gap turnover rate. In relation 
to the physical environment, it is clear that for each gap size 
there are corresponding microclimate conditions. Due to the 
influence that the gap size exercises, physical factors such as 
size can be important variables affecting seed germination 
and seedling survival.

Different species are successful in gaps of different sizes, 
which means that the gap size strongly influences the floristic 
composition and distribution of plant species in the forest. The 
higher the gap, the more varied is the microclimate inside it 
compared with undisturbed forest. Therefore, the gap size can 
determine which species colonize a gap, because it can cause 
major changes in microclimate and root competition, which 
may temporarily lessen in the gap center. Small gaps favor the 
growth of advanced regeneration, as is the case with seedlings 
and young plants already established before the formation of a 
gap. In contrast, in very large gaps, these individuals can grow 
little bit or die due to high radiation load (Whitmore, 1978).

According to Whitmore (1978), the main differences 
between the environment in gaps and under closed canopy 
are an increase in light and changes in its quality, as well as 
increases in temperature and saturation deficit. An increased 
availability of nutrients may also occur when dead plants 

forest. Without gaps, it is possible that all seedlings except 
those species of the understory, which spend their entire life 
in dense shade, may eventually die (Whitmore, 1978).

The literature on the process of natural succession in 
tropical forests is already quite large, as shown in the review of 
Jardim et al. (1993). The disturbance theory, whose successional 
model links community richness to the age, size and frequency 
of disturbance, suggests that natural succession in tropical forests 
stars with gap formation. This theory is widely accepted and 
divides succession into three phases: (1) gap phase, (2) forest 
growing and (3) mature forest. The duration of each phase 
depends on factors such as the magnitude of the disturbance, 
especially in terms of the size of the opening in the forest canopy.

Successional dynamics in the forest as a whole can be 
represented by a long and continuous process of opening�Ÿc
overing�Ÿclosure�Ÿopening gaps. After its formation, a gap 
goes by a more or less long period of recovery or covering 
(succession), culminating in its closure.

The time period between the gap formation and its closure 
depends on the size of the gap. If the gap is caused by a falling 
branch or a small tree, its closure may be completed through 
the lateral expansion of branches of the surrounding trees or 
by the rapid vertical growth of preexisting advanced natural 
regeneration. Therefore, if it appears that succession begins in 
an advanced stage, the recovery will be rapid, favoring species 
opportunistic of small gaps.

When a gap is formed by the felling of large trees, its closure 
is more time-consuming, because the succession is restarted 
from a far less advanced stage. In this case, a certain degree of 
colonization will be needed for the covering in addition to the 
growth of advanced regeneration, resulting in a more or less 
intense competition until the predominance of some canopy 
species. This process favors opportunistic species of large gaps 

Figure 2. Schematic drawing of a gap showing the sunlight passing through it. Adapted from Longman and Jenik (1981). 
Figura 2. Desenho esquemático de uma clareira ilustrando a incidência dos raios solares através da mesma. Adaptado de Longman e Jenik (1981).
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established, grow and reproduce only in gaps. These features 
are merely points on the large gradient of light conditions 
that species demand, and each species may be unique in their 
requirements. Another classification (Swaine & Whitmore, 
1988) proposed a division of the species into pioneers and non-
pioneers, based on germination and seedling establishment. In 
each group, based on the height at which maturity is reached, 
Swain and Whitmore proposed a subdivision into the following: 
dwarf, small, medium and large trees.

Based on the combination of biological forms (herbaceous 
or woody) and origins (secondary or forest areas), another 
classification of the species into four groups was proposed by 
Mitja et al. (2008): forest woody species, pioneer/secondary 
woody species, forest herbaceous species and secondary 
herbaceous species. This classification is controversial when 
considering pioneer or secondary woody species as non-forest 
species, as there exist dozens of species, mainly of timber, with 
a secondary characteristic.

In general, classifications are based on the light demands 
of the species. Shade tolerant species can regenerate and grow 
independent of gaps and are very efficient in their use of the 
diffuse radiation that exists within the forest. Intermediary 
species regenerate and grow in varying degrees of light that 
are available in medium to small gaps. Shade intolerant species 
only regenerate and grow in environments with much direct 
light afforded by large gaps, because they are inefficient in 
their use of light radiation.

Some classifications incorporate other factors, such as 
selection strategy or the seed size and means of dispersal 
(Table 1). However, there is generally consensus that the process 
of natural regeneration of tree species in a tropical forest is 
strongly dependent on the presence of gaps that provide the 
conditions, especially in terms of light, for the establishment 
of regeneration.

These dichotomic classifications that categorize species 
as light- or shadow- preferring or in terms of pioneer, early 
secondary, late secondary and climax species (Budowski, 
1965), represent a great simplification of a large and complex 
ecophysiological behavior gradient existing in equatorial 
forests species. Despite the fact that any plant, in principle, is 
heliophilic, as it needs light to perform photosynthesis, plants 
require varying degrees of radiation intensity.

The changing light requirements of a tree species throughout 
its life history can be preliminarily inferred from the analysis 
of diameter distribution of their stems (Jardim et al., 1996), 
as suggested in Table 2.

If a species has a continuous and decreasing diameter 
distribution, such as the “J-inverted” distribution, this characteristic 
indicates that, in terms of light, the species has no restrictions 
for natural regeneration process (i.e., seedling recruitment 
in natural regeneration is regular and constant and offset by 
high mortality). Species with this ecological characteristic 
are classified as shade tolerant, i.e., they regenerate and grow 
under diffuse light within the forest environment.

If a species has discontinuities in its diameter distribution or 
even an absence of individuals in the lower DBH classes, this 
characteristic reflects trouble in natural regeneration, often due 
to the dependence of light for germination. These species are 
called intolerant to shade or diffused light, are considered to be 

decompose. These changes in the physical environment alter 
the biocenosis; as established seedlings die as a result of 
their sensitivity to light, plants of pioneer species appear and 
experience growth maximization.

Under natural conditions (undisturbed forest), the interaction 
of the physical environment, the size and turnover rate of gaps 
results from a stochastic process (Bazzaz & Pickett, 1980) in 
which gap formation is random in space and time, although 
there is a higher probability of falling trees during the rainy 
season. In this case, the behavior of the species follows its 
natural course, according to competitive hierarchy (Swaine 
& Hall, 1983).

In managed forests, the interaction of the three factors is 
influenced by logging intensity and the composition of exploited 
species. The presence of gaps is spatially random because it 
depends on the spatial distribution of trees. However, from a 
temporal point of view, there is a tendency to change the time 
of gap formation to seasons of drought, when the logging 
operation is made more efficient. However, the phenology of 
species is adjusted to the natural process of gaps formation. 
Therefore, it is possible that changes in the magnitude and the 
temporal order of gaps formation can change the probabilities of 
a species or any ecological group being more or less successful.

The covering capacity of timber species, many of which are 
late successional or opportunistic and shade-intolerant, may 
be reduced by the removal of mother trees and maintenance 
of individuals of non-commercial species. However, with 
logging, this phenomenon can be offset by the creation of 
more favorable environments for the recruitment and growth 
of the most intolerant species. The mortality of tolerant species 
may be increased due to the higher intensity of radiation on 
seedlings in the understory, which are not adapted to high 
levels of brightness resulting from the opening of the canopy 
by exploitation. Therefore, we should consider that the large 
gradient of gap sizes is an important factor in determining the 
high heterogeneity of tropical forests. Many canopy species, 
which in the seedling and sapling stages are absent in the forest 
floor, depend on gaps for regeneration and therefore should 
be considered normal components of the mature forest rather 
than successional species that should die as the forest matures 
(Hartshorn, 1978).

2.3.2 Interaction with ecological groups

The vegetation of a rainforest is composed of a very large 
number of life forms. However, it has been found that there 
are great differences between the floristic compositions of 
the upper canopy and understory of the rainforest (Jardim 
& Hosokawa, 1986; Mendes  et  al., 2012). For this reason, 
dynamics studies inevitably require the division into classes 
or smaller groups of vegetation. However, the classification 
of species into ecological groups is very controversial in the 
literature. Numerous attempts have been made to classify the 
species in terms of their ecological behavior.

Up to four species groups have been established due to 
the need for gap development (Whitmore, 1984): 1) Species 
that establish and grow under closed canopy; 2) species that 
establish and grow under closed canopy but benefit from the 
gap; 3) species that are established under closed canopy but 
require gaps to mature and reproduce; and 4) species that are 
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exploitation, because if adults exist in a large proportion, there 
is some mechanism for regeneration (the gap formation).

Gap size varies over a continuum in which environmental 
conditions follow the same continuous pattern of variation. 
In terms of light, for example, gaps can be said to vary from 
a single “sunfleck” (small areas on the forest floor reached by 
direct solar radiation that gets through the canopy) to high levels 
of radiation from large gaps. Within this range of variation, the 
interactions between environmental factors and between plants 
and these factors are so numerous and so complex that any 
simplification will result in many exceptions and difficulties 
of ecological classification of species.

The strategy of the seed bank is a method to maintain coverage 
of an area. However, this is also a strategy characteristic of 
invaders and pioneer species, because no large dormancies 
for timber species seeds have been identified. Moreover, the 
concept of a seedling bank has been considered important in 
management, which would solve the stock problem in the 
natural regeneration of timber species. This concept seems to 
be reasonable; if there is a marketable stock of these species and 
very little regeneration by current criteria of minimum stock, 
then there must be a method by which the few seedlings survive 
to reach the canopy. An interesting hypothetical mechanism is 
the so-called seedling quiescence, which allows seedlings to 
wait long periods for conditions favorable to their development.

Knowledge of this successional process, although 
empirical, has been employed in silvicultural systems based 
on natural regeneration. However, their functioning remains 
to be scientifically determined to ensure maximum use of the 
productive potential of tropical forests, because under natural 
conditions, this function only restores the losses from death 
or natural fall.

“extravagant” in their use of photosynthetically active radiation 
(PAR), and therefore demand strong light. The presence of gaps 
in the forest canopy is the factor that sets light conditions for 
the seed germination of these species.

Species whose diameter distribution has an intermediate 
shape between these two extremes are called intermediate or 
opportunistic of large or small gaps, according to their demand 
for more or less light for establishment.

3 Final Remarks
The term natural regeneration refers to the number of young 

plants of a population, settlement or forest or to the process 
of establishment of these young plants, (i.e., the processes of 
recruitment or ingress, mortality and growth). Recruitment and 
ingress, although signifying the entry of new individuals in 
the sample, may represent different situations; these terms can 
refer to the entry of an individual of a species already present 
in the area (recruitment) or to the input of an individual of a 
new species in the sample (ingress).

The models that assess recruitment or ingress often exhibit 
inconsistencies when evaluating the entry of a new species in 
the sample, which can present a mathematical indeterminacy 
represented by a division by zero (0) or one logarithm of zero 
(ln 0). The model called Natural Regeneration Rate eliminates 
this indeterminacy of mathematics to assess the entry of a 
new species in the community or forest. The model needs to 
be tested with other variables, such as basal area and volume, 
used to evaluate the dynamics of managed forests.

Many timber species have very low or no natural regeneration 
in the static sense of the term because of their dependence on 
the presence of gaps. However, this cannot be considered a 
valid argument to suggest the impediment of their commercial 

Table 1. Morphological and physiological characteristics for populations with opportunistic (r) and equilibrium (K) strategies for rainforest species. 
Excerpted from O’Brien & O’Brien (1995).
Tabela 1. Características morfofisiológicas para populações com estratégias oportunistas(r) e em equilíbrio(K) para espécies da floresta tropical. 
Extraído de O’Brien & O’Brien (1995).

Selection r (Opportunistic) Selecting K (Tolerant)
Succession stage Initiation Final
Size population Without balance, usually below the support capacity, 

periodic recolonization
Constant over time, near the support capacity, without 
colonization

Mortality Density-independent, undirected or catastrophic Density-dependent, more directed
Competition Variable, usually loose Usually strong
Dispersion Long distance Local
Longevity Short, a few years Long, over 20 years
Aims to Productivity Efficiency

Table 2. Shape and amplitude of the diameter distribution of stems (for trees in unlogged forest).
Tabela 2. Forma e amplitude da distribuição diamétrica (para árvores em floresta não explorada).

Shade Tolerant Intermediate Shade Intolerant
Continuous and decreasing (J-inverted) 
diameter distribution with great number of 
individuals in the lower size classes

Continuous or not diameter distribution, 
flatter than the tolerant

Discontinuous diameter distribution, lack of 
young individuals and many individuals in 
the higher diameter classes

Diameter amplitude reduced, smaller than the 
others, below 60-70 cm

Diameter amplitude very variable (usually 
above 60-70 cm)

Large diameter range, above 70-80 cm
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Although foresters have for centuries created gaps of various 
sizes to control trees’ growth and floristic composition of 
forest stands, only when the processes of regeneration of tree 
species in tropical forests, especially those in and around gaps, 
is understood will real progress have been made in solving 
problems such as the maintenance of species richness in such 
systems and the development of non-empirical silvicultural 
systems for the sustainable management of tropical forest 
resources.
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