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ABSTRACT – The use of forest seedling banks is recommended for producing seedlings of species essential 
for specifi c forest typologies for which propagation poses challenges. However, given the lack of understanding 
of how human intervention, such as the removal of regenerating individuals from the forest, infl uences the 
composition and structure of the plant community, there is a pressing need for further research. Our primary 
objective here was to identify the eff ects of seedling removal on natural regeneration in forest communities 
and to characterize seedling bank dynamics three years after anthropogenic intervention. A randomized block 
design was used for the experiment, consisting of fi ve removal intensities (0, 25, 50, 75, and 100% removal), 
with evaluations conducted every three months for three years. All individuals of the shrub-arboreal component 
between 5–55 cm heights were measured. Collected data were analyzed to determine the impacts of the 
removal of individuals and the infl uence of environmental elements on the seedling community. We found 
that the shrub-arboreal component of the forest community exhibited marked resilience three years following 
the removal of regenerating individuals. Removal of up to 50% of regenerating individuals does not appear to 
interfere with plant community dynamics, suggesting species with a high density of individuals in the seedling 
bank are resilient to the impacts of human intervention. Although climatic seasonality also aff ects seedling 
bank dynamics in plant communities, this eff ect depends on the level of human intervention in an area and, 
therefore, has been omitted from the analysis.

Keywords: Natural regeneration ; Forest resilience; Seedling removal.

EFEITO DA REMOÇÃO DE INDIVÍDUOS REGENERANTES NA DINÂMICA DO 
BANCO DE PLÂNTULAS EM COMUNIDADES DE VEGETAIS

RESUMO – O uso do banco de plântulas da fl oresta é indicado para produção de mudas de espécies 
importantes, porém de difícil propagação, para determinada tipologia fl orestal. No entanto, intervenções como 
a retirada de indivíduos regenerantes da fl oresta podem infl uenciara composição e a estrutura da comunidade 
de plantas, devendo ter seus impactos previamente estudados. Dessa forma, o presente estudo objetivou 
identifi car os impactos da remoção de plântulas sob a regeneração natural de uma comunidade fl orestal, bem 
como caracterizar a dinâmica do banco de plântulas três anos após intervenção antrópica. O experimento 
foi conduzido no delineamento blocos ao acaso, sendo os tratamentos compostos por cinco intensidades de 
remoção de indivíduos do banco de plântulas (0, 25, 50, 75 e 100% de remoção) e realizadas avaliações a 
cada 3 meses, por um período de 3 anos. Foram mensurados todos os indivíduos do componente arbustivo-
arbóreo com altura entre 5 e 55 cm. Os dados obtidos foram analisados quanto ao impacto causado pela 
remoção dos indivíduos e a infl uência dos elementos ambientais sobre a comunidade de plântulas. Após três 
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anos de observações constatou-se que a vegetação do componente arbóreo-arbustivo apresentou capacidade 
de resiliência posterior a remoção dos indivíduos regenerantes. De maneira geral, a remoção de até 50% 
dos indivíduos não interfere na dinâmica da comunidade vegetal, podendo assim ser utilizada para espécies 
que apresentam elevada densidade de indivíduos no banco de plântulas. A sazonalidade climática direciona a 
dinâmica do banco de plântulas em comunidades vegetais, no entanto esta infl uência é dependente do nível de 
intervenção antrópica a qual a área foi submetida. 

Palavras-Chave: Regeneração natural; Resiliência fl orestal; Remoção de plântulas. 

1. INTRODUCTION

Increasing anthropogenic activity has triggered 
signifi cant changes in environmental conditions 
globally, threatening the survival of many native 
species (Kerr and Currie, 1995). Forest and soil 
degradation are limiting barriers to the sustainable 
development of terrestrial ecosystems (Liu et al., 2012) 
and are among the primary causes of biodiversity loss 
worldwide (Catterall et al., 2012).

Planting native forest species has yielded 
satisfactory results in restoring biodiversity 
(Chazdon, 2008; Brancalion et al., 2019). The 
primary goal of reforesting eff orts using native 
tree species is to slow or reverse biodiversity loss 
by counteracting obstacles to natural regeneration 
(Catterall et al., 2008). As Rodrigues et al. (2009) 
note, successful restoration of tropical ecosystems 
requires the use of plant species that are pre-adapted 
to the regional environmental conditions.

However, seedlings of native forest species are 
often diffi  cult to obtain, especially those that commonly 
occur in the fi nal successional stages (Turchetto et al., 
2016), mainly due to diffi  culties in obtaining seeds 
and a lack of technology for producing many native 
forest species. Such defi ciencies often lead to low-
diversity restoration of uniform plantations, which 
can compromise the future sustainability of restored 
forests, as is often the case for areas within fragmented 
landscapes (Viani and Rodrigues, 2008).

Previous research has led to recommendations 
that seedlings produced by naturally regenerating 
individuals in tropical forests be removed and 
replanted in nurseries to generate additional seedling 
stock (Viani and Rodrigues, 2008; Viani et al., 2012; 
Turchetto et al., 2016), allowing seedlings to become 
established before being transferred to natural sites. 

An important advantage of this approach is that large 
quantities of seedlings of species from forest types 
that are diffi  cult to propagate can be readily produced 
(Turchetto et al., 2016).

In Brazil, however, seedling removal is not 
addressed in current environmental legislation due 
to a scarcity of research on its impacts on forest 
communities. Because of this defi ciency, at present, 
this approach can only be used as a mitigation measure 
for the production of seedlings in cases where formal 
authorization has been granted for forest containment 
or replacement. In addition, diff erent regeneration 
strategies depend on the type of anthropic disturbance 
(Denslow, 1980). Moreover, strategies in subtropical 
ecosystems largely depend on seasonal climate, 
which infl uences plant community composition and 
structure (Brokaw and Scheiner, 1989). Thus, research 
on the eff ects of modifi cation or management of 
natural seedling banks must be conducted to prevent 
irreversible damage to the diversity, productivity, and 
connectivity of populations, communities, and the 
ecosystem as a whole (Viani and Rodrigues, 2008).

In the present study, our primary goal was to 
identify the impacts of seedling removal on the natural 
regeneration of a forest community and characterize 
the seasonal dynamics of the seedling bank three years 
after anthropic intervention. We sought to address the 
following two questions: a) Do high intensities of 
seedling removal compromise the dynamics of natural 
regeneration? and b) Is removal intensity linked to 
species density?

2. MATERIAL AND METHODS

2.1. Study area

The study was conducted in a remnant of the 
Subtropical Seasonal Forest (29°27'14.71" S and 
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53°18'17.86" W) in the extreme south of the Atlantic 
Forest Biome, in the central region of the state of Rio 
Grande do Sul, Brazil. The soil in the area is classifi ed 
as Regolithic Neosol (EMBRAPA, 2013) and the 
climate is subtropical, with an average annual rainfall 
of 1560 mm (Alvares et al., 2013) and well-defi ned 
seasons (Figure 1). The forest fragment we focused on 
is characterized as a secondary forest in an advanced 
stage of succession, with the last human intervention 
occurring more than 50 years ago; little sign of this 
intervention can be seen today.

2.2. Experimental design and data collection

A randomized block design was used for the 
experiment, with treatments consisting of fi ve 
intensities of removal of individuals from the seedling 
bank (0, 25, 50, 75, and 100% removal). Treatments 
were distributed in 15 blocks subdivided into fi ve 
plots of 1 m × 2.5 m, for a total of 75 plots. Additional 
details about the experimental design are presented in 
Turchetto et al. (2018).

Seedlings were considered to be individuals of 
the shrub-arboreal component ranging in height from 
5–55 cm. The initial evaluation (conducted in October 

2013) identifi ed these plants based on the APG IV 
classifi cation system (The Angiosperm Phylogeny, 
2016). All individuals meeting this criteria were 
marked with metallic plates in the initial evaluation, 
facilitating the removal of individuals via random draw. 
Determination of basic phytosociological parameters 
(density, frequency, dominance, and importance) 
allowed for the identifi cation of species with the highest 
densities in the seedling bank (Turchetto et al., 2017).

Following the initial evaluation, individuals 
were removed from each plot in accordance with 
the assigned removal intensities (0, 25, 50, 75, and 
100% removal) in November 2013. Individuals were 
carefully dug up from the soil using a gardening 
shovel to minimize possible damage to the remaining 
seedlings. In all subsequent evaluations (i.e., from 3 
to 36 months after removal), information pertaining to 
the number of individuals and species present in each 
plot was recorded, and assessments were performed 
every three months.

2.3. Data analysis

To assess the impacts of seedling removal on 
natural regeneration, an analysis of variance (ANOVA) 

Figure 1 – Meteorological data for the study region (total precipitation, average maximum and minimum temperatures). Source - 
Meteorological Station of the Department of Plant Science of the Federal University of Santa Maria (2018).

Figura 1 –  Dados meteorológicos da região de estudo (precipitação total, temperatura máxima média e temperatura mínima média). Fonte 
- Estação Meteorológica do Departamento de Fitotecnia da Universidade Federal de Santa Maria (2018).
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was performed using generalized mixed linear 
models (GLM), with negative binomial distribution 
controlling for overdispersion and the likelihood-ratio 
test evaluated using the R packages ‘MASS’ (Venables 
and Ripley, 2002) and ‘car’, respectively. Pairwise 
comparisons of the estimated marginal means were 
then undertaken using the ‘emmeans’ package in R 
(Lenth et al., 2023).

The numbers of individuals and species between 
the initial evaluation (time zero) and subsequent 
evaluation periods were compared within each 
treatment using Dunnett’s test to evaluate the 
resilience of the seedling community.

All analyses and graphics were performed in R 
Studio 4.0.0 (R Core Team 2020) at a 5% probability. 
Model fi t was checked by comparing the fi tted plot 
with a residual value plot, distribution in a QQ plot, 
and a histogram.

3. RESULTS

At 36 months, removal intensities below 50% of 
regenerating individuals presented the best results in 
terms of the numbers of individuals and regenerating 
species (Figure 2), whereas removal intensities 

equal to or greater than 75% had a negative eff ect 
on the density and richness of species present during 
natural regeneration.

When the number of individuals observed in 
the initial evaluation (time 0) was compared to the 
subsequent assessment, no signifi cant diff erences 
were found for removal intensities of 0% (p= 0.562), 
25% (p = 0.811), and 50% (p = 0.6955). However, at 
36 months, seedling densities in plots with removal 
intensities of 75% (p = 0.048) and 100% (p=0.0020) 
were signifi cantly lower than initial levels (Figure 3).

Diff erences in the number of species observed 
between evaluation periods were similar to those 
observed for the number of individuals. Community 
richness was not restored under removal intensities 
of 75% (p = 0.007) and 100% (p < 0.0001) (Figure 
4), whereas under removal intensities of 25% and 
50%, variation was similar to that observed in control 
plots (0% removal). These fl uctuations corresponded 
to the emergence, recruitment, and mortality of 
some of the most abundant species, including 
Actinostemon concolor (Spreng.) Müll.Arg. and 
Psychotria leiocarpa Cham. & Schltdl. The reduction 
in individuals between evaluation periods was also 
associated with seasonality eff ects, particularly 

Figure 2 – Number of individuals (a) and species (b) 36 months after seedlings removal from natural regeneration (0, 25, 50, 75, and 100%) 
in a Subtropical Seasonal Forest fragment in the extreme south of the Atlantic Forest Biome. Diff erent letters represent statistical 
diff erences by estimated marginal means.

Figura 2 – Número de indivíduos (a) e espécies (b) 36 meses após a retirada das mudas da regeneração natural (0, 25, 50, 75 e 100%), 
em um fragmento de Floresta Estacional Subtropical no extremo sul do Bioma Mata Atlântica. Letras diferentes representam 
diferenças estatísticas por médias marginais estimadas.
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during summer, when temperatures are elevated and 
precipitation is less frequent (Figure 1).

For the most abundant species in the seedling 
bank, as determined by the number of individuals 

Figure 3 – Comparison of the average number of individuals observed in natural regeneration in the initial evaluation and the evaluations 
made after seedling removal for each intensity. 0% removal (a); 25% removal (b); 50% removal (c); 75% removal (d) and 100% 
removal (e). *Dunnett test at 5% probability of error. Vertical bars indicate the standard error.

Figura 3 – Comparação do número médio de indivíduos observados na regeneração natural, na avaliação inicial com as avaliações 
posteriores a remoção das plântulas, para cada intensidade. 0% de remoção (a); 25% de remoção (b); 50% de remoção (c); 
75% de remoção (d) e 100% de remoção (e). *Teste de Dunnett a 5% de probabilidade de erro. Barras verticais indicam o erro 
padrão.
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counted in each evaluation (Figure 5a) and removal 
intensity (Figure 5b), diff erent recruitment strategies 

were observed in response to the removal of 
regenerating individuals. 

Figure 4 – Comparison of the average number of species observed in the natural regeneration in the initial evaluation with the evaluations 
after seedling removal for each intensity. 0% removal (a); 25% removal (b); 50% removal (c); 75% removal (d) and 100% 
removal (e). *Dunnett’s test at 5% probability of error. Vertical bars indicate the standard error. 

Figura 4 – Comparação do número médio de espécies observadas na regeneração natural, na avaliação inicial com as avaliações 
posteriores a remoção das plântulas, para cada intensidade. 0% de remoção (a); 25% de remoção (b); 50% de remoção (c); 
75% de remoção (d) e 100% de remoção (e). *Teste de Dunnett a 5% de probabilidade de erro. Barras verticais indicam o erro 
padrão.



Eff ect of the removal of regenerating individuals...

Revista Árvore 2023;47:e4717

7

A. concolor, Nectandra megapotamica (Spreng.) 
Mez, and P. leiocarpa were more abundant at the 
initial evaluation (time 0) than at 36 months following 
seedling removal. Of these, A. concolor was the 
only species equally abundant after three months of 
seedling removal as at the start.

Considering the eff ect of seedling removal on 
species with higher densities, A. concolor and P. 
leiocarpa were the only species that, 36 months 
after seedling removal, had higher numbers of 
individuals in plots where all seedlings were removed 
(100% removal). Individuals of Eugenia rostrifolia 
D.Legrand, N. megapotamica, and Trichilia claussenii 
C.DC. were reduced in number as removal intensity 
increased; however, at removal intensities of 25% and 
50%, the numbers of individuals of these species were 
similar to those observed in the control plots (0% 
removal). Notably, the number of individual Sorocea 
bonplandii (Baill.) W.C.Burger et al. decreased by as 
much as 60% in treatment plots compared to controls, 
even under relatively low removal intensities (i.e., 
25%) (Figure 5 b).

4. DISCUSSION

The results of our seedling removal experiment 
suggest that using seedling banks to produce 
seedlings from forest tree species for use in forest 
restoration eff orts may be sustainable. Seedling 
removal intensities of up to 50% did not compromise 
the characteristics or structure of the regenerating 
community, as evidenced by the fact that treatment 
plots subjected to these intensities remained similar to 
the control (0% removal). Other studies on diff erent 
forest typologies also found that low removal 
intensities (below 50%) do not interfere with plant 
community dynamics (Viani and Rodrigues, 2008; 
Turchetto et al., 2018).

However, the removal of 50% or more of 
seedlings reduced both the number of individuals and 
species richness, indicating that this level represents 
a threshold for the sustainability of regenerating 
individuals. As intensities rose, fewer species 
constituted the seedling bank, probably because of the 
need to maintain a "stock" with some species whose 

Figure 5 – Analysis of the number of individuals of the species with the highest density (Actinostemon concolor (Spreng.) Mull. Arg., 
Eugenia rostrifolia O. Legrand., Sorocea bonplandii (Baill.) WC Burger, Lanjouw & Boer, Nectandra megapotamica (Spreng. ) 
Mez., Trichilia claussenii C. DC. and Psychotria leiocarpa Cham. & Schltdl.), as a function of evaluation time (a) and seedling 
removal intensities at 36 months after removal (b) in the extreme south of the Atlantic Forest Biome. 

Figura 5 – Análise do número de indivíduos das espécies com maior densidade (Actinostemon concolor (Spreng.) Mull. Arg., Eugenia 
rostrifolia O. Legrand., Sorocea bonplandii (Baill.) W.C. Burger, Lanjouw & Boer, Nectandra megapotamica (Spreng.) Mez., 
Trichilia claussenii C. DC. e Psychotria leiocarpa Cham. & Schltdl.), em função do tempo de avaliação (a) e das intensidades 
de remoção de plântulas aos 36 meses após a remoção (b) no extremo Sul do Bioma Mata Atlântica.
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dispersion and/or regeneration is more diffi  cult. This 
scenario demonstrates that removing individuals from 
seedling banks can signifi cantly impact some species, 
especially those with a low regeneration density. 

Therefore, a thorough understanding of species 
dynamics in each habitat is urgently needed, 
including the causes, mechanisms, and factors that 
drive the natural regeneration process. However, 
at present, little is known about the regenerative 
capacity and population structure of the species that 
comprise Brazil’s forests, especially in terms of their 
response to the impacts of anthropogenic activities 
(Omondi et al., 2016).

Of the most abundant species in our forest 
fragment, only seedlings of A. concolor were more 
abundant at the time of the second evaluation (i.e., 
the fi rst following removal, December/2013) than at 
the time of the initial evaluation. A. concolor fl owers 
and develops fruit in October and November (Andreis 
et al., 2005), suggesting that a higher number of 
individuals of this species would be expected in 
subsequent evaluation periods given the dispersal 
of propagules and/or seed drop during this time; 
moreover, according to Scipioni et al. (2011), this 
species thrives in the understory, a characteristic that 
makes it a prime candidate for seedling banks. 

On the other hand, the seedling abundance of 
the species was considerably lower in the evaluations 
carried out at 12 months (December/2014) and 24 
months (December/2015), most likely attributable to 
the higher average maximum temperature and reduced 
rainfall characteristic of this season. Although most 
individuals were less than 10 cm tall, a functional 
root system is required if they are to establish, given 
that, as noted by McLaren and McDonald (2003), 
high temperatures combined with water defi cits can 
lead to desiccation and plant death. Thus, because A. 
concolor is a typical understory species that adapts 
to mild temperatures, newly emerged individuals are 
more susceptible to mortality.

Seedlings of E. rostrifolia, N. megapotamica, T. 
claussenii, and S. bonplandii were reduced in abundance 
across all treatments, regardless of removal intensity. 
Sccoti et al. (2011), who examined the mechanisms of 
natural regeneration in a Deciduous Seasonal Forest 
remnant, reported that the dispersal of E. rostrifolia 
propagules was greatly reduced over two consecutive 

years, demonstrating the reproductive seasonality of 
this species. Lower rates of regeneration exhibited by 
N. megapotamica, T. claussenii, and S. bonplandii may 
also be due to a rapid loss of viability, relatively lower 
fruit production, and seasonality eff ects.

Diff ering tolerance levels to removing 
regenerating individuals were also observed among 
species. For instance, A. concolor and P. leiocarpa 
exhibited high regeneration capacity, tolerating 100% 
removal, whereas E. rostrifolia, N. megapotamica, and 
T. claussenii—despite their populations eventually 
being restored in the seedling bank—only maintained 
regeneration capacity at 50% or lower removal 
intensities. Similarly, S. bonplandii abundance did 
not show signs of rebounding even at 36 months after 
removal. As Andrew et al. (2015) point out, even 
plants that grow in the same community typically 
diff er in their requirements, and as such, responses to 
human disturbances will vary among species.

For several species, individual abundances 
were signifi cantly reduced compared to the initial 
evaluation, and in some cases had disappeared 
altogether. Viani and Rodrigues (2008), who analyzed 
the impact of seedling removal in a forest remnant, 
observed that both species with lower regeneration 
densities and locally rare species were extirpated from 
the experimental area, demonstrating the detrimental 
eff ects of seedling removal on populations of 
such species. As such, removing species with low 
population densities should be avoided when the 
objective is to produce forest species seedlings from 
natural regeneration.

The results of the present study indicate that 
Picrasma crenata (Vell.) Engl. and Diospyros 
inconstans Jacq., both rare late secondary species 
with discontinuous distributions (Carvalho, 2006), 
vanished from the experimental area following the 
removal of regenerating individuals, indicating 
that seedling removal reduced the capacity of these 
populations to regenerate sustainably.

Populations of Prunus myrtifolia (L.) urb. and 
Cordia americana (L.) Gottschling JSMill., which 
require high levels of light during development 
(Leonhardt et al., 2008; Vaccaro et al., 1999), were 
signifi cantly lower in the seedling bank following the 
removal of regenerating individuals. Developing and 
maintaining soil seed banks is an essential adaptive 
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strategy for early-successional species (Dalling et 
al., 1998). Regeneration occurs after signifi cant 
disturbances lead to increased light exposure in the 
understory and cause seeds to translocate to the upper 
strata of the forest soil. Because of this, excessive 
removal of these species from the plant community 
can hamper forest successional processes following 
disturbances (e.g., clearings that form after trees fall).

During this experiment, it was possible to identify 
seasonality in the recruitment of seedlings from the 
shrub-arboreal component. Previous research on 
seedling banks in Seasonal Tropical Forests have also 
indicated species density and richness variations over 
time during regeneration (McLaren and Mcdonald, 
2003; Venturoli et al., 2011). Both richness and 
density are infl uenced by climatic factors.

We observed marked seasonal eff ects on 
species density and richness of species during 
natural regeneration, accounting for the reduction 
in both individuals and species in the evaluations 
conducted at 12 months (December/2014) and 24 
months (December/2015) following removal. These 
assessments were performed in summer when 
temperatures were considerably higher (Figure 1). 
Previous studies have shown that natural regeneration 
rates of seasonal forests are greatly aff ected by 
ambient temperatures (McLaren and McDonald, 
2003), and that environmental conditions infl uence a 
wide range of plant physiological processes, including 
seed production patterns, seedling germination, 
survival, and development (Khurana and Singh, 
2001). For instance, Gerhardt et al. (1992) reported a 
reduction in the number of individuals during warmer 
periods of the year, while Metz et al. (2008) noted that 
seedling communities are more susceptible to higher 
temperatures and seasonal water defi cits because of 
their shallower root systems restricted to the surface 
layer of the soil. Moreover, periods of infrequent 
precipitation can result in water defi cits, exacerbated 
by higher temperatures and more intense solar 
radiation, leading to plant desiccation and mortality 
(McLaren and McDonald, 2003).

The results of our analysis suggest that using 
seedlings taken from natural areas as a source of 
propagules for subsequent use in forest restoration 
projects through the transplantation of regenerating 
individuals may be sustainable if undertaken 

at moderate removal intensities (up to 50% of 
individuals). However, restoration eff orts for which 
this technique might be used should rely only on 
species with abundant natural regenerative capacity 
and that develop seedling banks as an adaptive strategy. 
As Souza et al. (2018) observed, of the thousands of 
seedlings in a forest, only a handful of individuals 
complete their life cycles, while the majority succumb 
to abiotic and biotic fi lters and stochastic events.

5. CONCLUSION

Our experiments show that removing regenerating 
individuals at high intensities (>50% of seedlings) 
compromises the recruitment of new individuals and 
seriously threatens successional continuity.

Late secondary species generally have a high 
density of individuals in the seedling bank, and are 
thus generally resilient to anthropogenic intervention. 
However, the potential for recovery varies greatly 
among plant species. Our analysis indicates that 
removing up to 50% of individuals in the seedling 
bank is tolerable for A. concolor, E. rostrifolia, T. 
claussenii, N. megapotamica, and P. leiocarpa.

In addition, any level of seedling removal from 
natural banks can greatly impact or even lead to the 
local extirpation of rare or low-density species, and 
therefore, removal of seedlings is recommended only 
for species with high densities of individuals in the 
seedling bank.

AUTHOR CONTRIBUTIONS

FT and MMA conceived and designed the study; 
FT, AMG, RMC and JCM conducted the experiment; 
FT and FOF analyzed the data; FT and MMA wrote 
the fi rst manuscript draft; AMG, RMC, JCM and FOF 
reviewed and edited the manuscript; All authors read 
and approved the fi nal manuscript.

6. REFERENCES

Alvares CA, Stape JL, Sentelhas PC, De Moraes 
Gonçalves JL, Sparovek G. Köppen’s climate 
classification map for Brazil. Meteorologische 
Zeitschrift. 2013; 22: 711–728. doi:10.1127/0941-
2948/2013/0507.

Andreis C, Longhi SJ, Brun EJ, Wojciechowski JC, 



Turchetto F et al.

Revista Árvore 2023;47:e4717

10

Machado AA, Vaccaro S, et al. Estudo fenológico em 
três fases sucessionais de uma Floresta Estacional 
Decidual no município de Santa Tereza, RS, Brasil. 
Revista Árvore. 2005; 29(1): 55-63. doi:10.1590/
S0100-67622005000100007

Andrew SM, Totland O, Moe SR. Spatial variation 
in plant species richness and diversity along 
human disturbance and environmental gradients 
in a Tropical Wetland. Wetlands Ecology and 
Management. 2015; 23(3): 395-404. doi:10.1007/
s11273-014-9390-2

Brancalion PHS, Campoe O, Mendes JCT, Noel 
C, Moreira GG, Van Melis, J, et al. Intensive 
silviculture enhances biomass accumulation and 
tree diversity recovery in tropical forest restoration. 
Ecological Applications. 2019; 29(2): 1-12. 
doi:10.1002/eap.1847

Brokaw NVL, Scheiner SM. Species composition 
in gaps and structure of a Tropical Forest. Ecology. 
1989; 70(3): 538-541.

Carvalho PER. Espécies arbóreas brasileiras. 
Colombo PR: Embrapa Florestas; 2006. v.2

Catterall CP, Kanowski J, Wardell-Johnson J. 
Biodiversity and new forests: interacting processes, 
prospects and pitfalls of rainforest restoration. In: 
Stork N, Turton S. Living in a Dynamic Tropical 
Forest Landscape. Wiley-Blackwell, Oxford, 2008. 
p.510–525.

Catterall CP, Freeman AND, Kanowski J, Freedoby 
K. Can active restoration of tropical rainforest rescue 
biodiversity? A Case with bird community indicators. 
Biological Conservation. 2012; 146(1): 53-61. 
doi:10.1016/j.biocon.2011.10.033

Chazdon RL. Beyond deforestation: restoring 
forests and ecosystem services on degraded lands. 
Science. 2008; 320(5882): 1458-1460. doi:10.1126/
science.1155365

Dalling JW, Swaine MD, Garwood NC. Dispersal 
patterns and seed bank dynamics of pioneer trees in 
moist tropical forest. Ecology. 1998; 79(2): 564-578.

Denslow JS. Gap partitioning among Tropical 
Rainforest trees. Biotropica. 1980; 12(2): 12:47-55. 
doi:10.2307/2388156

EMBRAPA. Sistema brasileiro de classificação de 
solos. Brasília, DF: Embrapa. 2013.

Kerr JT, Currie DJ. Effects of human activity on 
global extinction risk. Conservation Biology. 1995; 
9(6): 1528-1538.

Khurana E, Singh JS. Ecology of seed and 
seedling growth for conservation and restoration 
of tropical dry forest: a review. Environmental 
Conservation. 2001; 28(1): 39-52. doi:10.1017/
S0376892901000042

Gerhardt K, Hytteborn H. Natural dynamics and 
regeneration methods in tropical dry forests: an 
introduction. Journal of Vegetation Science. 1992; 
3(3): 361-364. doi:10.2307/3235761

Lenth RV, Bolker B, Buerkner P, Vázquez IG, Herve 
M, Jung M et al. Emmeans: Estimated Marginal 
Means, aka Least-Squares Means. 2023. v. 1.8.8.

Leonhardt C, Bueno OL, Calil AC, Busnello Â, 
Rosa R. Morfologia e desenvolvimento de plântulas 
de 29 espécies arbóreas nativas da área da bacia 
hidrográfica do Guaíba, Rio Grande do Sul, Brasil. 
Iheringia, Série Botânica. 2008; 63(1): 5-14.

Liu Y, Wei X, Guo X, Niiu D, Zhang J, Gong X, 
et al. The long-term effects of reforestation on soil 
microbial biomass carbon in sub-tropic severe 
red soil degradation areas. Forest Ecology and 
Management. 2012; 285: 77-84. doi:10.1016/j.
foreco.2012.08.019

McCune B, Grace JB. Analysis of ecological 
communities. Gleneden Beach, Oregon. 2008.

McLaren KP, McDonald MA. Coppice regrowth in 
a disturbed tropical dry limestone forest in Jamaica. 
Forest Ecology and Management. 2003;180(1-3): 99-
111. doi:10.1016/S0378-1127(02)00606-0

Metz MR, Comila LS, Chen YY, Norden N, Condit 
R, Hubbell SP, et al. Temporal and spatial variability 
in seedling dynamics: A cross-site comparison in four 
lowland tropical forests. Journal of Tropical Ecology. 
2008; 24(1): 9-18. doi:10.1017/S0266467407004695

Omondi SF, Odee DW, Ong’amo G, Kanya JI, Khasa 
DP. Effects of anthropogenic disturbances on natural 
regeneration and population structure of gum arabic 
tree (Acacia senegal) in the Woodlands of Lake 



Eff ect of the removal of regenerating individuals...

Revista Árvore 2023;47:e4717

11

Baringo Ecosystem, Kenya. Journal of Forestry 
Research. 2016; 28: 775-785. doi:10.1007/s11676-
016-0349-4

R Core Team. R: A language and environment for 
statistical computing. R Foundation for Statistical 
Computing, Vienna, Austria. 2020

Rodrigues RR, Lima RAF, Gandolfi S, Nave AG. 
On the restoration of high diversity forests: 30 
years of experience in the Brazilian Atlantic Forest. 
Biological Conservation. 2009; 142(6): 1242–1251. 
doi:10.1016/j.biocon.2008.12.008

Sccoti MSV, Araujo MM, Wendler CF, Longhi 
SJ. Mecanismos de regeneração natural em 
remanescente de Floresta Estacional Decidual. 
Ciência Florestal. 2011; 21(3): 459-472. 
doi:10.5902/198050983803

Scipioni MC, Finger CAG, Cantarelli EB, Denardi 
L, Meyer EA. Fitossociologia em fragmento 
florestal no noroeste do estado do Rio Grande 
Do Sul. Ciência Florestal. 2011; 21(3): 409-419. 
doi:10.5902/198050983799

Souza CC, Rosa A, Souza K, Cruz AP, Gonçalves 
DA, Pscheidt F, et al. Potencial regenerativo de uma 
floresta ecotonal na região do Alto Uruguai em Santa 
Catarina. Ciência Florestal. 2018; 28(1): 345-356. 
doi:10.5902/1980509831605

The Angiosperm Phylogeny Group; Chase MW, 
Christenhusz MJM, Fay MF, Byng JW, Judd WS, 
Soltis DE, Mabberley DJ, Sennikov AN, Soltis PS, 
Stevens PF. An update of the Angiosperm Phylogeny 
Group classification for the orders and families 
of flowering plants: APG IV. Botanical Journal of 
the Linnean Society. 2016;181:1–20. doi:10.1111/
boj.12385

Turchetto F, Araujo MM, Tabaldi LA, Griebeler 
AM, Rorato DG, Aimi SC, et al. Can transplantation 
of forest seedlings be a strategy to enrich seedling 

production in plant nurseries? Forest Ecology and 
Management. 2016; 375: 96–104. doi:10.1016/j.
foreco.2016.05.029

Turchetto F, Araujo MM, Callegaro RM, 
Griebeler AM, Mezzomo JC, Berghetti ALP, et al. 
Phytosociology as a tool for forest restoration: a 
study case in the extreme South of Atlantic Forest 
Biome. Biodiversity and Conservation. 2017; 23: 
1–18. doi:10.1007/s10531-017-1310-3

Turchetto F, Araujo MM, Marcuzzo SB, Berghetti 
ÁLP, Rorato DG, Griebeler AM, et al. Impact of 
seedling removal on natural regeneration in the 
southern Atlantic Forest remnant. Cerne, 2018; 
24(2): 98-105. doi:10.1590/01047760201824022517

Vaccaro S, Longhi SJ, Brena DA. Aspectos da 
composição florística e categorias sucessionais do 
estrato arbóreo de três subseres de uma Floresta 
Estacional Decidual, no Município de Santa 
Tereza - RS. Ciência Florestal. 1999; 9(1): 1-18. 
doi:10.5902/19805098360

Venables, WN, Ripley BD. Modern Applied 
Statistics, Springer, New York. 2002. v.2

Venturoli F, Felfili JM, Fagg CW. Avaliação temporal 
da regeneração natural em uma Floresta Estacional 
Semidecídua secundária, em Pirenópolis, Goiás. 
Revista Árvore. 2011. 35(3): 473-483. doi:10.1590/
S0100-67622011000300010

Viani RAG, Brancalion PHS, Rodrigues RR. Corte 
foliar e tempo de transplantio para o uso de plântulas 
do sub-bosque na restauração florestal. Revista 
Árvore. 2012; 36(2): 331-339. doi:10.1590/S0100-
67622012000200014

Viani RAG, Rodrigues RR. Impacto da remoção 
de plântulas sobre a estrutura da comunidade 
regenerante de Floresta Estacional Semidecidual. 
Acta Botanica Brasilica. 2008; 22(4): 1015-1026. 
doi:10.1590/S0102-33062008000400012




