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HIGHLIGHTS

e Bamboo forests occupy more than 150,000 kmz2 in the southwestern Amazon, in Brazil, Peru and
Bolivia.

e The soil seed bank is essential for regeneration and succession in tropical forests.
e Forests with bamboo have a lower diversity of seeds and number of emerged seedlings.

e The floristic similarity between the soil seed banks of forests with and without bamboo is low.

Abstract: The soil seed bank is essential for natural regeneration in tropical forests, but it was not known
whether the predominance of bamboos of the genus Guadua in the forest understory influenced the
composition and diversity of the soil seed bank and forest regeneration. For these reasons, we evaluated the
soil seed bank in Western Amazon forests with and without dominant bamboo (Guadua spp.), comparing the
density of emerged seedlings and floristic composition. The study was carried out in a forest fragment in the
municipality of Senador Guiomard, Acre (10°04'S; 67°37'W. Altitude: 241 m), in forest typologies with and
without dominant bamboo in the understory. In each typology, 20 samples of the soil seed bank were
collected and germinated in an oven. Counting and identifying the emerged seedlings revealed a higher
number of seedlings, density of emerged seedlings and species diversity in the samples from the forest
without bamboo. The floristic similarity between the seed banks was low. In the forest with bamboo, the most
common species were Trema micranthum, Cecropia sciadophylla and Alchorneopsis floribunda, while in the
forest without bamboo it was Saccoloma sp.
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INTRODUCTION

Forest regeneration and succession are crucial for the maintenance of forest ecosystems. These
processes depend on the occurrence of seed dispersal and recruitment of new plants from the seedling bank
and the seed bank in the forest floor [1, 2]. The soil seed bank is essential for natural regeneration in tropical
forests [3] and is considered a stock of viable vegetative propagules present on the surface or in the
subsurface layer of the soil, consisting mainly of seeds from species with high dispersal efficiency, dormancy,
high production and high longevity [4]. Various natural or man-made factors can affect these processes.
Knowing the seed bank composition is important for understanding the dynamics of vegetation [5] and its
role in the regeneration of tropical forests in the face of growing threats, particularly those arising from
deforestation and changes in land use. It is also important for assessing the vulnerability of forests and
supporting the application of strategies to conserve and maintain biodiversity [6].

In the Western Amazon, an area estimated between 155,159 and 161,500 km? that stretches between
Brazil (Acre and Amazonas States), Bolivia (Pando Department) and Peru (Madre de Dios Department) [7,
8] is covered by native forests with the understory dominated by bamboos of the genus Guadua. Guadua is
one of the most widely distributed genera of native bamboos in the Americas, with 20 of its 25 species
occurring naturally in the forests of the Amazon biome. The genus includes the largest bamboo species in
the Neotropics, with some of them reaching up to 30 m in height and 20 cm in diameter [9]. The bamboo
forests of the southwestern Amazon are the largest extension of bamboo-dominated Neotropical forests on
the planet [10]. Guadua weberbaueri Pilger and Guadua sarcocarpa Londofio & Peterson stand out among
the native bamboo species most frequently found in these Western Amazon forests [11].

The dominance of this grass in the forest environment promotes drastic changes in the structure and
functioning of these forests [11, 12, 13]. It is known that bamboo-dominated forests have a lower density and
diversity of tree species, leading to a reduction in basal area compared to forests where bamboo is not
present[12, 13]. In addition, such areas also have higher tree mortality and a reduction of up to 50% in carbon
sequestration [14, 15].

In the eastern region of Acre, where this study was carried out, most of the trees in the dominant bamboo
forests lose their leaves during the prolonged dry season. This seasonal behavior allows more light to
penetrate to the forest floor, favoring the perpetuation of bamboo in the understory [11] and possibly
influencing the germination of the soil seed bank, since temperature and light are among the most influential
environmental factors in seed bank germination [16]. The presence of bamboo can also promote changes in
nutrient cycling, in the local microclimate by opening up clearings [8] and, consequently, natural regeneration,
limiting the perpetuation of species [17, 18].

The changes that bamboo dominance causes in forests reduces the diversity and alters the composition
of seed species that arrive in forests through seed rain, interferes with the way seeds are dispersed and
increases the circulation of propagules through abiotic dispersal mechanisms [17].

Since there are no studies evaluating the impact of bamboo dominance on the composition and diversity
of the soil seed bank, two hypotheses can be put forward. In the first hypothesis (Null Hypothesis HO), it is
assumed that the dominant presence of bamboo in the forest understory does not influence the composition
and diversity of the soil seed bank. In the second hypothesis (Alternative Hypothesis H,), the dominant
presence of bamboo in the forest influences the composition and diversity of the soil seed bank, resulting in
significant differences when comparing the seed banks in forests with and without bamboo.

Thus, the present study aimed to evaluate the soil seed bank in forests in Western Amazonia with and
without dominant bamboo in the understory, comparing the density of emerged seedlings and the floristic
composition of the seed banks originating from the two forest typologies.

MATERIAL AND METHODS

Characterization of the study area

The study was carried out inside the forest fragment at the Catuaba Experimental Farm (Figure 1), a
research area belonging to the Federal University of Acre, located in the municipality of Senador Guiomard
(10°04'S; 67°37'W. Alt.: 241 m), around 23 km from the city of Rio Branco.

There are primary and secondary forests on the site, the latter especially in the edge areas. The primary
forest area is made up of two distinct types: 'Open Ombrophilous Forest with Bamboo' and 'Open
Ombrophilous Forest with Palm Trees' [19]. The local relief is characterized as gently undulating and the
predominant soils in the area are typical dystrophic RED LATOSOL, typical aluminum-yellow RED LATOSOL,
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typical dystrophic RED ARGISOL, typical dystrophic HAPLIC PLINTOSOL and dystrophic Ta HAPLIC
GLYSOL, all with low natural fertility [20].
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Figure 1. Location of the Catuaba Experimental Farm, in Senador Guiomard, Acre, Brazil. Source: Authors (2024).

The local climate is hot and humid equatorial, with two distinct seasons. The dry season, between mid-
April and mid-September, and the rainy season, between mid-October and mid-April. The driest month is
June (31.6 mm) and the wettest January (289 mm). The average annual rainfall is 1,947.5 mm and the
average annual temperature is 24.8 °C, oscillating between 23.2 °C and 25.7 °C [21, 22].

Collecting and monitoring the soil seed bank

To collect seed bank samples, two 0.8-hectare plots were set up 500 m apart to ensure independence
between replicates [6]. One in the forest typology with dominant bamboo (‘Open Ombrophilous Forest with
bamboo’) and the other in the typology where bamboo was not dominant ('Open Ombrophilous Forest with
palm trees'), which was also considered the control plot to contrast changes in the composition and density
of the seed bank from the bamboo-dominated forest. The plots were linear in shape (20 m wide x 400 m long)
[23] to ensure the collection of the greatest possible variability of soil seed bank samples across the two
forest typologies.

Twenty samples of the soil seed bank were collected in mid-January, at the height of the rainy season
in the region, from areas where the greatest abundance, diversity and density of emerging seedlings could
be observed in each forest typology (40 samples in total), with samples taken at a distance of 20 m from each
other. To standardize the sample collection, a 25 cm x 25 cm template was used in conjunction with a metal
shovel with a square nozzle. Before the collection, the litter above the ground was removed [6]. Once
collected, the samples were placed in plastic trays (42 cm long x 28 cm wide x 7 cm high). As the conditions
found in the forest environment make it difficult to take samples with a uniform thickness, washed sand was
placed in each tray in order to homogenize the thickness of the samples. It was estimated that the average
thickness of the soil layer collected from the 40 samples was 3.9 cm, which was equivalent to 2,437 cm3 of
soil/sample.
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Once the samples had been taken, they were transported to the greenhouse of the seedling production
nursery at the Zoobotanical Park of the Federal University of Acre, located in the city of Rio Branco, Acre.
The samples were irrigated evenly and seedling emergence was monitored for 106 days, and was considered
to have ended when it stabilized and no new individuals were counted.

Identification of emerged seedlings

The emerged seedlings were identified by consulting literature and the help of a taxonomic identifier
specialized in the identification of seedlings from Amazon primary and secondary forests (Dr. Tony Vizcarra
Bentos, co-author of the study). The identification took place both with the individuals in the trays and
exsiccates and photographs sent to the identifier, since all the plants were removed from the trays after the
first opened pair of leaves had emerged for the exsiccates to be made.

Quantitative and qualitative analysis

The direct counting method of emerged seedlings was used to analyze their density, which was
determined using the ratio between the total number of emerged seedlings in the samples from each forest
type and the total area of the trays used to store the seed bank samples (0.1176 mz3/tray, 2.352 m2/type).

Statistical analysis was carried out to assess significant differences between the number and the density
of germinated seedlings in samples from the areas with and without dominant bamboo. The Shapiro-Wilk
test was applied to verify the normality of the data from the two areas. To normalize the data distribution, the
logarithmic transformation loglp(x) was applied, which calculates the natural logarithm of (1 + Xx). This
approach is advantageous because it deals with zero values without causing errors, since the logarithm of
zero is undefined. The transformation was applied to each germinated seedling count value whose
distribution did not follow a normal distribution. The logarithmic transformation is especially useful for reducing
positive asymmetry and compressing extreme values, making the data distribution more symmetrical.

After the logarithmic transformation, the normality of the transformed data was checked again. With the
data normalized, the analysis continued by applying Welch's T-test to compare the mean germination counts
and densities between the areas with and without bamboo. This test was chosen to deal with unequal
variances between the groups tested. These analyses were carried out using Python 3.11 software, with the
help of the Pandas Libraries (version 1.5.3) for manipulating and organizing the data and scipy (version
1.11.1) for running the statistical tests. The level of statistical significance of the tests was 0.05.

To assess whether the impact of bamboo on the composition and density of the soil seed bank was
significant, several packages of the RStudio software (version 2024.12.1) were used. Data import was
performed using the readxl package, which enabled efficient reading of Excel spreadsheets. For the
ecological transformation of the data, the decostand function from the vegan package was employed,
applying the Hellinger transformation.

Floristic diversity was assessed by calculating the Shannon-Wiener diversity index (H) and Pielou's
evenness (J"). In addition, we also used the online tool INEXT [24] to assess species diversity at different
sample sizes and coverage levels, facilitating the calculation of rarefaction curves and extrapolation based
on Hill's numbers. Using incidence data based on sampling units, rarefaction and extrapolation curves were
produced for species diversity, both based on sample size and coverage. Hill number interpolation and
extrapolation sampling curves were calculated for the three most widely used orders: species richness (q=0),
Shannon diversity (g=1) and Simpson diversity (q=2). We applied 10 bootstrap replicates and set the
confidence interval (Cl) at 95% for these analyses.

It should be noted that measuring diversity using the Hill-Chao coefficients is a method that unifies
different biodiversity parameters, such as species richness (q = 0), Shannon diversity (q = 1) and Simpson
diversity (q = 2), and is also used to measure phylogenetic and functional diversity. Furthermore, it is a tool
that can be adapted according to the needs of users, who can adjust the sensitivity of the method to the
presence of rare or dominant species [25].

Floristic similarity between the areas was compared by determining Jaccard's similarity index (Sj) using
Microsoft Excel 2013 software. Similarity between samples was also calculated using the Bray-Curtis
distance with the vegan package of the RStudio Software.

To test for significant differences between groups, a PERMANOVA analysis (adonis) was conducted [26,
27], allowing the evaluation of variation between bamboo and non-bamboo conditions. Data ordination was
performed through Principal Coordinates Analysis (PCoA) using the ape package of the RStudio [28],
facilitating the visualization of spatial relationships among samples. Finally, the results were visualized using
the ggplot2 package, which enabled the creation of plots with ellipses representing the dispersion of samples
within each group, facilitating the interpretation of differences among the analyzed typologies.
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RESULTS

A total of 293 seedlings emerged, 109 in the seed bank samples from the dominant bamboo forest
typology and 184 in the samples from the non-dominant bamboo typology (Table 1). In the samples from the
area with dominant bamboo, an average of 5.45 plants/sample emerged (max = 19 plants/sample; min = 1
plant/sample; CV (%) = 79.23%). In the samples from the area not dominated by bamboo, there was an
average of 9.30 plants/sample (max = 24 plants/sample; min = 1 plant/sample; CV (%) = 72.93%).

The density of emerged seedlings in the samples from the forest typology with dominant bamboo was
46.3 seedlings/mz of sample, while in the samples from the forest typology without dominant bamboo, it was
79.0 seedlings/m? of sample.

Statistical analysis to assess significant differences between the density of germinated seedlings showed
that in the forest without dominant bamboo the distribution was normal (n = 20; mean = 79.08; sd = 59.18; p
= 0.08), while in the forest with dominant bamboo the data did not follow a normal distribution (n = 20; mean
=46.34; sd = 37.67; p = 0.003). Therefore, after logarithmically transforming the values (n = 20; mean = 3.53;
sd = 0.84; p = 0.33), Welch's T-test was used to compare the mean germination densities observed in the
samples of forest types with and without dominant bamboo.

Table 1. Families and botanical species identified, and number of germinated seedlings from soil seed bank from forests
with and without dominant bamboo (Guadua spp.) in the understory at the Catuaba Experimental Farm, Senador
Guiomard, Acre, Brazil.

Individual numbers

Family Species
FWB!? NBF2

Achariaceae Lindackeria paludosa (Benth.) Gilg 0 2
Arecaceae Euterpe precatoria Mart. 2 1
Asteraceae Species unknown 1 0 20
Bixaceae Bixa orellana L. 2 0
Bignoniaceae Jacaranda copaia (Aubl.) D.Don 1 1
Cannabaceae Trema micranthum (L.) Blume 37 6
Euphorbiaceae Alchorneopsis floribunda (Benth.) Mull.Arg. 10 4
Euphorbiaceae Sapium glandulosum (L.) Morong 3 1
Fabaceae Abrus melanospermus Hassk. 1 0
Fabaceae Mimosa sp. 3 1
Fabaceae Senegalia sp. 1 1
Fabaceae Senna sp. 0 1
Heliconeaceae Heliconia sp. 0 1
Hypericaceae Vismia japurensis Reichardt 1 0
Lindsaeaceae Lindsaea lancea (L.) Bedd. 0 1
Malphigiaceae Byrsonima duckeana W.R.Anderson 0 1
Malvaceae Ceiba pentandra (L.) Gaertn. 0 1
Melastomataceae Clidemia sp. 3 4
Melastomataceae Species unknown 2 0 2
Meliaceae Cedrela fissilis Vell. 0 1
Metaxyaceae Metaxya sp. 0 24
Poaceae Guadua sp. 2 1
Poaceae Paspalum sp. 1 0
Poaceae Species unknown 3 0 1
Passifloraceae Passiflora nitida Kunth 1 0
Piperaceae Piper sp. 2 2
Saccolomataceae Saccoloma sp. 0 52
Sapindaceae Serjania sp. 4 0
Sapindaceae Paullinia sp. 2 13
Solanaceae Solanum rugosum Dunal 6 3
Solanaceae Solanum crinitum Lam. 1 4
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Cont. Table 1

Urticaceae Cecropia distachya Huber 0 2
Urticaceae Cecropia sciadophylla Mart. 22 30
Urticaceae Laportea aestuans (L.) Chew 1 0
Urticaceae Pourouma sp. 0 1
Family unknown 1 Species unknown 4 1 0
Family unknown 2 Species unknown 5 1 0
Family unknown 3 Species unknown 6 1 0
Family unknown 4 Species unknown 7 0 1
Family unknown 5 Species unknown 8 0 1
Total 109 184

1IFWB - Forest with dominant bamboo; NBF - Forest without dominant bamboo

The p-value obtained in the Welch's T-test (0.00001671) was significantly lower than the significance
level of 0.05, indicating a statistically significant difference in seedling density germination between the
samples compared. As the log-transformed mean density of germinated seedlings in the forest typology with
dominant bamboo was significantly lower, this suggests that the presence of bamboo may be limiting the
number of seeds or germinated seedlings of other species in places where it is dominant.

With regard to the statistically significant differences between the number of germinated seedlings in the
areas compared, the forest without dominant bamboo showed a normal distribution (n = 20; mean = 9.30; sd
= 6.96; p = 0.08), while in the forest with dominant bamboo the data did not follow a normal distribution (n =
20; mean = 5.45; sd = 4.43; p = 0.003). After logarithmically transforming the values (n = 20; mean = 1.67;
sd = 0.84; p = 0.45), Welch's T-test was applied to compare the germination means of the samples of the
different forest types. The p-value obtained in the Welch's T-test (0.00009835) was significantly lower than
the significance level of 0.05, indicating a statistically significant difference in seedling germination counts.
The log-transformed mean of seedling germination in the forest with dominant bamboo was significantly
lower, indicating that the presence of bamboo may be limiting the germination of seedlings of other species
in this typology.

With regard to the qualitative analysis, of the 293 seedlings that emerged, 188 were identified to family
level. Five were not identified to family level and are called “Unknown family 1” to “Unknown family 5” (Table
1). Of the botanical families identified, 9 were exclusive to the forest without bamboo and 3 to the forest with
bamboo. Overall, 121 seedlings were identified at genus level and 144 at species level. In the forest area
without bamboo, 6 species and 5 genera were unique to the area, while in the forest with bamboo, 5 species
and 2 genera were unigue. Occurring in both forest typologies were 8 species and 6 genera, respectively.
Three seedlings from the area without bamboo were identified only to family level.

In the area dominated by bamboo, the most abundant species were Trema micranthum (Cannabaceae),
Cecropia sciadophylla (Urticaceae) and Alchorneopsis floribunda (Euphorbiaceae), with 37, 22 and 10
individuals, respectively. The Fabaceae family showed the greatest specific diversity, represented by the
species Abrus melanospermus, Mimosa sp. and Senegalia sp. In the typology where bamboo was not
dominant, the most abundant species were Saccoloma sp. (Saccolomataceae), Cecropia sciadophylla
(Urticaceae), and Metaxya sp. (Metaxyaceae), with 52, 30 and 24 individuals, respectively. The Fabaceae
and Urticaceae families had the highest number of species, with three each.

With regard to the diversity indices, there was greater diversity in the area not dominated by bamboo (H'
= 2.41) (Table 2). It should be noted that the Shannon-Wiener index (H') is a metric used to assess species
richness in an area, and the higher its value, the more diverse the number of species at the site [29].

Table 2. Values of the Shannon-Wiener diversity index (H"), Pielou's equability (J") and Jaccard's similarity (Sj) for forests
with and without dominant bamboo (Guadua spp.) in the understory at the Catuaba Experimental Farm, Senador
Guiomard, Acre, Brazil.

Index FWB! NBF2
H’ 2,32 2,41
J 0,49 0,46
Sj 0,35

1IFWB - Forest with dominant bamboo; NBF - Forest without dominant bamboo
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The Pielou's equability index (J') calculation for the area dominated by bamboo was J' = 0.49, and J' =
0.46 in the area not dominated by bamboo. This indicates that in the analyzed samples, 49% and 46% of the
theoretical maximum diversity of each area was observed, respectively [30]. This index reflects the equability
of the distribution of individuals of the species, where values close to 1 indicate high uniformity and values
close to 0 low uniformity [31].

Jaccard's similarity index revealed a 35% similarity (Sj = 0.35) between the species identified in each
forest typology. It is important to note that the species C. sciadophylla, which is a pioneer and heliophilous
tree, is present in great abundance both in the samples from the area dominated by bamboo and in the area
where bamboo did not dominate.

The PERMANOVA analysis (p = 0.001; F = 4.1427) (Table 3) indicates statistical evidence that bamboo
dominance significantly influences the composition of the soil seed bank. This suggests that different
environmental conditions, such as the dominance or absence of bamboo, may lead to significant differences
in the structure of the seed community.

Table 3. PERMANOVA results evaluating the effect of bamboo (Guadua spp.) dominance on the composition of the sail
seed bank at the Catuaba Experimental Farm, Senador Guiomard, Acre, Brazil.

Source Df SumOfSgs R2 F p-value(Pr(>F))
Model 1 1.4646 0.1006 41427 0.001 ***
Residual 37 13.0810 0.8993 - -

Total 38 14.5456 1.0000 - -

Df - Degrees of freedom; SumOfSgs — Sums of square; R? - Coefficient of Determination; F - F-statistic. *** - Significant
at the 0.1% level (P>0,001).

Regarding the Principal Coordinates Analysis (PCoA), it was observed that the soil seed bank samples
collected from the bamboo-dominated area exhibited greater dispersion, indicating higher variability. In
contrast, samples collected from the area without bamboo dominance were more clustered, suggesting
greater similarity. The greater separation between the groups in the graph also indicates a greater difference
in floristic composition and visually reinforces the PERMANOVA result (Figure 2).

N o
0.6

X
. 04
© e
s @
&
o~ o @
» e %
- 00 @
x ®
< e,
).4 ol
s
-04 0.0 0.4 0.8
Axis 1 (19.4%)
® With bamboo ©® Without bamboo

Figure 2. Principal Coordinates Analysis (PCoA) of soil seed bank composition in forests areas with and without bamboo
(Guadua spp.) dominance in the understory at the Catuaba Experimental Farm, Senador Guiomard, Acre, Brazil.
Source: Authors (2024).

The coverage-based sampling curve revealed that, when sampling effort is standardized by sample coverage
proportion, areas without bamboo presence exhibit higher taxonomic diversity in the soil seed bank compared
to bamboo-dominated areas. Although both areas reached high sample coverage, the extrapolated diversity
values indicate that the seed community in areas without bamboo is richer in species. This difference
becomes more evident at coverage levels above 90%, suggesting that bamboo may be associated with a
reduction in species diversity in the soil seed bank (Figure 3).
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Figure 3. Coverage-based sampling curves for taxonomic diversity of the soil seed bank from forests with and without
bamboo (Guadua spp.) dominance in the understory at the Catuaba Experimental Farm, Senador Guiomard, Acre,
Brazil. Source: Authors (2024).

The diversity profile based on Hill numbers shows that the taxonomic diversity of the soil seed bank is
consistently higher in areas without bamboo presence, especially when the emphasis is on rare species (q =
0) (Figure 4). This difference tends to decrease as the value of q increases, indicating that bamboo presence
has a greater impact on species richness than on the relative abundance of dominant species. At g = 2,
diversity values are similar between the areas, suggesting that the most common species occur in both forest
types. The asymptotic curves reveal that the true diversity may be even higher, particularly in areas without
bamboo, reinforcing the idea that bamboo exerts a restrictive effect on seed bank diversity, mainly by limiting
the presence of rare species.
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Figure 4. Observed (dashed lines) and asymptotic (solid lines) taxonomic diversity profiles based on Hill numbers (g =
0 to g = 2) for the soil seed bank from forests with and without bamboo (Guadua spp.) dominance in the understory at
the Catuaba Experimental Farm, Senador Guiomard, Acre, Brazil. Source: Authors (2024).
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DISCUSSION

A study that evaluated the soil seed bank in areas with and without bamboo dominance in a fragmented
forest located in the state of Sdo Paulo, Brazil, found a higher number of seedlings emerged in samples of
the soil seed bank from the bamboo-dominated forest [32], diverging from the result found in this study.
According to the authors of the study, the greater seedlings abundance in the soil seed bank samples from
the bamboo area was due to the high number of ruderal herbaceous species, such as those from the Poaceae
and Cyperaceae families, which accounted for 41% and 23% of the total emerged seedlings, respectively
[32]. These species depend on high solar radiation to germinate and establish themselves [33]. On the other
hand, samples from the area without bamboo showed a greater abundance of seedlings of pioneer,
heliophilous and fast-growing tree species such as Casearia sylvestris, Croton floribundus and Trema
micranthum [32]. It is important to note that this study was carried out in a very small forest fragment (3
hectares, of which 2 were dominated by bamboo). This condition may have influenced the results since
anthropogenic disturbances resulting from the agricultural matrix surrounding the fragment (fire, pesticides
and the entry of cattle into the forest) may have contributed to the dispersal of seeds of ruderal herbaceous
species from adjacent pastures [34]. Another factor to consider is the edge effect [35], since some of the
bamboo patches studied coincided with the edge of the forest fragment.

The lower number of seedlings observed in samples from the bamboo-dominated area in the present
study may be related to the changes that bamboo causes within the forest. Disturbances caused by bamboo
within the forest result in a high and constant level of mortality of other species, comparable to that observed
when creating edges in recently isolated forest fragments in Central Amazonia [36]. The total tree mortality
rate within bamboo-dominated forests in southwestern Amazonia (3.65% + 2.60) [14] is more than three
times higher than those observed in non-bamboo forests in Central Amazonia (1.03% [37], 0.86% [38] and
1.13% [39]).

The increase in tree mortality rates in forests dominated by bamboos of the genus Guadua in forests of
the Amazon and the Brazilian Atlantic Forest is associated with the imposition of physical disturbances
caused by bamboo culms and the high abundance of fast-growing, short-lived pioneer tree species [14, 15,
40]. As a result, forests with bamboo in the western Amazon region are characterized by having a much lower
number of trees than forests without bamboo [41]. A study of bamboo forests around the Manu Park in the
Peruvian Amazon found 343 ind.ha and a basal area of 31.6 m2 in these forests [42], in contrast to the 603
ind.ha and basal area of 31.6 m2 recorded in a forest without bamboo in the lower region of the Madre de
Dios River in the same country [43].

The low tree density in the bamboo forests of southwestern Amazonia may have influenced the
emergence of fewer seedlings from the seed bank samples from this type of forest during this study. Similarly,
the greater number of seedlings that emerged from seed bank samples from forests without bamboo may be
directly related to the fact that these forests in the southwest of the Amazon have a much higher tree density.

A study conducted in the same area as this study evaluated the small-scale effects of the dominance of
native bamboo Guadua weberbaueri Pilg. on seed rain and found that of the total number of seeds found in
forest areas with and without bamboo (4,635), 53.4% came from the area without bamboo and 46.6% from
the environment with bamboo, suggesting a greater number of seedlings in the forest without bamboo as the
seed bank germinated [17]. In a monsoon forest located in Thailand, an analysis of the abundance of
emerged seedlings in environments with and without bamboo dominance revealed a greater abundance of
emerging individuals (7 plants/m2) in environments not dominated by bamboo [44].

Analysis of the diversity of soil seed bank samples from areas dominated and not dominated by the
bamboo Merostachys sp. revealed higher diversity values in the samples from the area not dominated by the
grass [32]. A comparison of the transient seed bank of areas with and without bamboo dominance in a forest
located in the state of S&o Paulo, Brazil, showed that there is no difference in seed count between the areas,
but in the seed bank of the grass-dominated area there is a drastic reduction in species diversity [45].

The low similarity between the areas may be due to the changes that the high density of bamboo culms
promotes in the forest environment. Environments dominated by species of Guadua show greater tree
mortality and a higher incidence of light. Consequently, the forest understory becomes drier and warmer as
a result of the opening of gaps caused by bamboo [8, 12, 14, 15, 17], promoting the germination of seedlings
of pioneer and early secondary species that require a higher incidence of light to begin their development. It
is important to emphasize, however, that pioneer species can also occur in forests at an advanced stage of
development, such as in natural clearings in bamboo-dominated forests [11], or in areas close to the edges
of fragments, where there is a high incidence of sunlight and high temperatures [46].

The lower number of species recorded in the samples from the Guadua spp. area in this study
corroborates the data reported by a study carried out in the Atlantic Forest, which shows that the dominance
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of the bamboo Aulonemia aristulata does not alter the number of seeds in the soil, but drastically reduces the
diversity of species present in the seed bank [40].

Forests with and without bamboo dominance have similar seed biomass, however, in sites dominated
by the grass there is a reduction in species diversity [17], which corroborates what was observed in the
present study. In addition, the authors point out that the dominance of Guadua spp. promotes changes in the
seed dispersal cycle, limits the perpetuation of species dispersed through seed rain due to the mortality of
tree species, and favors the arrival of wind-dispersed species, since such typologies tend to have canopies
more spaced out.

CONCLUSION

A greater number of seedlings, density of emerged seedlings and species diversity index were observed
in samples from the seed bank of the forest area without bamboo dominance.

The floristic similarity between seed banks originating from the soil of forest areas with and without
bamboo dominance was low. In the area dominated by bamboo, the species Trema micranthum, Cecropia
sciadophylla and Alchorneopsis floribunda predominated, while in the typology where bamboo was not
dominant, the most abundant species were Saccoloma sp., Cecropia sciadophylla and Metaxya sp.
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