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ABSTRACT

There is a knowledge gap regarding the influence of bamboos on natural regeneration. This study evaluated how
abundance, richness, dominance, evenness, diversity of the seed bank and biotic and abiotic factors (e.g., canopy
opening, herbaceous cover, and litter thickness), differ between bamboo dominated (B) and non-dominated (NB) areas.
The study was conducted in a fragment of Semideciduous Seasonal Forest surrounded by an agricultural landscape.
Soil samples were taken at 20 points in each area at two time periods, to evaluate the seed bank. The results show
that diversity and structural parameters of the seed bank differ between areas and time periods. There was higher
abundance and richness of seedlings of herbaceous ruderal species in area B and a greater abundance of seedlings
of arboreal species in area NB. Sampling points in the bamboo dominated area had greater canopy openings and
greater cover by herbaceous species, facilitating the establishment of individuals belonging to the families Poaceae
and Cyperaceae, which could have competitive advantages over other species of the regenerating community.
Considering that bamboo can affect the seed bank, long-term studies are needed to understand successional dynamics
and evaluate suitable management actions to conserve the diversity in remaining forests.
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Introduction

Disturbance-adapted species can affect forest dynamics
and structure by facilitating or limiting the establishment
of native individuals in the community (Simberloff & Holle
1999; Mack et al. 2000; Michalet et al. 2006). A common
competition issue is the relation between the natural
regeneration process and the rapid growth of plants adapted
to disturbance, such as bamboos (Campanello et al. 2007).
With fast growth rates and clonal reproduction, bamboos

rapidly spread through the forest competing for space and
forming dense stands (Silveira 2005).

Bamboos present a life cycle that responds positively
to natural (e.g., gaps, landslide, windy) or human-induced
changes in the original community caused by logging and
fire (Gadgil & Prasad 1984; Balee 1989; Burman & Filgueiras
1993; Nelson 1994), becoming dominant (Garrot et al. 1993).
Bamboo-dominance in disturbed areas decreases light
availability and negatively affects the germination, growth,
and survival of native tree species (Tabarelli & Mantovani
1999; Rother et al. 2013; Rother et al. 2016). Once established,
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bamboo dominance limits the natural regeneration process
(Oliveira-Filho et al. 1994; Carvalho 1997; Muler et al. 2014;
Rother et al. 2013), reducing its plant richness (Tabarelli &
Mantovani 1999) or even arresting ecological succession, due
to the high mortality of seedlings and saplings (Griscom &
Ashton 2003; Lima et al. 2012; Rother et al. 2013).

Over the past 20 years, the dynamics and structure of
bamboo-dominated forests have been widely studied in
some aspects. In general, studies have shown that gaps
formed by bamboo death contribute to forest successional
processes, creating suitable conditions for tree and shrub
colonization of different successional groups that result in
a heterogeneous plant composition (Martins et al. 2004;
Santos et al. 2012; Santos et al. 2015; Capellesso et al.
2016). Other studies have focused on the effects of bamboo
dominance over the composition and abundance of species
by seed rain observation (Rother et al. 2009; Grombone-
Guaratini et al. 2014). Beyond the natural regeneration
process, Lima et al. (2012) also analysed soil differences
between bamboo-dominated and non-dominated areas in
the Atlantic forest. Medeiros et al. (2013) pointed out the
effect of bamboos on mortality, recruitment, and tree growth
in the Amazon region. Several studies have aided knowledge
about the structure and dynamics of forests dominated
by bamboo. We, however, have a limited understanding
of how bamboos influence the initial stages of the natural
regeneration process (e.g., seed bank composition).

In certain remnant forests located in protected areas,
bamboo dominance is considered one of the major factors
reducing species richness (Lima et al. 2012). For that reason,
understanding ecological processes involving the dynamics
of the Atlantic forest, especially in bamboo-dominated areas,
isnecessary to adapt management and conservation actions
in its remnants. Therefore, the present study aimed to: i)
evaluate how abundance, richness, dominance, evenness,
and diversity of seed bank species vary between periods and
bamboo dominated and non-dominated areas, and ii) describe
biotic and abiotic factors (canopy opening, herbaceous cover
and litter thickness) in bamboo and non-bamboo dominated
areas. Taking the pre-existing literature into consideration,
we hypothesized that bamboo dominated areas would show
marked differences in the diversity and structural parameters
of the seed bank, when compared to non-bamboo dominated
areas. We expect an abundant and less rich community,
dominated by fewer species groups in bamboo dominated
areas. Finally, we discussed the differences in biotic and
abiotic factors between the two areas.

Material and methods

Study area

The study was conducted at Estagdo Experimental de Tupi,
a protected area located in the rural region of Piracicaba
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municipality, Sdo Paulo State, southeastern Brazil (Fig. 1).
The area has 198 ha and is situated in the Semideciduous
Seasonal Forest domain. The climate is classified as Cfa
(Koppen), with mean annual precipitation of 1,280 mm
and mean annual temperatures varying between 16.7 and
23.3 °C (Alvares et al. 2013).

Past land use of the area includes the cultivation of
annual crops until 1949, followed by monoculture tree
species plantation, as Pinus and Eucalyptus (Bovi 2013).
Additionally, some areas were abandoned to induce the
natural regeneration process; bamboos have occupied the
gap areas while the regeneration was taking place. Now,
the area is inserted in an agricultural landscape with the
predominance of sugar cane. The forest fragment studied has
approximately 3 ha, in which 2 ha are dominated by bamboo
of the Merostachys genus. Non-bamboo area occupied
approximately 1 ha and most of the sampling points were
in the initial secondary stage of regeneration. The vegetation
canopy corresponded to an average of 11.15 m height, while
bamboo-dominated areas had about 9.25 m height during
the data collection (authors pers. information).

Data collection

We conducted this study in one area of each situation
(bamboo and non-bamboo) as the Estagido Experimental de
Tupi has no replicates of those situations (Tabs. S1, S2 in
supplementary material). Twenty sampling points (evaluation
units) of soil were randomly distributed at each area in two
data collections: April 2013 and February 2014. The seed bank
data was collected in two years, due to possible interannual
changes in the seed production and dispersal process (Fig. 1).

Seed bank

Each sample had a soil volume of 3.125 cm® (25 x 25
x 5 cm), which was transferred to aluminum trays and
conditioned in the seedling nursery of Escola Superior de
Agricultura “Luiz de Queiroz”, at the Universidade de Sdo
Paulo, Piracicaba in the State of Sdo Paulo. The trays were
monitored weekly to quantify and identify the plant growth
of emergent seedlings of herbs, shrubs, and woody plants.

Biotic and abiotic factors

The biotic and abiotic factors were canopy opening,
herbaceous cover, and litter thickness. They were obtained
at the same 40 sampling points, 20 being in the bamboo
dominated area and 20 in the non-bamboo dominated area.
The canopy opening was estimated above each sampling
point with a spherical densiometer (Lemmon 1957). Four
densiometer readings were made facing outward at every
side of each sampling point and averaged for analyses.
These measurements were taken in the rainy season to
avoid the plant deciduousness. The herbaceous cover was
obtained by the percentage of soil covered by ground
herbs (i.e., non-woody obligate species) (Lima & Gandolfi
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2009). In the studied plots, herbs were mainly represented
by grasses, no-woody vines, or herbs of the families
Asteraceae, Begoniaceae, Cyperaceae and Commelinaceae.
Measurements were taken in 20 plots of 1 m” divided into
four subplots in each area, and the average data was used
for analyses. Litter thickness was obtained with a millimeter
ruler range in the 1 m” plots (Portela & Santos 2007). Four
measurements were made in each plot and the average was
used for analyses.

Data analysis

For each area (bamboo dominated and non-dominated),
the abundance, richness, dominance, evenness, and diversity
of seedlings that emerged from the seed bank samples were
quantified. Rarefied species richness was compared between
bamboo and non-bamboo dominated areas by creating
species accumulation curves with 95 % confidence intervals
derived from 1,000 permutations. Rarefaction curves were
computed using the PAST program (Hammer et al. 2001).
This comparison was made using counts of individuals per
species, considering areas and data collections (Magurran
2004). The abundance and richness of seedlings obtained
in each environmental sample were compared by using the
non-parametric Kruskal-Wallis test. We also evaluated the
diversity in seed banks per area by using the Shannon index.
Shannon index was calculated using the natural logarithm.
Diversity permutation test was used to evaluate differences
in species diversity between bamboo and non-bamboo areas
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for both data collections (2013 and 2014). This analysis
computes the Shannon index for two samples and then
compares the diversities using random permutations. In
the analysis, 9999 random matrices with two columns
(data from bamboo and non-bamboo areas) were generated,
each with the same row and column totals as in the original
data matrix (Harper 1999). Evenness and dominance
were calculated by the Pielou index (Magurran 2004) and
compared between areas for both data collections by the
Permutation test. The analysis was performed using the
PAST program (Hammer et al. 2001).

To describe the biotic and abiotic factors (factors
are used here to refer to the independent variables) of
the bamboo and non-bamboo dominated areas, we first
performed a Principal Component Analysis (PCA) to prevent
collinearity between canopy opening, herbaceous cover, and
litter thickness. This analysis computes the correlation for
variables that are measured in different units. This implies
normalizing the three variable values using division by their
standard deviations. The eigenvalues give a measure of the
variance accounted for by the corresponding eigenvectors
(components). The percentages of variance accounted for
these components are also given. According to the analysis,
if most of the variance is accounted for in the first one or
two components, the analysis scored successfully (Harper
1999; Hammer et al. 2001). To evaluate how much each
variable varies between areas, we used a Mann-Whitney
test. All analyses were performed using the PAST program
(Hammer et al. 2001).
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Figure 1. Sampling points in the forest fragment of Estagdo Experimental de Tupi, Piracicaba, So Paulo State, Brazil.
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Results

A total of 79 and 38 morphospecies were found in
the first and second seed bank monitoring, respectively.
Asteraceae was the richest family in both data collections.
Species with the highest abundance of seedlings were
Urochloa plantaginea and Cyperus esculentus, belonging to
the families Poaceae and Cyperaceae, respectively, which
also presented the greatest abundance, when compared to
the other families. Among the species that emerged, only
three presented arboreal growth form: Trema micrantha
e (Cannabaceae), Croton floribundus (Euphorbiaceae) and
Casearia sylvestris (Salicaceae). Seedlings of these species
occurred in higher abundance in the non-bamboo sampling
points.

The rarefaction curves for count data of individuals
did not reach an asymptote for either bamboo or non-
bamboo areas in both data collections (Fig. 2). Standardizing
for the number of individuals, both areas showed higher
species richness in the seed bank on the first data collection,
showing marked interannual differences in seed production
and dispersal process. A similar pattern was observed for
abundance and richness. Values obtained for abundance and
richness in the first data collection were significantly higher
than those obtained in the second data collection (Tab. 1).

Comparing bamboo and non-bamboo dominated areas,
no differences were found in species diversity (p = 0.08)
for the first data collection (Tab. 2). The species diversity,

55+
50

Species (95% confidence)

however, varied significantly between areas in the second
data collection, showing a higher diversity of seedlings in
the sampling points without bamboos (p = 0.0001) (Tab. 2).
Dominance was higher for bamboo sampling points in
both collections while evenness varied between areas in
the second data collection. Evenness did not vary between
areas in the first data collection, but sampling points in
the non-bamboo dominated area revealed a more equal
distribution of individuals among the species than sampling
points located in the bamboo dominated area.

In the Principal Component Analysis (PCA), the first
two axes represented 89.37 % of the data variance. The
eigenvalue obtained for axis 1 (1.74) can be considered
high, while the low value for axis 2 indicates a short gradient
and the influence of other biotic and abiotic factors in the
ordination of the sampling points on this axis (Tab. 3). The
canopy opening and herbaceous plant cover percentage
correlated with the first ordination axis (57.98 %) and litter
thickness with the second axis (31.40 %) (Fig. 3, Tab. 3). A
restricted group of representative sampling points of the
two areas is positively associated with canopy openness and
soil cover by herbaceous plants. Another group of the non-
bamboo area was positively associated with litter thickness,
suggesting that these points show similar values for that
variable (Fig. 3). Non-bamboo sampling points formed
a small cohesive group in the PCA analysis, indicating a
strong microhabitat similarity between them. For bamboo-
dominated areas, however, we observed a group of dispersed
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Figure 2. Rarefaction curves of the number of seedling species recorded in the seed bank of bamboo and non-bamboo dominated
areas over the count of individuals of the study for both data collections. The envelopes represent the 95 % confidence interval for

1,000 permutations.
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Table 1. Richness and abundance of the seed bank, seedlings in non-bamboo and bamboo-dominated areas for both data collections.
Estagdo Experimental de Tupi, Piracicaba, Sio Paulo State, Brazil.

Parameters

Richness

Abundance (number of individuals)

493 183

* indicates differences between areas in the same data collection.

1100 *

Data Collection 1 Data Collection 2 Data Collection 1 Data Collection 2
53 26 49

28*
411*

Table 2. Diversity index (Shannon), dominance, and the Pielou evenness of the seed bank seedlings in non-bamboo and bamboo-
dominated areas for the two data collections. Esta¢do Experimental de Tupi, Piracicaba, Sdo Paulo State, Brazil.

Parameters

Dominance
Shannon (H’)

Pielou Evenness (J)

0.13 0.12
2.72 2.63
0.69 0.81

* indicates differences between areas in the same data collection.

0.18*
2.54
0.65

Data Collection 1 Data Collection 2 Data Collection 1 Data Collection 2

0.16*
2.33*
0.70*

Table 3. Eigenvalues and percent variance for the first three ordination axes of Principal Component Analysis (PCA).
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Figure 3. Diagram of the first two axes (axis 1-horizontal and axis-2-axis) of the Principal Component Analysis (PCA), according to
the canopy opening, herbaceous cover, and litter thickness in non-bamboo and bamboo-dominated areas. The vectors of the variables
represent the magnitude and the direction of the variations.
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points resulting in a greater variation of the three biotic
and abiotic factors studied (Fig. 4A-B).

The canopy was more open (U = 105.5, p = 0.0107, n
= 20) and the herbaceous cover was higher in bamboo-
dominated areas (U=111.5; p=0.0161; n = 20) (Fig. 5A-B,
respectively). Litter thickness did not vary between areas
(U =165; p =0.3493; n = 20) (Tab. 4).

Discussion

Bamboo dominated areas showed marked shifts in
the early regeneration of the forest fragment studied, as

A 0.96 0.877 0.907
0.80 -
c 0.64 -
O 0.8
-
S 0.32
(]
& 0.6
[}
(&]
-0.16 -
-0.32 -
-0.48 - m -0.382
»
25 3 £E
8 o 88 =0
© o0 - =
Q -
<=

shown by the changes in seed bank composition, richness,
dominance, and the evenness, especially for the second
period. As expected, sampling points in the bamboo-
dominated areas showed higher seedling abundance for both
periods and, interestingly, higher evenness resulted from the
dominance of herbaceous ruderal species, predominantly
from Poaceae (41 % of the total seedlings) and Cyperaceae
(23 % of the total seedlings). Cyperus esculentus (first
collection) and Urochloa plantaginea (second collection)
dominated the community in the bamboo dominated area.
These species are dependent on high solar radiation to
germinate and establish in the area (Lorenzi 2006; Moreira
& Braganca 2010). The lower canopy cover in most sampling
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Figure 4. Eigenvectors of the first two ordination axes resulting from the Principal Component Analysis (PCA) for the canopy opening,
herbaceous cover, and litter thickness. We observed the correlation of biotic and abiotic factors with axis 1 in A and axis 2 in B.

A
90-

80+
70+
60+

50+

Canopy opening (%)

30+

20+

104

NB B

B
90+

80+
70+

60+

30+

Herbaceous cover (%)

20+

10+

NB B

Figure 5. Biotic and abiotic factors (canopy opening and herbaceous cover) (A) in non-bamboo (NB) and bamboo dominated (B)
areas in the forest fragment of Estagdo Experimental de Tupi, Piracicaba, Sao Paulo State, Brazil. The upper and lower border of the box
are the 75th and 25th percentiles, respectively; the black horizontal line within the box is the median and the error bars are the 10th
and 90th percentiles. (*) Significant differences between bamboo and non-bamboo dominated areas (p < 0.05).
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Table 4. Biotic and abiotic factors (canopy opening, herbaceous coverage and litter thickness) in non-bamboo and bamboo-dominated
areas. Estacdo Experimental de Tupi, Piracicaba, Sdo Paulo State, Brazil.

“ Canopy opening (%) + SE Herbaceous cover (%) + SE Litter thickness (cm) + SE

Non-bamboo 11.82 +1.94
Bamboo-dominated 18.70 + 3.34
p-value <0.05*

SE = standard error
*Significant values

points of the bamboo- dominated areas may have stimulated
the arrival by dispersal of such pioneer species in the seed
bank. In contrast, sampling points in the non-bamboo area
showed a greater abundance of seedlings of tree species such
as C. floribundus, T. micrantha, and C. sylvestris. These species
are pioneers in the succession process, heliophilous, fast-
growing, and responsible for the rapid canopy closure after
clearing openings in the forest (Nascimento et al. 1999; Paula
etal. 2004). In degraded areas, edges or gaps, the dominance
of one or a few tree species with similar ecological behaviour
in the seed bank is common, corroborating the dominance
of early colonizing tree species in disturbed forests similar
to the non-bamboo dominated area (Tabarelli et al. 2008;
Melo et al. 2013).

The absence of similar situations to replicate the data
collection-imposed limitations for extrapolating our results
to a wider population. However, some discussions of general
patterns regarding the biotic and abiotic characteristics in
the sampling points can be mentioned. The difference found
in seed bank species composition and richness between both
areas may be explained by the within-site heterogeneity of
the studied areas. Biotic and abiotic factors can influence seed
germination and generate differential species establishment
rate (Vazquez-Yanes & Orozco-Segovia 1993; Rother et al.
2016). The understanding of which factors influence seedling
establishment in bamboo and non-bamboo dominated areas
still needs to be deeply investigated (Rother et al. 2016). It
is possible, that some variables such as light and soil cover
by herbaceous plants can affect the recruitment pattern
of species in the forest, structuring the plant community
(Vazquez-Yanes & Orozco-Segovia 1993; Lima & Gandolfi
2009; Rother et al. 2016). Light availability is known to be an
important factor for breaking seed dormancy and for growth
in tropical plants (Howe et al. 1985), while soil cover by
herbaceous plants can influence patterns of seed predation
or germination of woody seedlings (Schupp 1988; Lima &
Gandolfi 2009). Sampling points in the bamboo-dominated
area are characterized by a lower and discontinuous canopy,
enhancing the light entrance to the forest ground. Great
herbaceous cover and low litter thickness, in comparison
with sampling points in the non-bamboo dominated area,
were also found by Rother et al. (2016) in a tropical forest.
The more closed canopy observed in the non-bamboo area
may have functioned as a barrier preventing light from
reaching the forest ground, directly affecting the ruderal
herbaceous germination and its establishment (Yates et al.
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9.13+1.96 4.04 +0.31
32.25+7.10 3.54 £0.25
<0.05* >0.05

2004). Nevertheless, forest conditions in the non-bamboo
area have favoured the establishment of native tree species,
as found in previous studies (Griscom & Ashton 2003;
Griscom et al. 2007; Rother et al. 2016).

Although not evaluated, the land surrounding the Estacdo
Experimental de Tupi can exert some influence on the bamboo
and non-bamboo dominated areas. The matrix around the
studied area can be a source of intense disturbances, such
as fire, pesticide drift, and cattle entrance. The matrix can
also contribute to the seed dispersal of ruderal herbaceous
species from the adjacent pasturelands (Bierregaard 1992;
Laurence 1997), which showed a great abundance of
seedlings emerged from the seed bank. The edge effect
causes drastic changes in the abiotic characteristics of the
microhabitat, such as increased soil and air temperature,
reduction in relative air and soil humidity, and increased
light intensity and wind speed influencing the recruitment
of several forest species (Tomimatsu & Ohara 2004; Yates et
al. 2004). The distribution of some bamboo spots coincides
with the edge of the forest fragment favouring the high
occurrence and abundance of ruderal herbaceous species in
such areas. This pattern was not observed in the sampling
points located in the non-bamboo area which may be due
to the larger shaded areas found in such points and the
dispersal of native species propagules within the forest
fragment. It is evident that more studies focusing on the
effects of the local and landscape factors are needed to fill
this knowledge gap.

Vinha et al. (2011), analysing the seed bank of Parque
Estadual das Fontes do Ipiranga in Sio Paulo State, found
that even in areas dominated by bamboo Aulonemia
aristulata, the seed bank is still viable and composed mostly
by native species. Rother et al. (2009), however, studying
in the Parque Estadual Carlos Botelho in S4o Paulo State,
found a composition of the seed rain quantitatively different
between the sites with and without bamboo Guadua tagoara,
suggesting that the presence of bamboo influences the
composition of the future plant community. Those bamboos
are working as a demographic bottleneck that acts selectively
in the plant regeneration cycle (Rother et al. 2016). A similar
pattern can be seen in our studied area when the differences
in the composition, diversity, and structural parameters
of the seed bank are considered. The bamboo dominated
area of Estagio Experimental de Tupi may have its natural
regeneration processes compromised by the competition
between bamboo and non-bamboo species; moreover, the
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anthropogenic disturbances coming from the agricultural
surrounding matrix and the invasion of ruderal herbaceous
species can also alter the natural regeneration dynamics
(Matos & Pivello 2009). These factors may result in the
limitation of the tree species recruitment and the future
canopy closure (Laurence 1997; Tomimatsu & Ohara 2004).

The studied forest fragment is small and isolated in the
landscape, common characteristics of most Atlantic Forest
remnants (Ribeiro et al. 2009). These conditions require
management actions aiming for biodiversity conservation
(Gunderson 2000; Vidal et al. 2016). Management actions
include the elimination of degradation factors, in this case,
the removal of the anthropogenic disturbances of the
surrounding matrix and the experimental Merostachys sp.
control. Actions such as enrichment with native species or
functional groups that have become locally rare, absent, or
in low abundance may be implemented to avoid losses of
biodiversity (Ledo et al. 2014; Rodrigues et al. 2011). Other
elements such as soil integrity, the presence of seed bank
and the structural and functional connection via restoration
with areas that would be sources of propagules, can also
define the success of management actions and should be
addressed during the planning (Norden et al. 2009; Rother
etal. 2013; Rother et al. 2019).

Our results emphasize that the presence of bamboos
selectively influences the seed bank, consequently changing
the regeneration dynamic of the fragment, due to potential
shifts in forest structure. In the bamboo dominated
area, there is a more open canopy and a greater cover by
herbaceous species, which facilitates the establishment of
species with competitive advantages over other species of the
regenerating community. Long-term studies are necessary
to evaluate the successional dynamics as well as studies that
evaluate management actions (e.g., removal of bamboos in
experimental plots to evaluate seedling establishment) to
conserve the plant diversity in the threatened Atlantic forest.
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