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Abstract
Seed rain and seed banks are mechanisms for the entry of propagules that assist in the regeneration 
of agricultural areas. We hypothesized that the seed rain and seed banks of managed areas (10 
and 25 years old) - when compared to non-managed areas - have lower species richness and 
greater numbers of seeds/seedling emergences, in addition to greater richness and number of 
seeds/seedling emergences for autochoric dispersal syndrome, herbaceous growth patterns and 
differing species compositions. We collected in three plots of 50 m × 50 m. For each plot, 20 
collectors were installed for seed rain sampling. For the seed bank, 15 soil samples were collected 
and cultivated for the germination of seeds. Seed rain from managed areas showed higher values 
for species richness, herbaceous and tree autochory, as well as differing species compositions 
between areas. The seed bank showed lower values for species richness and higher values for 
herbaceous autochory, with differing compositions between areas. The abundance of seed rain 
and seed banks did not differ between areas, whereas the composition of dispersal mechanisms 
did. In creating areas dependent on autochthonous species (anemochorous and autochorous), 
agricultural management compromises the regeneration of dry forests.
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Resumo
Chuva e banco de sementes são mecanismos de entrada de propágulos que auxiliam na regeneração 
de áreas agrícolas. Pressupomos que a chuva e o banco de sementes de áreas manejadas (10 anos 
e 25 anos) possuem menor riqueza de espécies e maior número de sementes/emergência, além 
de maior riqueza e número de sementes/emergências para síndrome de dispersão autocórica, 
formas de vida herbáceas e composição de espécies diferentes, quando comparado com áreas não 
manejadas. Coletamos em três parcelas de 50 m × 50 m. Para cada área, instalamos 20 coletores 
para amostragem da chuva de sementes, assim como coletamos e cultivamos 15 amostras para 
a contagem de plântulas. A chuva de sementes das áreas manejadas possuiu maior riqueza de 
espécies, autocoria, herbácea e arbóreo, além de composição diferentes entre as áreas. O banco 
de sementes, por outro lado, possuiu menores valores em riqueza de espécies, e maiores valores 
de autocoria, herbácea, e composição diferentes entre áreas. A abundância da chuva e banco de 
sementes não diferiu entre as áreas, já a composição entre os mecanismos de dispersão diferiu. O 
manejo agrícola compromete a regeneração de florestas secas tornando essas áreas dependentes 
de espécies autóctones (anemocórico e autocórico).
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Introduction
Changes in land use, such as the conversion 

of native vegetation into agricultural plantations, 
result in alterations in species composition, 
community dynamics, and ecosystem processes 
in response to environmental filters imposed by 
deforestation and the use of fire, on a small scale 
or across landscapes (Garnier et al. 2007; Laliberté 
et al. 2009). It is worth noting that deforestation 
and changes in land use for agriculture intensify 
the effects of forest fragmentation, directly 
compromising the dispersal process of diaspores 
(Lindenmayer & Nix 1993).

Such changes cause a decline in the 
availability of pollinators and seed dispersers. 
These modifications affect seedling mortality 
and recruitment rates, directly interfering with 
population and community dynamics (Laurance 
& Bierregaard 1997). An example of this is 
dispersal limitation. This occurs in anthropized 
environments due to distances between forest 
fragments and adjacent matrices (Taylor et al. 
1993). The absence of food attractants from local 
vegetation reduces the frequent arrival of dispersal 
agents (Ingle 2003; Montesinos 2015). 

To assess the potential for recovery of 
areas degraded by agriculture, it is necessary 
to investigate characteristics related to species 
colonization and dispersal (Cramer et al. 2008). 
Studies involving seed banks and seed rain have 
been used frequently in recent years, mainly to 
investigate differences in species composition in 
the regeneration process of abandoned agricultural 
lands (Pakeman & Small 2005; Vieira & Scariot 2006; 
Douh et al. 2018; Bezerra et al. 2022, 2023; Paula 
et al. 2023). However, there are still few studies 
analyzing the effects of agricultural management 
on seed banks and seed rain, on the richness and 
abundance of dispersal syndromes and on habits 
for growth.

Seed rain is characterized by the deposition of 
propagules into the soil through dispersal (Campos 
et al. 2009). Thus, seed dispersal is an efficient 
mechanism that allows species to colonize new 
areas (Janzen 1970; Hyatt et al. 2003; Traveset et al. 
2014). The spreading of seeds enhances germination 
potential, survival, and species recruitment, 
whether from local areas (autochthonous dispersal 
to preserve local diversity) or from distant areas 
via animal dispersal (allochthonous dispersal), 
ultimately increasing species richness (Connell 
1978; Sheldon & Nadkarni 2013; Sccoti et al. 
2016). Thus, seed rain plays an essential role in 
connectivity between disturbed and adjacent 
preserved areas (Souza et al. 2014), as habitat 
connectivity facilitates the entry of new species 
and the formation of a seed bank (Silva et al. 2016). 

The seed bank comprises the set of seeds 
stored in the soil, representing both local and 
surrounding vegetation (Overdyck & Clarkson 
2012; Capellesso et al. 2015; Oliveira et al. 2018). 
The formation of the seed bank is a key mechanism 
in natural regeneration and a primary source of 
recruitment of new individuals after disturbances 
(Oliveira et al. 2018; Török et al. 2018), enabling 
rapid colonization (Kebrom & Bekele 2000). 
Factors such as the absence of attractants for seed 
dispersing fauna, landscape barriers, and seed 
size can affect propagule entry into environments 
and the formation of transient or persistent seed 
banks (Daniel & Jankauskis 1989; Ottaviani et al. 
2020). Recognition of changes in growth behavior 
during succession can facilitate the comparison of 
areas in ecological studies (Poorter et al. 2023), as 
the seed bank and seed rain provide a snapshot 
of the vertical vegetation structure during 
regeneration (Hopfensperger 2007; O’Donnell et al. 
2016). Consequently, transitions from herbaceous 
growth habits to larger vegetation, like trees, may 
indicate an advancement in succession in areas 
undergoing regeneration following the cessation 
of agricultural practices or other anthropogenic 
activities (Egler 1954; Finegan 1996).

Understanding dispersal strategies and their 
role in recolonization dynamics in anthropized 
environments (Zimmerman et al. 2000) can 
facilitate the identification of successional 
trajectories over time (Dent & Estrada-Villegas 
2021). For example, in management areas, 
autochthonous dispersal strategies (autochory 
and anemochory) are common. As succession 
progresses, the availability of resources attractive 
for animal dispersers increases, leading to more 
interactions between plant species and their 
dispersers, thereby favoring allochthonous 
propagule inputs through zoochory (Martins 
2016). Studies on changes in dispersal strategies 
throughout succession can help clarify the 
community assembly process during regeneration 
in disturbed environments (Huanca-Nuñez et al. 
2019; Wendt et al. 2022).

Understanding the diversity of seed rain 
and seed banks is crucial for comprehending 
the successional dynamics of colonization and 
species replacement in abandoned areas after 
disturbances (Lopes et al. 2012; Souza et al. 2014; 
Ferreira et al. 2016; Bezerra et al. 2023; Paula et al. 
2023). Applied research on the taxonomic diversity 
of seed rain and seed banks in anthropized areas 
can reveal the mechanisms driving spatiotemporal 
changes in community composition and the effects 
of natural and anthropogenic disturbances on 
species diversity (Magurran 2004; Baselga 2010). 
Knowledge of taxonomic diversity can also be 
applied to select appropriate restoration strategies 
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for degraded areas. These recovery practices can 
manage changes in species composition over time 
and space (Budka et al. 2019; Li et al. 2019).

Ecotonal areas, such as those in the 
southeast region of the state of Piauí are strongly 
influenced by plant species from the Cerrado and 
Caatinga domains.  Indeed, locations further from 
the center of the Cerrado biome show greater 
differences in floristic composition, often reflecting 
characteristics from adjacent domains, such as 
Caatinga, in the northeastern region (Vieira et al. 
2019). 

The objective of this study was to create a 
survey of species in the seed bank and seed rain 
in  non-managed and managed areas at different 
stages of regeneration (managed after 10 and 25 
years) and, thus, to test the following suppositions: 
(i) Species richness inside the soil’s seed bank 
and seed rain is expected to be higher in non-
managed areas due to reduced anthropogenic 
disturbance, facilitating the maintenance of a 
more diverse propagule pool, preserving the 
integrity of native plant communities; (ii) Seed 
density and seedling species diversity will be 
greater in managed areas as a result of silvicultural 
interventions and ecological restoration practices 
that enhance natural regeneration and floristic 
heterogeneity. Conversely, non-managed areas 
may exhibit lower diversity due to the absence of 
disturbance-driven recruitment dynamics; (iii) The 
non-managed area is expected to exhibit a higher 
seed abundance and greater zoochoric species 
richness, attributed to increased animal activity 
and natural dispersal processes. In contrast, 
managed areas are anticipated to display a higher 
seed count and a predominance of autochoric 
species, because of management practices that 
promote self-dispersing plant species; (iv) The 
non-managed area is expected to exhibit a higher 
abundance of seeds and greater diversity of tree 
and shrub species, driven by natural succession 
processes. Conversely, managed areas are 
anticipated to present a higher seed density and 
species richness of herbaceous plants, resulting 
from management practices that promote early-
successional or ground-cover species; (v) Species 
composition in the seed bank and seed rain is 
expected to be similar among management areas 
due to standardized practices, with turnover 
rate being the main component to explain beta 
diversity through species replacement; (vi) 
Species composition between the seed bank 
and seed rain will be more similar in the non-
managed area due to natural ecological processes 
promoting continuity, whereas in the managed 
area, differences will be more pronounced due 
to human interventions altering dispersal and 
recruitment patterns.

Material and Methods
Study area
The study was conducted in a transitional 

area between the Cerrado and Caatinga biomes 
in the municipality of Corrente, state of Piauí, 
located in the micro-region of the Chapadas of the 
extreme south of Piauí, with altitudes reaching up 
to 438 m (Cepro 1992). The sampling units were 
installed on a private property known as Fazenda 
Pedras, located at coordinates 10°31’16.5”S and 
45°11’24.51”W (Fig. 1). In the region two types 
of vegetation predominate: campo cerrado and 
arboreal and shrubby caatinga (IBGE 2019). The 
soil is characterized by the presence of dystrophic 
red-yellow latosols, which are associated with 
dystrophic sandy quartz, indiscriminate tropical 
soils, and lithic soils (Cepro 1992). The rainy season 
typically lasts from December to May. The wettest 
months are January and February, with annual 
rainfall totaling 1,035 mm. Temperatures range from 
a minimum of 23 °C to a maximum of 39 °C, with 
an average annual temperature of 25 °C. (Aguiar 
& Gomes 2004).

Fazenda Pedras covers an area of 90 hectares. 
Inside the boundaries of this property, three 
areas with differing management histories were 
selected. According to the owner, who has lived 
on the property for over 60 years, the first area is a 
non-managed area (NMA), and has no history of 
deforestation and agricultural planting. The other 
two areas have undergone vegetation clearing 
and soil mechanization for agricultural planting. 
Of these, one was managed 10 years ago (10y-
MA) and another 25 years ago (25y-MA) (Fig. 
1). The managed areas are undergoing natural 
regeneration, safeguarded by fences, although they 
are occasionally impacted by sporadic fires from 
neighboring areas.

Collecting data
Seed rain sampling
The data used in this research were compiled 

from a database collected by collaborators of 
the Botany Laboratory at the State University of 
Piauí (UESPI) - Campus Dep. Jesualdo Cavalcante, 
Corrente, Piauí.

Seed rain sampling was conducted monthly 
over a period of 12 months, from November 2020 
to October 2021. In each area, a plot of 50 m × 50  
m was established and subdivided into 10 m × 10  
m subplots, totaling 25 subplots. Next, 20 subplots 
were randomly selected to install 20 collectors in 
each one. The collectors each worked an area of 
0.50 m² and a bowl depth of approximately 0.30 m, 
constructed using 1 mm nylon mesh. The collectors 
were installed at the center of each subplot, 
approximately 0.70 m above the ground to prevent 
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them from being toppled by herbaceous growth 
during the rainy season. The total sampling area 
was 30 m², with 10 m² in each management history.

Seeds deposited in the seed rain collectors 
were stored in paper bags labeled with the collector 
number, collection date, and collection area. 
Subsequently, the samples were transported to 
the Botany Laboratory at the university (UESPI). 
Fruits were opened to remove and count the seeds. 
To aid in the diaspores identification we examined 
collected fruits in plants near the collectors when 
they were available. Diaspore identification was 
carried out by comparing plants collected with 
fruits from the study area, consulting specialized 
literature (Barroso et al. 1999; Kuhlmann & Ribeiro 
2016), and, when necessary, by comparing them 
with specimens from the herbarium of the Federal 
University of Piauí - TEPB. Each identified species 
was classified according to their dispersal syndrome 
as zoochorous, anemochorous, or autochorous (Van 
Der Pijl 1982), as well as growth habit: tree, shrub, 
herbaceous, or liana (Fragoso et al. 2018).

Seed bank sampling
For seed bank sampling, the same three plots 

of 50 m × 50 m used for seed rain collection were 
utilized. Fifteen plots were randomly selected 
in each area for seed bank sampling, totaling 45 
sampling units. Within each subplot, three sub-

samples measuring 30 × 30 cm and 5 cm deep 
were collected, spaced three meters apart, and 
combined in a container to obtain a homogeneous 
composite sample, including the litter layer above 
the soil. From each composite sample, 1 kg of 
soil was extracted and placed in properly labeled 
plastic bags, then transported to the nursery at the 
UESPI campus, for the application of the emergency 
method (Santos et al. 2009). Two collections were 
conducted with a 180-day interval (October 2021 
and April 2022) to capture seasonal variations in 
propagule production.

The samples were placed in 30 × 20 × 6 
cm trays perforated at the base and marked for 
identification. A layer of 2 cm of sterilized sand was 
added to the bottom of the trays to facilitate water 
drainage. The seed bank samples were spread over 
the sand to form a three-centimeter layer and placed 
in a nursery covered with a 70% shading net to 
prevent the entry of propagules. For each treatment, 
a tray with sterile sand was added to identify 
contamination by propagules from plants near the 
experiment (Bao et al. 2020). Over six months, daily 
irrigation was applied with the same water content 
for each treatment to maintain suitable conditions 
for germinating as many seeds as possible. 

M o n t h l y,  s e e d l i n g s  w e re  c o u n t e d , 
morphotyped, and removed from the tray, with the 
soil being turned over to promote the germination 

Figure 1 – Location of the selected areas for the study of seed rain and seed bank with diferente management histories and 
sucessional times, in the transition region between Cerrado and Caatinga, Corrente, Piauí.
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of buried seeds. For the botanical identification of 
plants that emerged from the seed bank, at least 
two individuals of each species were transplanted 
into polyethylene bags, and their development was 
monitored until they could be properly identified. 
Collection and herborization of the sampled 
species in the seed bank followed the guidelines 
of Fidalgo & Bononi (1984). The distribution 
of taxonomies arose according to Angiosperm 
Phylogeny Group IV (2016) classification. Brazil’s 
website for Flora and Fungi (Flora e Funga do Brasil 
2023, continuously updated) was used for further 
verification. Similar to the seed rain, the species 
in the seed bank were classified according to their 
dispersal syndrome and growth behavior.

Data analysis
Rarefaction curves were constructed to 

determine whether the non-managed area had 
higher species richness in both seed rain and 
seed banks than the managed areas (Gotelli & 
Colwell 2011). For seed rain, we used a matrix 
of the number of seeds per species, while for 
the seed bank, we used a matrix of the number 
of seedlings per species. The iNEXT function 
in the iNEXT package (Hsieh et al. 2016), which 
uses Hill numbers to construct extrapolation 
and interpolation intervals (Chao et al. 2014), 
was employed. Jackknife I estimator with 999 
permutations assessed closeness between observed 
species richness in the seed rain and seed banks and 
the estimated richness (Magurran 2004; Gotelli & 
Ellison 2010). Species presence-absence matrices 
were employed to analyze this.

In the attempt to confirm that the number of 
seeds and seedling species in the seed bank and 
in the seed rain was higher in managed areas and 
lower in non-managed areas, generalized linear 
models (GLMs) were used. To this end, R packages 
stats, car, and MASS were used. The various models 
related sets of variables, with dependent variables 
(richness and abundance - growth habit and 
dispersal syndrome) and independent variables 
(regeneration time - 10y MA, 25y MA, and NMA) 
to explain the variations occurring in the different 
managed and non-managed areas. The Poisson 
distribution family was used, with a dispersion 
adjustment to Quasipoisson for species richness 
and seedling numbers, after overdispersion of the 
residuals was confirmed.

To test the associations of dispersal syndromes 
and growth habits through successional stages we 
applied G tests (Likelihood Ratio Test) by using 
the Gtest() function from the “DescTools” package 
(Signorell 2024). Besides the general G test, we also 
applied a G test for every dispersal syndrome and 
growth habit between successional stages adjusting 
the p-values with Bonferroni correction method.

To verify the difference in species composition 
regarding seed banks and seed rain in the 
comparison between managed and non-managed 
areas, PERMANOVA with 999 permutations 
(Anderson & Robison 2001) and NMDS (Non-metric 
Multidimensional Scaling) - a non-parametric 
multidimensional scaling technique (Gotelli & 
Ellison 2010) - were utilized. For the PERMANOVA, 
a matrix of seed numbers per species for seed rain 
and a matrix of seedling numbers per species for 
the seed bank were used. These matrices were 
employed to calculate distance matrices using the 
Bray-Curtis index. The pairwise permutation test 
was conducted using the “pairwise.perm.amanova” 
function from the “RVAideMemoire” package 
to compare pairs of the studied areas. NMDS 
was used to reduce the visual representation of 
the sampled units compared to two axes in the 
PERMANOVA (Gotelli & Ellison 2010). The same 
analyses were employed to determine whether the 
species compositions between the seed bank and 
seed rain are more similar in non-managed areas 
and dissimilar in managed areas.

To answer the question regarding differences 
in species composition between seed bank and 
seed rain across areas (beta diversity), the turnover 
component (βsim) was best explained using the 
“beta.multi” and “beta.pair” functions from the 
betapart package (Baselga & Orme 2012). The 
Sørensen dissimilarity index (pairwise comparison 
between areas) was utilized to obtain the total 
beta diversity measure (βsor), which was then 
decomposed into turnover (βsim) and nestedness 
(βsne) components. To calculate the different 
components of beta diversity, the “beta.pair” 
function was employed, while the “beta.multi” 
function was used to assess the contribution of 
these components to the total community variation 
(Baselga et al. 2018). To visually represent species 
sharing between seed banks and seed rain across 
areas, a Venn diagram was generated using the 
Venny 2.1 program (Oliveros 2015).

All analyses were conducted using R 4.0 
software (R Core Team 2020), and a significance 
level of p < 0.05 was applied to all analyses.

Results
A seed rain of 4,610 seeds belonging to 13 

families and 19 species was to be collected from 
the three areas. The Fabaceae family (5 species) 
was the most representative in terms of species 
number (25%). In terms of seed numbers deposited 
in the collectors, one would highlight the species 
Terminalia fagifolia Mart. (41.62%) and Astronium 
urundeuva (M. Allemão) Engl. (29.93%), which 
together represent 72% of the collected seeds 
(Tab. 1).
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The highest number of seeds deposited in 
the collectors was observed in the non-managed 
area, while the lowest was recorded for the 25y 
MA area. The 10y MA area exhibited the highest 
observed species richness. It also had the highest 
estimated species richness (Jack 1). Conversely, 
the lowest values were found for the 25y MA and 
non-managed areas, demonstrating similarity when 
considering the standard deviation (Tab. 2).

In the three areas under study, seedling 
emergence from seed banks revealed 2,468 seeds 
belonging to 21 families and 35 species. The 
Fabaceae (5 species) and Poaceae (4 species) families 
were the most representative in terms of species 
number (25.71%). The Paspalum plicatulum Michx 
species, belonging to the Poaceae family, exhibited 
the highest emergence of seedlings (37.44%), 
followed by the Borreria tenella species (Kunth 
Cham. & Schltdl) (19.36%), from the Rubiaceae 
family. Together, these species accounted for 57% 
of emergence (Tab. 3).

We observed higher seedling emergence in 
the 10y MA area. However, there were fewer species 
and families and a lower estimated richness (Jack 
1; Tab. 4). On the other hand, 25y MA and NMA 
areas showed higher values of species and family 
richness. The observed and estimated richness 
values were similar between 25y MA and NMA 
areas (considering the standard deviation) (Tab. 4).

Regarding seed rain, there is no difference in 
species richness between non-managed and 25y 
MA areas, with overlapping confidence within the 
interpolation interval (Fig. 2a). Conversely, the 10y 
MA area showed higher richness and differed from 
the others, with no overlap of confidence intervals 
within the interpolation interval (Fig. 2a). Thus, the 
rarefaction curves support the result of the Jacknife 
1 richness estimator.

For the seed bank, we observed a similar 
species richness between 25y MA and non-managed 
areas, as evidenced by the overlapping confidence 
intervals in interpolation (Fig. 2b). However, the 

Family Species 10y MA 25y MA NMA

Anacardiaceae Astronium urundeuva (M.Allemão) Engl. 536 715 129

Bignoniaceae Tabebuia aurea (Silva Manso) Benth. & Hook.f. ex S.Moore 1

Combretaceae Combretum leprosum Mart. 51 139 15

Terminalia fagifolia Mart 303 189 1427

Dilleniaceae Curatella americana L. 1 1 3

Erythroxylaceae Erytroxillum sp. 1 4

Euphorbiaceae Croton heliotropiifolius Kunth 157 14 365

Jatropha sp. 3 7 23

Fabaceae Bauhinia acreana Harms 2

Dioclea sp. 2 1

Mimosa pudica L. 100 150

Piptadenia sp. 158

Senna sp. 1

Lamiaceae Mesosphaerum sidifolium (L’Hér.) Harley & J.F.B.Pastore 14 30 17

Malpighiaceae Banisteriopsis campestris (A.Juss.) Little 3

Malvaceae Sida sp. 1

Moraceae Ficus sp. 34

Sapindaceae Magonia pubescens A.St.-Hil. 1

Vochysiaceae Qualea grandiflora Mart. 7 1 4

Total 1.338 1.248 2.024

Table 1 – List of families and species of seed rain, with respective number of seeds, for areas with 10y MA, 25y MA, and 
NMA, in the transition region between Cerrado and Caatinga, Corrente, Piauí.
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area with 10y MA differed from the others in species 
richness, as there was no overlap of interpolation 
interval (Fig. 2b). 

For seed rain, no differences were observed 
in the number of seeds between managed and non-
managed areas (p = 0.347; df = 42; F = 0.695) (Fig. 3a; 
Appendix S1, available on supplementary material 
<https://doi.org/10.6084/m9.figshare.29420837.
v1>). We found no difference in the means of the 
number of seedlings from the seed bank between 
managed (10y and 25y) and non-managed areas (p 
= 0.504; df = 57; F = 1.077) (Fig. 3b; Appendix S2, 
available on supplementary material <https://doi.
org/10.6084/m9.figshare.29420837.v1>). 

Regarding species richness, we detected 
a relationship between dispersal syndrome and 
regeneration stages for the seed rain (G = 10137; p 
= 0.038), with autochorous being higher in 10y PM 
than NM (G = 11661; p = 0.003) (Fig. 4a; Appendix S3, 
available on supplementary material <https://doi.
org/10.6084/m9.figshare.29420837.v1>). There was 
no association between the richness of seed bank 
dispersal syndromes and succession stages (Fig. 4b; 
Appendix S3, available on supplementary material 
<https://doi.org/10.6084/m9.figshare.29420837.
v1>). However, the abundance of seed dispersal 
syndromes in the seed rain was strongly related 
to succession stages, with all syndromes varying 
significantly (G = 699.26; p < 0.001) (Fig. 4c; 
Appendix S3, available on supplementary material 
<https://doi.org/10.6084/m9.figshare.29420837.
v1>). Likewise, the abundance of seed bank 
dispersal syndromes varied between dispersal 
stages, with all syndromes varying significantly 
(G = 557.9; p < 0.001) (Fig. 4d; Appendix S3, 
available on supplementary material <https://doi.
org/10.6084/m9.figshare.29420837.v1>).

For the richness of growth habit in the seed 
rain, there was no association with the succession 
stages (G = 8.8721; p = 0.06) (Fig. 5a; Appendix S4, 
available on supplementary material <https://
doi.org/10.6084/m9.figshare.29420837.v1>). 
Likewise, there was no association between the 
richness of growth habit in the seed bank and the 
stages (G = 10.06, p = 0.12) (Fig. 5b; Appendix S4, 
available on supplementary material <https://doi.
org/10.6084/m9.figshare.29420837.v1>). Regarding 

the abundance of growth habit in the seed rain, 
there was an association with the succession 
stages, with all growth habit varying between 
stages (G = 285.09, p < 0.001) (Fig. 5c; Appendix S4, 
available on supplementary material <https://doi.
org/10.6084/m9.figshare.29420837.v1>). Likewise, 
there was an association between the abundance 
of growth habits in the seed bank and the stages 
(G = 31.273, p < 0.001). However, only trees (G = 
36.063; p < 0.001) and herbs (G = 12.54; p < 0.001) 
varied between stages (Fig. 5d; Appendix S4, 
available on supplementary material <https://doi.
org/10.6084/m9.figshare.29420837.v1>).

For seed rain, differences in species 
composition between areas were also evident (R2 
= 0.210, p < 0.001). The post-hoc test demonstrated 
differences in species composition between non-
managed and managed areas (stress = 0.244) 
(Fig. 6a). We verified differences in the species 
composition of the seed bank between areas 
at different concessional stages (R2 = 0.210, p < 
0.001). The post-hoc test showed that the areas 
with 10y MA showed no difference in the species 
composition of the seed bank in comparison to 
the non-managed area, as expressed in the NMDS 
(stress = 0.239) (Fig. 6b).

Beta diversity analysis (0.33) for species 
richness in the seed bank revealed a greater 
turnover (0.26) than nestedness (0.07) in all 
regeneration times. Similarly, for the seed rain, the 
beta diversity analysis (0.39) for species richness in 
the seed bank revealed greater turnover (0.30) and, 
to a lesser extent, nestedness (0.09).

The Venn diagram showed that the most 
numerous sharing of seed rain occurred between 
the 10-year and 25-year regeneration areas (two 
species); however, there was low sharing between 
the other areas (one species). The area with 10 years 
of regeneration presented more exclusive species 
(five species) (Fig. 7a). For the seed bank, the areas 
with 10 and 25 years of regeneration shared a more 
significant number of species (five species), while 
the area with 10 years of regeneration, alongside 
being non-managed, shared the lowest number 
of species (one species). The non-managed area 
presented more exclusive species (five species) 
(Fig. 7b).

Environment Number of seeds Richness Family Jack1

10y MA 1.338 15 9 19±2

25y MA 1.248 11 8 14±2

NMA 2.024 13 11 16±1

Table 2 – Number of seeds, species richness, number of families, and Jackniffe I values for areas with 10y MA, 25y MA 
and NMA, in the transition region between Cerrado and Caatinga, Corrente, Piauí.
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Family Species 10y MA 25y MA NMA

Amaranthaceae Amaranthus viridis L. 1 1

Anacardiaceae Astronium urundeuva (M.Allemão) Engl. 24 16

Asteraceae Lepidaploa cotoneaster (Willd. ex Spreng.) H.Rob. 1

Pectis brevipedunculata (Gardner) Sch.Bip. 1

Sonchus oleraceus L. 2 6 6

Brassicaceae Brassica sp. 1

Convolvulaceae Ipomoea sp. 1 1

Combretaceae Combretum leprosum Mart. 7 4

Commelinaceae Comelinea erecta L. 1

Cyperaceae Cyperus sp.1 41

Cyperus sp.2 48

Cyperus trigynus Spreng. 12 173 14

Euphorbiaceae Croton campestris A.St.-Hil. 1 1

Croton sp. 11 8 9

Euphorbia prostrata Aiton 3

Fabaceae Clitoria ternatea L. 1 1

Mimosa pudica L. 1 7 1

Mimosa sp. 1 1

Senna obtusifolia (L.) H.S.Irwin & Barneby 2 1 1

Zornia Reticulata Sm 1

Iridaceae Cipura paludosa Aubl. 8 14 1

Lamiaceae Mesosphaerum sidifolium (L’Hér.) Harley & J.F.B.Pastore 4 19 20

Loganiaceae Spigelia anthelmia L. 1 2

Malvaceae Sida rhombifolia L. 4 1 2

Phyllanthaceae Phyllanthus niruri L. 4

Poaceae Digitaria horizontalis Willd. 22 5 3

Panicum sp.1 45 25 2

Panicum sp.2 14 15

Paspalum plicatulum Michx. 363 74 486

Portulacaceae Portulaca grandiflora Hook. 1 4

Rubiaceae Borreria tenella (Kunth) Cham. & Schltdl. 206 187 85

Richardia grandiflora (Cham. & Schltdl.) Steud. 30 45 19

Sapindaceae Magonia pubescens A.St.-Hil. 1

Solanaceae Schwenckia americana Rooyen ex L. 28 10 1

Xyridaceae Xyris sp. 112 129 64

Total 901 836 731

Table 3 – List of families and seedlings species from the seed bank with respective numbers of individuals for areas with 
10y MA, 25y MA and NMA, in the transition region between Cerrado and Caatinga, Corrente, Piauí.
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Differences were found in species composition 
between seed rain and seed bank for the area with 
10 years of regeneration (R2 = 0.422, p = 0.001; 
NMDS stress = 0.089) (Fig. 8a). For the area with 
25 years of regeneration, differences in species 
composition between seed bank and seed rain were 
also observed (R2 = 0.370, p = 0.001; NMDS stress = 
0.100) (Fig. 8b). Lastly, for the non-managed area, 
seed bank and seed rain also differed in species 
composition (R2 = 0.350, p = 0.001; NMDS stress = 
0.089) (Fig. 8c).

Discussion
Species richness in the seed bank would 

be higher in the non-managed area and lower in 
areas subjected to agricultural management. We 
believe intensive management causes changes 
in the environmental conditions of managed 

areas, affecting soil compaction and exposure, 
temperature, and luminosity, directly influencing 
the formation of a transient seed bank. Changes 
in environmental conditions in regenerating 
areas improve during the process of recovery 
for degraded environments, allowing for the 
recruitment of species contained in the seed bank, 
thus boosting species richness observed in seedlings 
that have emerged from the seed bank during 
succession (Török et al. 2018).

Considering the above, reduction in species 
richness in the seed bank can be explained by the 
intensity of management and regeneration time. At 
the beginning of regeneration, a pool of emergent 
herbaceous species, mostly dispersed by autogenic 
dispersal, is common, resulting in a more significant 
autochthonous increment of propagules in the seed 
bank. On the other hand, due to the low entry of 

Environment Seedlings Richness Family Jack1

10y MA 901 22 15 25±2

25y MA 836 28 18 38±4

NMA 731 25 16 39±6

Table 4 – Number of seedlings, species richness, number of families, and Jackniffe I values for areas with 10y MA, 25y MA 
and NMA, in the transition region between Cerrado and Caatinga, Corrente, Piauí.

Figure 2 – a-b. Rarefaction curve in areas with 10y MA, 25y MA and NMA, in the transition region between Cerrado and 
Caatinga, Corrente, Piauí – a. seed rain; b. seed bank. (The dashed vertical line indicates the interpolation interval).

a b
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allochthonous propagules, there is also expected 
to be low species richness in the seed bank in early 
successional stages (Bekker et al. 2000). A seed bank 
influenced by autogenic sources plays a vital role for 
seed density in disturbed areas, as this can increase 
the possibility of species recruitment (Teketay 2005). 
Thus, we emphasize that agricultural management 
can affect the seed bank, reducing the number of 
species and limiting colonization and recruitment 
potential (Bezerra et al. 2022).

If species richness in seed rain was higher in 
non-managed areas and lower in areas undergoing 
regeneration was not confirmed. We believe that 
agricultural management contributes to the higher 
deposition of autochthonous propagules in seed 
rain, as seeds are dispersed close to the mother plant, 
which may decrease the possibility of emergence 
and recruitment of species, mainly arboreal and 
shrubby ones. While the predominance of species 
with anemochorous and autocorous strategies 
may favor more significant seed deposition in the 
soil, these species are also subject to exit factors, 
such as pathogen action and mortality due to 
inter- and intra-specific competition, which during 
regeneration may result in a community with lower 
species richness, as observed in managed areas 
(Janzen 1970; Connell 1971).

It is also worth noting that in open vegetation 
formations with low density, shorter heights, and 
deciduous characteristics - as described by Gomes 
et al. (2024) in a study using plots like the ones 
used in this research - the predominance of species 

with anemochorous and autocorous syndromes 
is standard (Griz & Machado 2001; Yamamoto 
et al. 2007; Piña-Rodrigues & Aoki 2014). Thus, 
these changes in physionomies reduce barriers to 
dispersion, favoring more significant deposition of 
autocorous and anemochorous seeds in the early 
stages of ecological succession, which may increase 
seed deposition in the seed bank. 

The higher number of seeds in managed areas 
is due to the strong influence of the emergence of 
herbaceous species present in the seed bank in the 
studied areas, such as the large amount of Poaceae 
emergence. The Poaceae family plays an important 
role in the structuring and functioning of open 
ecosystems, such as savanna fields (Oliveira 2023), 
as they have the C4 metabolism and take advantage 
of high luminosity in rainy summers to convert 
into high biomass and seed production due to their 
early reproduction (Bond & Keeley 2005; Jeschke 
et al. 2008). Herbaceous species generally have a 
short reproductive cycle, playing a predominant 
role in colonizing disturbed areas that receive 
sufficient light for germination and establishment, 
especially in disturbed environments. These species 
are essential for soil cover and stability due to 
their roots’ rapid growth over the surface. They 
help contain erosion, reduce compaction, and 
increase the accumulation of organic matter (Sutili 
& Gavassoni 2017). 

The similarity we have found in the number of 
seeds deposited in seed rain may have been strongly 
influenced by an autochthonous contribution due 

Figure 3 – a-b. Boxplot of the number of emerged seeds and deposited seeds in areas with 10y MA, 25y MA and NMA, in 
the transition region between Cerrado and Caatinga, Corrente, Piauí – a. seed rain; b. seed bank.

a b
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to the extensive deposition of anemochorous and 
autocorous seeds. In dry forests, the predominant 
dispersal strategies in seed rain are anemochorous 
and autocorous (Martínez-Garza et al. 2011), which 
have characteristics of short-distance dispersion 
near the mother plant (Janzen 1970). This may 
have caused the deposition of a large number of 
propagules in the collectors.

The entry of zoochoric species into the study 
areas can be explained by the connectivity of the 
vegetation with adjacent areas, which can serve as 
routes for dispersers and a source of resources for 
dispersing fauna (Ribas et al. 2016). The emergency 
of zoochoric species in the seed bank, even in 
small quantities, reveals the potential of these 

areas to attract dispersers and, consequently, the 
importance of the conservation of local fauna, 
as well as enabling the formation of a seed bank 
influenced by allochthonous species (Gasparino et 
al. 2006; Martins 2016). Differences in microhabitats 
between conserved and managed areas may favor 
the emergency of herbaceous species in the seed 
bank (Reis et al. 2006; Santos et al. 2013, Silva et al. 
2013; Silva et al. 2016). Managed areas have less 
dense vegetation, therefore receiving a greater 
amount of light, while in more advanced stages, 
they have denser vegetation and are therefore 
more shaded, due to the presence of canopy trees, 
resulting in a decrease in the herbaceous component 
(Souza et al. 2006).

Figure 4 – a-d. Relationship between species richness and abundance with different types of dispersal syndromes across 
different successional stages (10y MA, 25y MA and NMA) in the transition region between Cerrado and Caatinga, Corrente, 
Piauí– a,c. seed rain; b,d. seed bank.

a b

c d
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A low input of zoochoric seeds and species in 
the study areas reveals little influence of dispersal 
agents in seed rain (Dent & Estrada-Villegas 2021). 
The limited availability of food attractants and 
the absence of perching plants in these areas may 
contribute to the low attractiveness for dispersing 
fauna and, consequently, low deposition of 
zoochoric species in seed rain (Ingle 2003). On 
the other hand, the strong influence of autochoric 
and anemochoric seeds and species, as previously 
highlighted, occurs due to the characteristics of 
the vegetation types that facilitate short-distance 
dispersal from the mother plant (Nathan et al. 
2002), increasing the deposition of propagules 

and further demonstrating the autochthonous’ 
solid influence on seed rain formation (Gonçalves 
et al. 2021).

The presence of all growth behaviors in 
the seed bank demonstrates the potential of 
contributing to the vertical stratification of the 
plant community during regeneration (Fróes 
et al. 2020; Garcia et al. 2022). It is worth noting 
the importance of tree component diaspores in 
the seed bank for the future structuring of the 
community during regeneration. In addition to the 
tree component, due to their canopy, they can serve 
as natural perches and also improve microclimatic 
conditions such as cooler temperatures, higher 

Figure 5 – a-d. Relationship between species richness and abundance with different types of growth habits across different 
successional stages (10y MA, 25y MA and NMA) in the transition region between Cerrado and Caatinga, Corrente, Piauí – 
a,c. seed rain; b,d. seed bank.

a b

c d
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Figure 6 – a-b. Ordination of sampling units based on the matrix of species emergence and seed counts in areas with 10y 
MA, 25y MA and NMA, in the transition region between Cerrado and Caatinga, Corrente, Piauí – a. seed rain; b. seed bank.

a

a

b

b

Figure 7 – a-b. Venn diagram showing the species sharing between areas at different sucessional stages (10y MA,25y MA 
and NMA), in the transition region between Cerrado and Caatinga, Corrente, Piauí – a. seed rain; b.seed bank.
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humidity, and soil nutrients to facilitate the 
colonization of species from adjacent areas 
(Ribaski et al. 2001). Thus, the increase in species 
richness of the tree component in managed areas 
is evidence of succession advancement (Baider 
et al. 2001). Our results showed that the areas 
receive diaspores representing all strata, which 

may contribute to forming a more functionally 
diverse seed bank (Costa 2017), as evidenced 
in this study. Replenishing a seed bank with 
representatives of all growth habits ensures the 
regeneration process of disturbed areas, especially 
their vertical structure (Grombone-Guarantini & 
Rodrigues 2002; Bezerra et al. 2023).

Figure 8 – a-c. Non-parametric multidimensional scaling (NMDS) demonstrating the comparison in species composition 
of seed bank and seed rain for the areas differents in the transition region between Cerrado and Caatinga, Corrente, Piauí 
– a. 10y MA; b. 25y MA; c. NMA.

a

b

c



Seed rain and seed banks in Cerrado-Caatinga regeneration processes 15 of 19

Rodriguésia 76: e00202024. 2025

The dominance of herbaceous plants 
across all successional stages can contribute to 
maintaining both productivity and species richness 
(Araújo et al. 2004). In ecological succession, 
herbaceous plants play a vital ecological role 
by preserving soil moisture and enhancing the 
potential for seeds of other species to integrate 
with their roots and remain in the seed bank (Alves 
et al. 2018). Conversely, the lower number of tree 
species observed across all successional stages 
may be attributed to the prolonged dormancy 
period typical of these plants (Fávero et al. 2015). 
This dormancy strategy improves survival rates, 
persistence, and seed viability in the seed bank, 
ensuring that a certain number of individual 
trees establish themselves in the environment as 
succession progresses (Pereira et al. 2013).

We believe the seed rain is strongly influenced 
by the local vegetation (trees and shrubs). On the 
other hand, the seed bank is more affected by the 
regenerating stratum due to the predominance of 
herbaceous growth habit (Baider et al. 2001; Martins 
& Engel 2007), which justifies the differing species 
composition between seed rain and seed bank 
observed in this study. In a study conducted in 
identical plots, Gomes et al. (2024) demonstrated 
that the species composition of the tree and shrub 
community differed from the regenerating stratum 
at all stages studied here.

Thus, this study highlights the negative 
consequences of intensive agricultural management 
for diversity in the ecotone area between the 
Cerrado and Caatinga. Activities of this nature 
promoted higher averages of autochthonous and 
herbaceous species in the regenerating areas for 
both seed rain and seed banks. This factor hindered 
the progress of succession by limiting the entry of 
propagules from more distant regions. However, 
our results also revealed the importance of the 
seed bank and seed rain in supplying propagules 
belonging to various growth habits in the vertical 
structuring of the community in regeneration.

The difference in species composition of the 
seed bank between managed areas can be justified 
because the species emerging in the seed bank 
in the 10-year managed area reflect a persistent 
seed bank formed in the past, similar in species 
composition to non-managed areas (Paulsen et 
al. 2013). On the other hand, the dissimilarity in 
species composition of the seed bank in the 25-year 
managed area in regeneration can be explained by 
the fact that it is composed of seeds representing 
the local vegetation from a seed bank formed 
in the past or by dispersal from adjacent areas 
(Sorreano 2002; Silva et al. 2013; Valenta et al. 2015). 
Our evidence can be supported by the findings 
of Gomes et al. (2024), who showed differences 
in species composition and highlighted the 
substitution of tree, shrub, and regenerating species 

among regeneration times in the same plots used in 
this study. Our results reinforce the importance of 
local vegetation in seed bank formation, as species 
replacement occurs in response to improved 
environmental conditions and the advancement 
of regeneration time in managed areas (Poorter 
et al. 2019).

However, the species composition of the 
seed rain differed between the areas. The observed 
difference in species composition between the 
regions studied reflects the autochthonous seed 
dispersal of the local plant community, as shown 
in the work of Gomes et al. (2024). After all, seed 
rain generally tends to have more species from 
the permanent vegetation that makes up the 
established community in the area (Jara-Guerrero 
et al. 2020). Thus, we can perceive that the effect of 
management on vegetation may end up favoring 
local dispersion by promoting limitation of 
dispersal (San-José et al. 2019).

F ina l ly,  we  h ighl ight  the  negat ive 
consequences of agricultural management, since 
management activities promote an increase in 
the autochone and herbaceous contribution to 
both seed rain and the seed bank. Our results also 
revealed the importance of the seed bank and 
seed rain in providing propagules belonging to 
different forms of life in the vertical structuring 
of the regenerating community. Finally, this 
study highlights the importance of implementing 
diversity analyses to understand community 
dynamics during the natural regeneration process, 
comparing areas at different stages of regeneration.
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