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Abstract

We used seed rain to monitor a conserved forest and a 5-6-year-old forest undergoing natural regeneration after fire.
The sampled species were classified according to regionality, life forms, dispersal modes, and successional stage, and
the forests were compared. The type of forest and time since disturbance had significant effect on the abundance
of seeds — 67.3% being produced in the forest under restoration. Biological diversity was higher in the conserved
forest. On the other hand, species richness was not affected by the type of forest, and the species composition was
similar between forests. In addition, we found similar proportions of life forms, zoochorous species, and non-pioneer
species in the forests. Our study shows that natural regenerating forests can recover different attributes of the seed
rain in few years when in forest matrices. Thus, to accelerate restoration and create trustworthy forests we should
conserve the remaining mature fragments and use them to facilitate ecological restoration.
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1. INTRODUCTION AND OBJECTIVES

Disturbances such as a fire are frequent in areas of remnant
vegetation, especially in the Brazilian Cerrado and Atlantic
Forest biomes (Araujo et al., 2012). In these biomes, four to
five months of ecological drought can be expected every year
(Rizzini, 1997). After fires the forest begins to regenerate through
colonization by seeds blown or carried from surrounding
forests. It then goes through the different stages of secondary
succession (Ricklefs, 2008). The ecological succession in
tropical forests is characterized as an idiosyncratic process
and is directed by many factors (Chazdon et al., 2007) that
allow degraded areas to recover naturally, provided there is
an adequate habitat matrix of forest fragments, which are a
source of seeds surrounding the area (Magnago et al., 2012).

Thus, seed dispersal is an essential mechanism for the
recolonization of degraded areas and for a spatial and temporal
structure of plant populations (Barbosa et al., 2012). By
definition, the deposition or seed rain includes all fruits and

seeds that reach a particular site as a result of a variety of
dispersal mechanisms (Booth & Larson, 1998). The seed rain
is among the main factors responsible for the initial phase of
tropical forest organization and regeneration after ecosystem
disturbances (Clark et al., 2001).

Procedures aimed at accelerating the recovery of degraded
areas via natural regeneration are necessary given the complexity
of tropical ecosystems (Holl et al., 2000). Furthermore, the
induction of natural regeneration (also called passive restoration)
is low cost since it only creates the conditions necessary for
the arrival and establishment of seeds blown from conserved
forests fragments in the vicinity (Rodrigues & Gandolfi, 2004).

Equally important as inducing natural regeneration is the
constant monitoring of an area to evaluate its current state,
and if the successional processes are taking place correctly.
Reviews of forest regeneration provide very useful information
for soil management, especially in vegetation recovering after
fires (Mitri & Gitas, 2013). Moreover, these studies allow
comparisons and more secure recommendations for soil
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management actions (Rodrigues & Gandolfi, 2004). In this
sense, seed rain has been used as an ecological indicator to
monitor forest restoration (Martins, 2011). Moreover, seed
rains can also be used to assess the conservation status of
forest fragments (Pifia-Rodrigues & Aoki, 2014).

In this study, we used seed rain as an ecological indicator
to monitor a conserved forest and a 5-6-year-old forest under
natural regeneration in the Brazilian Atlantic Forest. Then we
answered the following questions: (i) Is there an interaction/
influence of the type of forest and time on the abundance of
seeds?; (ii) Does the type of forest have an effect on species
richness?; (iii) Does the forest under restoration have comparable
biological diversity and species composition to the conserved
forest?; (iv) Is the proportion of life forms, zoochorous species,
and non-pioneer species in the forest under restoration the
same as in the conserved forest? Our prediction is that seed
rain is similar between sites because the forest matrix has a
positive influence on the forest under recovery.

2. MATERIALS AND METHODS
2.1. Study areas

The study forests are in the Municipal Ecological Park
“Rego dos Carrapatos’, in the municipally of Nova Lima, center
of Minas Gerais State (Figure 1a). The Park is in the south of
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the northern slope of Serra do Curral, in the Atlantic Forest
biome. Climate in the region is subtropical (Cwa according
to Koppen climate classification), with average temperatures
ranging from 17.6 °C (June) to 23.3 °C (January), and an average
annual rainfall of 1,390 mm (Climate-Data, [2017?]). The
Municipal Ecological Park “Rego dos Carrapatos” was donated
to the Nova Lima Municipal Government by the AngloGold
Ashanti mining company (formerly Morro Velho) in 1996. The
Park covers an area of 341,381 m*and it is adjacent to the city.

We selected two forests at the Ecological Park with different
characteristics for seed rain collection: one conserved and
another undergoing natural regeneration, separated by about
300 m (Figure 1b). The conserved forest is further from the
urban area and therefore more restricted to human access.
The vegetation is in good condition with a predominance of
tall trees, thick and typical trunks of more advanced stages of
succession, such as Cedrela odorata L. (“cedro”) and Lecythis
pisonis Cambess (“sapucaia’). The forest layers are well defined,
with the occurrence of canopy trees and understory species.

The forest undergoing restoration has been in natural
regeneration process since 2005, when a wildfire destroyed much
of the vegetation. In addition, the site has increased anthropogenic
pressure due to its proximity to a trail and for being located near
an old grazing area dominated by the exotic and invasive grass
Melinis minutiflora PBeauv. (Figure 1b). However, there are
some clearings, and lianas and vines are abundant.
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Figure 1. The studied forests are in the municipally of Nova Lima, at the middle of Minas Gerais State, southeastern Brazil (a): two forests
were selected at the Municipal Ecological Park “Rego dos Carrapatos” for sampling seed rain: a conserved old-forest and a forest undergoing
natural regeneration for 5-6 years (b). The forest under restoration is close to trails and an open area occupied by grasses (white triangle) (b).
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2.2. Sampling of seed rain

For sampling the seed rain, we randomly installed 30
seed traps in each forest, about 0.5 hectares. The traps were
made of wood, 1 x 1 m with a 1 mm mesh nylon screen and
approximately 70 cm tall. We collected the fallen material
in the traps monthly from November 2010 to October 2011.
The material was placed in labeled plastic bags and taken
to the Botany Laboratory of Centro Universitario de Belo
Horizonte, where we separated fruits and seeds.

First, we quantified and divided the fruits and seeds into
morphospecies. Then, they were identified according to the
level of species or genus consulting specific bibliography
and with the help of experts. The identification of botanical
families took place according to the rules of the Angiosperm
Phylogeny Group IV (2016) and the species or genus according
to the Brazilian Flora 2020 (2017). We classified the species
regarding their regionality (native or exotic) and life forms
(trees, shrubs, herbs or vines/lianas) according to the available
data in the Brazilian Flora 2020 (2017). We also classified the
species in relation to their dispersal modes in zoochorous and
non-zoochorous, and ecological/successional groups (pioneer
and non-pioneer species) through literature review (Aquino
& Barbosa, 2009; Ferreira et al., 2013; Gandolfi et al., 1995;
Guaratini et al., 2008; Silva et al., 2012).

2.3. Data analysis

First, we used the Shapiro-Wilk test to check the normality
of the data (raw data and residuals) and the Levene’s test to
check homoscedasticity. Then, a Generalized Linear Model
(GLM, with Gama distribution and Identity function) was
performed to answer the first question about the interaction
between type of forest (conserved and under restoration) and
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time (months) (independent variables) on the abundance
of seeds (dependent variable) (a factorial design). Next,
a t-test was performed to investigate whether the type of
forest influenced the species richness. To verify if the forest
undergoing restoration had similar biological diversity and
species composition in relation to the conserved forest, we
calculated the Shannon Diversity Index (H’) and Jaccard
Similarity Coefficient (J). Finally, t-tests were used to verify
whether the proportion of life forms (shrubs, trees, and
vines/lianas), zoochorous species, and non-pioneer species
were similar between forests. The statistical analyses were
performed in SPSS 23 software, the diversity index (H’) was
performed in PAST 3.15, and the similarity coefficient (J’)
was calculated in an electronic spreadsheet.

3. RESULTS

In total, 19,114 seeds/fruits were sampled and 67.3% of
them were recorded in the forest under restoration. We found
significant differences in the abundance of seeds between forests
and over time (months), and an interaction between these factors
on the abundance of seeds (x*11 = 44.6, p < 0.001) (Figure 2).
A deposition pattern in seeds was also observed in both forests,
with higher abundance of seeds being dispersed in November and
December 2010, and September and October 2011 (Figure 2).

We registered 55 species in the forest undergoing
restoration and identified 49 of them at the species or genera
level. The identified species represented 23 botanical families,
with Fabaceae and Malvaceae making up 28.6% of the total
stock (Supplementary material 1). Species richness in the
conserved forest was slightly higher (n = 62), but the number
of identified species was the same (n = 49). These species
represented 23 families, mainly Bignoniaceae, Fabaceae and
Malvaceae (30.6% of the total) (Supplementary material 1).
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Figure 2. Mean abundance of seeds sampled from November 2010 to October 2011 in a conserved old-growth forest and a forest
undergoing restoration at the Municipal Ecological Park “Rego dos Carrapatos,” Nova Lima in Southeastern Brazil. Vertical bars

represent standard errors.
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The type of forest had no effect on species richness, since it
did not differ statistically between them (t** = 1.68, p = 0.09).
Regarding biological diversity, we found higher diversity in
the conserved forest than in the forest under restoration
(H’ =2.57 and 2.3, respectively). About half of species were
common in both forests (] = 0.46).

A similar proportion was found for shrubs, trees, and
vines/lianas between forests (t** = 0.49, p = 0.62; t* = —-1.69,
p=0.97; and U = 341.5, p = 0.09, respectively) (Figure 3a).
The proportion of zoochorous and non-pioneer species was
slightly higher in the conserved forest but not statistically
significant (t** = -0.79, p = 0.43; t** = —-0.44, p = 0.66,
respectively) (Figure 3b).
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Figure 3. Mean proportion of life forms (a) and zoochorous and
non-pioneer species (b) registered in the seed rain of a conserved old-
forest and a 5-6-year-old forest under restoration at the Municipal
Ecological Park “Rego dos Carrapatos,” Nova Lima, in Southeastern
Brazil. Vertical bars represent standard deviations.

4. DISCUSSION

In our study, the seed rain was significantly affected
by the type of forest and time (months), especially in the
naturally regenerating forest where abundance of seeds

was more variable. This result corroborates other studies in
which a greater abundance of seeds fell on soil surfaces of
tropical forests in early successional stages than in mature
ones (Young et al., 1987). In both areas, the same species
(Vernonanthura discolor) contributed the highest amount of
seeds. However, in the forest under restoration, this species
produced more seeds, suggesting a greater investment of the
species in more open areas. Indeed, V. discolor is a pioneer
and generalist tree adapted to a wide range of environmental
conditions (Vibrans et al., 2011).

Vernonanthura discolor, together with Serjania orbicularis
and Terminalia glabrescens (a vine and a tree, respectively),
comprised 70% of the seeds collected in the forest under
restoration. This certainly contributed to the differences in
abundance of seeds and diversity between forests. The Shannon
Index results in higher values when the species richness is
greater and/or the abundance of species is more even in the
community (Magurran, 2004). Beyond the lower evenness,
we also found less species in the forest under restoration,
which may have influenced the diversity index too.

Besides displaying a similar pattern of seed abundance
between old-growth and restoration forests, our study also
reinforces the knowledge about the reproductive phenology
in tropical forests. The peaks of seed dispersal occurred
from September to December in both areas, coinciding
with other studies in secondary Brazilian Atlantic Forests
(Penhalber & Vani, 1997). We already expected a great
dispersal of seeds in this period because it coincides with
the start of the rainy season in the region. The fruit ripening
season should coincide with the period that provides
the best conditions for successful dispersal and seedling
establishment (Rathcke & Lacey, 1985). Additionally, the
above-mentioned species that most contributed with seeds
are wind dispersed. Species with this mode of dispersal
have small and light propagules that are easily overturned
by rain (Penhalber & Vani, 1997). This can also explain the
seeds deposition peaks in this period.

The floristic similarity between our studied forests was high,
considering that about half of the species were present in both
areas. This result may indicate that the natural regeneration
in the forest under restoration has been positively influenced
by the species composition of the conserved forest. In this
sense, we suggest that little time may be needed for the seed
rain composition in naturally regenerating forests located in
forest matrices to be comparable to conserved old-growth
fragments nearby.

However, besides the proximity to forest fragments, we
also need to consider the resilience of the area itself. Some
plants must have survived the fire, and with more light and
less competition, they regrew and invested in dispersal. Fire

Floresta e Ambiente 2020; 27(4): 20180190



creates a spatial heterogeneity and a range of local effects
in forests, which influence plant reestablishment and other
ecological processes (Turner & Romme, 1994).

The secondary succession processes and the rate of change
in species composition vary according to some factors, such
as the previous land use, the proximity of older forests, and
the availability of seed dispersing fauna (Chazdon, 2013).
The heterogeneity of the landscape, the arrangement of
borders between ecosystems, and connectivity to other forest
fragments are other factors that affect the seed flow between
forests (Metzger, 2000). In this way, our findings reiterate
the importance of the presence of conserved remnants that
actively contribute with native seeds to areas under restoration.
For comparison, a 5-year-old rehabilitated riparian forest
in a neighboring municipality (Sabard), but far from forest
remnants, had very low species richness in the seed rain and
half of them were exotic (Londe et al., 2017).

The floristic similarity with the conserved forest and
the high species richness that we found in the naturally
regenerating area can be considered good indicators of the
restoration progress. According to Brown & Lugo (1990),
when the number of species in secondary forests in the
initial stage of succession is high, it may be an indication
that the opportunities for its establishment are large. The
more species an early stage forest can sustain, the greater its
role as an “adopted” ecosystem, and more combinations of
species can occur (Brown & Lugo, 1990).

The predominance of tree species in seed rain is in line
with other studies carried out in the Brazilian Atlantic
Forest (Pivello et al., 2006). We did not observe seeds of
herb species in our study, probably due to the height of
the seed traps. Vine and lianas were found in both forests
(five species in the conserved area and three in the recovery
one), all of which were native, and the three species in the
forest under restoration were also present in the conserved
forest. This result once again underlines the importance
of connectivity between restored and conserved remnants
because it increases the chances of other life forms to
establish in areas under restoration.

In general, the proportion of zoochorous species tends
to be lower in successional early stage forests compared
to old forests (Brown & Lugo, 1990); however, we did not
notice this difference in our study. Zoochorous dispersal is
widely carried out by birds and mammals (Fenner, 1985),
and strongly decreases in open (grazing) areas and near the
forest edge (Holl, 1999). As the proportion of zoochorous
species was the same between forests, we suppose that seed
dispersers are not limited to the conserved forest, probably
due to the proximity of the areas.
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Another positive outcome was the similar proportion of
non-pioneer species between forests. This is a good descriptor
of recovery and indicates that such species are arriving via
dispersion and enriching the recovering community (Martins,
2011). Areas under restoration in good conditions should
have abundant seed rain and be rich in different proportions
of species (Martins, 2011).

5. CONCLUSION

We showed that the type of forest and recovering time
are factors that affect the abundance of the seed rain.
Moreover, the forest under restoration recovered the species
composition, the proportion of life forms and zoochorous
and non-pioneer species of the seed rain few years after
disturbance. These results suggest the matrix forest must
have positively influenced the regeneration of the adjacent
forest under restoration. We reinforce the importance of
conserving good forest fragments as a source of seeds to
accelerate the process of natural regeneration in areas under
restoration. This is essential when we consider that natural
regeneration is a cheaper method of restoration and (in
certain circumstances) can be used to restore large amounts
of degraded areas in the tropics.

Finally, to ensure the success and advance of the studied
forests and others in similar situations we recommend a
few simple but effective steps. For example, it is important
to protect the areas from sources of degradation, mainly
of new fires and further reduction in the number of trails/
tracks. Moreover, an efficient conservation technique of the
Municipal Ecological Park “Rego dos Carrapatos” and others
worldwide is making the surrounding human population
aware of the ecological importance of these places.
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