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ABSTRACT: This study evaluated seed rain in different forest formation soil uses in the Serra do Sudeste region, Pampa biome.
Four area were selected: active restoration (Area 1), passive restoration (Area 2), eucalyptus commercial plantation (Area
3) and native forest (Area 4). Ten permanent collectors of 1 m? each were installed in each area, being suspended 1 meter
above the soil surface. Collections were made monthly for twelve months in 2018. The analyzed variables were: the number of
morphospecies, number of individuals, the indices of Margalef richness, Pielou evenness, Shannon diversity, Jaccard floristic
similiarity, and possible correlations by detrended correspondence analysis (DCA). Total number of seeds sampled during the
period was 239,988, distributed across 116 morphospecies. The area under active restoration (Area 1) did not differ statistically
by the Kruskall-Wallis test (p < 0.05) of the native forest (Area 4) for the number of seeds. Area 1 presented a higher number of
morphospecies and greater diversity of species, followed by Area 4. Seed rain can be a promising ecological indicator for the
conditions of the present study.
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Chuva de sementes como indicador ecoldgico de restauracao florestal
no bioma Pampa

RESUMO: O presente estudo avaliou a chuva de sementes em diferentes usos do solo de formagéo florestal na regido da
Serra do Sudeste, bioma Pampa. Foram selecionadas quatro areas: restauragao ativa (Area 1), restauragéo passiva (Area 2),
plantio comercial de eucalipto (Area 3) e mata nativa (Area 4). Em cada &rea, foram instalados dez coletores permanentes de
1 m? cada, suspensos a 1 m acima da superficie do solo. As coletas foram feitas mensalmente durante doze meses no ano de
2018. As variaveis avaliadas foram: niamero de morfoespécies, nimero de individuos, riqueza de Margalef, equitabilidade de
Pielou, diversidade de Shannon, similiaridade floristica de Jaccard e as possiveis correlagdes pela analise de correspondéncia
segmentada (DCA). O total de sementes amostradas durante o periodo foi 239.988, distribuidas em 116 morfoespécies. A
area sob restauracao ativa (Area 1) ndo diferiu estatisticamente pelo teste de Kruskall-Wallis (p < 0,05) da mata nativa (Area
4), quanto ao nimero de sementes. A Area 1 apresentou maior niimero de morfoespécies e maior diversidade de espécies,
seguida pela Area 4. A chuva de sementes demonstrou ser um promissor indicador ecolégico para as condigdes do presente
estudo.

Palavras-chave: restauragéo ativa; diversidade; morfoespécies; mata nativa
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Seed rain as an ecological indicator of forest restoration in the Pampa biome

Introduction

The Pampa biome is formed by ecosystems with high
species’ diversity, thus guaranteeing important environmental
services such as the conservation of water resources, the
availability of pollinators and the provision of genetic resources
(Pillar et al., 2009). The biodiversity of this biome has been
threatened by the progressive introduction and expansion
of monocultures, pastures with exotic species (Amaral et al.,
2016), exotic forest species (Echer et al., 2015), and extensive
cattle raising above stocking capacity (Marchi et al., 2018).
These factors have been drastically reducing the vegetation
cover, resulting in the fragmentation of the biome where the
native biota remains isolated on habitat islands separated by
degraded landscapes (Marchi et al., 2018).

Some recommendations have been proposed to achieve
successful restoration projects in forest physiognomies in
the Pampa biome, with the need for research activities and
monitoring of determinant processes being necessary for the
success of the projects (Rovedder et al., 2017). It is necessary
to use variables for the monitoring stage which are technically
called ecological indicators (Durigan, 2011). The ideal situation
is to find simple indicators which act as representatives of a
set of attributes of the ecosystem (Durigan & Engel, 2015).

One of the ecological indicators for the regeneration
capacity and establishment of plant populations is the seed
rain, which expresses the natural dynamics of vegetation, and
is an indicator of the potential for resilience (Tres et al., 2007).
Seed rain can be considered as the set of propagules from
the external vegetation (alien) and/or from the area itself
(indigenous) (Campos et al.,, 2009), which reach the areas
through different dispersion forms.

Seed rain is an important tool which enables obtaining
information on species composition, seed availability and
diversity, and is therefore essential for monitoring areas
undergoing the restoration process (Pifia-Rodrigues & Aoki,
2014). In view of the above, the objective of the present study
was to evaluate seed rain in different forest formation soil uses
in the Pampa biome of the Serra do Sudeste region, Brazil.

Materials and Methods

Study location

This study was carried outin the municipality of Cacapava
do Sul, in the Serra do Sudeste region of the Pampa biome
in the State of Rio Grande do Sul (30921’'31.31”S and
539221'05.09” W). The soil is classified as Neolithic Regolitic,
and having a wavy to strong wavy relief associated with
rock outcrops (Streck et al., 2008). The region’s vegetation
is composed of grassland in the mountain ranges and tops,
shrublandsin the flat and humid parts, being in connection
with savanoid vegetation (vassourais). There are also forest
formations with a predominance of Semi-deciduous Seasonal
Forest (SSF) with elements of the Mixed Ombrophilous Forest
in the areas of higher altitude, smaller forest formations
(capdes) and riparian forests (Rovedder 2013; Overbeck et al.,
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2015; Rovedder et al., 2017; Guarino et al., 2018). The semi-
deciduous character of SSF occurs in Rio Grande do Sul due
to the temperature distinction between the seasons, unlike
the deciduousness in tropical Brazil which occurs due to the
presence of a dry season. The region’s climate is Cfa according
to the Koppen classification, described ashumid subtropical
with hot summers and no defined dry season. The average
annual temperature is 18.12C (Alvares et al., 2013).

Four areas were selected on the experimental area, three
of which were defined as the Permanent Preservation Area
(PPA) (Table 1).

The strategy used in active restoration was planting in
nuclei using native forest species. 40 nuclei were planted
randomly per hectare with five seedlings per nucleus. The
passive restoration site has been isolated by fencing for 12
years after the removal of cattle. Commercial eucalyptus
planting is found around the areas. Area 4 consists of a Semi-
deciduous Seasonal Forest fragment. The floristic assessment
showed 21 forest species, inwhich Luehea divaricata Mart.
& Zucc., Cordia americana (L.) Gottshling & J.E.Mill., Eugenia
uniflora L., and Chomelia obtusa Cham. & Schultdl. showed
the highest densities. The forest fragment has a border effect
along its entire length, with an average width of 150 m and a
length of 1.6 km.

Table 1. Representation, description and characteristics of the
study areas in the municipality of Cacapava do Sul, RS, Brazil.

PPA = permanent preservation area.

Data colletion

The seed rain was assessed by permanent collectors of 1 m?
each, suspended at 1 m above the soil surface. The collectors
were made using wooden stakes and a 5 mm mesh sombrite
screen. Ten collectors were installed at random in each area in
November 2017, with each collector being a repetition. The
collectors in Area 1 were allocated below the nuclei.

The collection of deposited material was carried out
monthly for a period of 12 months (December 2017 to
November 2018). The seeds were separated from the material
deposited in the collectors, discarding the rest. All collected
seeds were classified by “morphospecies”, considering their
external morphology (Pifia-Rodrigues & Aoki, 2014).

The seeds were classified by dispersion according to
Van der Pijl (1982). They were classified as anemochoric
(dispersion by wind), zoochoric (dispersion by animals) and
autochoric (dispersion by the mother plant).

Data analysis

The total amount of seeds sampled in each area was
subjected to the Shapiro Wilk and Bartlett tests to verify the
normality assumptions of error distribution and homogeneity
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of variances, respectively. As the assumptions were not met,
the Kruskall-Wallis non-parametric test was performed (p
<0.05). The analyzes were performed with the R program
(version 3.5) using the Agricolae package.

The seed rain was analyzed from the calculations of
Richness (S), and Margalef’s richness, Pielou’s evenness and
Shannon’s diversity indices (Mieller-Dombois & Ellenberg,
1974). The calculated Shannon’s diversity index and Pielou’s
evenness index values of each area were compared using
the Hutcheson t-test at the level of 5% probability (p<0.05)
(Hutcheson, 1970), and the values of richness were compared
by the Kruskall-Wallis test at the level of 5% probability
(p<0.05).

The similarity between the areas was assessed using the
Jaccard index (Mdueller-Dombois & Ellenberg, 1974). The
species composition (number of seeds/species) of the seed
rain and the dispersion syndrome in each studied area was
analyzed by detrended correspondence analysis (DCA). All
analyzes were performed using the PAST program version 2.17
(Hammer et al., 2004). Low abundance species (species < 20
seeds) were removed to avoid noise in the analysis.

Results and Discussion

The total number of seeds sampled was 239,988 (5,999
seeds m2) distributed in 116 morphospecies. A total of 25 of
these were identified at the species level, distributed in 19
botanical families.

Area 2 (Figure 1) presented the largest amount of sampled
seeds (190,249), distributed in 31 morphospecies. The most
representative specie was Baccharis dracunculifolia DC. with
98.41% of the sampled seeds.

There was a statistically significant difference (p < 0.05)
by the Kruskal-Wallis test for the number of seeds collected
in the studied areas. Area 1 (active restoration) did not
differ statistically from Area 4 (native forest), however
Areas 2 (passive restoration) and 3 (commercial eucalyptus
plantation) showed a significant difference in the number of
seeds collected (Table 2).
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Figure 1. Quantity of seeds sampled in each study area in the
12-month period.

Area 4

Rev. Bras. Cienc. Agrar., Recife, v.15, n.3, 7220, 2020

Table 2. Kruskal-wallis pair comparison test of the number
of seeds collected in each study area in the municipality of
Cacgapava do Sul, RS, Brazil.

Area 1: planting in nuclei; Area 2: passive restoration area; Area 3: area with eucalyptus
plantations; Area 4: native forest. Averages followed by the same letter do not differ by
the Kruskal-Wallis test at 5% probability of error.

The significant amount of seeds sampled in Area 2 can be
explained by the presence of the B. dracunculifolia specie,
which presented 98.41% of the seeds present in the area.
The region is known for its mosaic of grassland, shrub and
tree formations. Among the shrub formations (also called
savanoids), there are “vassourais”, with a predominance
of Asteraceae, mainly of the Baccharis genus (Rovedder,
2013; Guarino et al., 2018). Due to the expressiveness of
B. dracunculifolia seeds in A2, we can infer that passive
restoration under the study conditions favor the typical
ecological succession of the region, which is represented
by a prolonged stage of savanoid vegetation with shrubs of
heliophilous and anemochoric dispersion species stand out.
Ecological succession and the transition between grassland
and forest are still process which needs to be better elucidated
in the Pampa biome. This transition is a natural process of the
biome; the climatic optimum was reached between 4000 and
5000 years BC which culminated in the current more humid
climate with well distributed rainfall, leading to the expansion
of the Atlantic Forest to the south of Brazil and favors the
transition for forest formations (Marchiori, 2006; Rovedder,
2013).

The low number of seeds sampled in Area 3 may be related
to the commercial eucalyptus planting. Monodominant areas
such as eucalyptus stands or bamboo species massifs are
reported as limiting barriers for fauna and seed rain dispersal
(Marsden et al., 2001; Bona et al., 2020), the seed bank (Vinha
et al., 2017) and natural regeneration (Felker et al., 2018). In
addition, the eucalyptus matrix can hinder the circulation of
native seeds of anemochorous dispersion, as it also acts as a
barrier to wind circulation (Pifia-Rodrigues & Aoki, 2014).

Area 4 presented greater values for ecological indexes,
mainly richness (S), Margalef’s richness (d) and Shannon’s
diversity index (H’) (Table 3). This result is consistent with its
role as a control of the original ecosystem. Considering that
Shannon’s diversity (H’) is a relationship between richness
and number of individuals (Pifia-Rodrigues & Aoki, 2014), it
is possible to understand the low values of this index for the
areas with the highest number of seeds collected, namely
Areas 1 and 2.

The fact that Area 3 has one of the highest Shannon diversity
indexes is probably related to the lower number of seeds,
which may have increased the evenness between species. Pifia-
Rodrigues & Aoki (2014) found similar results in seed rain in
forest fragments. They verify the forest fragment that had less
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Table 3. Species/morphospecies richness (S); Margalef’s
richness (d); Pielou’s evenness (J’) and Shannon’s diversity (H’)
for seed rain planted in nuclei (Area 1), passive restoration
(Area 2), commercial planting of eucalyptus (Area 3) and
native forest (Area 4).

* Values followed by the same letter in the column do not differ by the Kruskal-Wallis test
at 5% probability of error. ** Values followed by the same letter in the column do not
differ by the Hutcheson t-test at 5% probability of error.

richness and less abundance obtained a higher Shannon index.
The mathematical reason for this index can lead to erroneous
interpretations from an ecological point of view, generating an
overestimation of diversity (Magurran, 2013).

In relation to species, Area 1 presented the second highest
morphospecies richness (S), however with a low Pielou
evenness level ()’ = 0.1587). Area 2 had the lowest evenness
level ()’ = 0.0341). It indicates that few species concentrate
the largest amount of sampled seeds (Pifia-Rodrigues & Aoki,
2014). This factor can be explained by the abundant presence
of B. dracunculifolia specie in the area.

Area 3 had the highest Pielou evenness index ()’ = 0.8584).
It means a high distribution uniformity of individuals between
species, however with a low amount of morphospecies and a
low number of seeds.

Kanieski et al. (2017) classified the Margalef index value
of 2.20 as low diversity in order to find the best indicators to
assess the structure and diversity of the tree component in a
Mixed Ombrophilous Forest. The same occurred in the Pifia-
Rodrigues & Aoki (2014) study. They classified the value of
1.002 found for the Margalef index in a study of seed rain as
low species richness. In addition, in another study of the tree
component Kanieski et al. (2010) found Margalef index values
which ranged from 6.24 for the lowest diversity plot to 10.05
for the highest diversity plot with an average of 8.38, which
denotes high diversity in the tree component. Therefore, it
can comparatively be concluded that Area 4 presented high
species diversity (d = 8.69), Area 1 presented medium species
diversity (d = 5.993), and Areas 2 and 3 showed low species
diversity (d = 2.488 and 3.29, respectively).

The anemochoric dispersion syndrome is correlated to a
greater degree with Area 2, and it is also correlated to a lesser
extent with Areas 1 and 3. Area 4 is more closely related to the
zoochoric dispersion syndrome (Figure 2). A predominance
of zoochoric syndrome in subtropical and neotropical forest
ecosystems has been widely documented (Budke et al. 2005;
Giehl et al. 2007; Scipioni et al., 2013; Sccoti et al., 2016;
Capellesso et al., 2018). On the other hand, the relationship
between the seed rain composition and the successional
stage has produced less consensus even until today.

Huanca Nufiez et al. (2019) did not find an increase in the
species percentage of zoochoric syndrome in the seed rain
with the increase in the successional age of secondary tropical

Area 1: planting in nuclei; Area 2: passive restoration area; Area 3: area with eucalyptus plantations; Area 4: native forest.
Figure 2. Corrected correspondence analysis (DCA) for seed rain and seed dispersal syndrome in the municipality of Cacapava
do Sul, RS, Brazil. Anemo = anemochorous; Zooc = zoochoric; Auto = Autochoric; Anemo/zoo = Anemochoric and Zoochoric;

Anemo/auto = Anemochoric and Autochoric; NI = Not identified.
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forests, although the species assembly in the seed rain has
approached the assembly of mature forests. On the other
hand, in evaluating seed rain over nine years, Wang et al. (2019)
found 54% of the propagules belonging to the typical species
of mature forests; a percentage which the authors considered
low for their study conditions. Due to the heterogeneity and
multidirectional nature of ecological succession processes,
there is no seed rain pattern, and therefore such results are
not self-excluding.

This greater interaction between Area 2 (which has been
under passive restoration for 12 years) with the anemochoric
dispersion syndrome corroborates the study by Souza et
al. (2018), in which two areas with nine years of isolation
registered a greater predominance of anemochoric seeds.
These results are also similar to the study by Souza et al.
(2014). They verify 95% of the diaspores found in the seed
rain in an abandoned agricultural area (with regenerated
vegetation without a completely closed canopy) 18 years ago
were composed of anemochoric species. The same authors
mention that this result is probably related to the absence of
a closed canopy.

This interaction can also be explained by the high density
of B. dracunculifolia seeds belonging to the Asteraceae family.
The Baccharis genus indicates the initial character of the
restoration process, because these species generally prefer
open areas or altered forests where there is greater light
incidence (Rech et al., 2015). These species occur in grasslands
or in open sites, constituting dense and dominant formations
in capoeiras and degraded lands (Aradjo et al., 2003). In
addition, according to Fagundes et al. (2005), B. dracunculifolia
is considered a colonizer of disturbed environments.

Area 1 (planting in nuclei) had a predominance of the
anemochoric dispersion syndrome (Figure 2), however, in a
less degree level interaction when compared to Area 2 (passive
restoration area). Probably due to the easy circulation of seeds
between the open spaces around the nuclei even though
the nuclei planting technique has been implanted for seven
years. We verify the occurrence of B. dracunculifolia seeds
in Area 1, probably due to its proximity to Area 2; a factor
which may have caused this predominance in the amount of
anemochoric seeds.

Area 4 has a greater degree of correlation with the
zoochoric dispersion syndrome, which can be explained by the
fact that the native forest enables maintaining fauna which
seeks refuge, food and water, and thus favors this syndrome
in this environment (Venzke et al., 2014).

The composition of seed rain species showed similarity
by the Jaccard index, varying from 0.15 to 0.35 between the
areas studied (Figure 3). It is possible to observe that Areas 1
and 4 had greater similarity when compared to Areas 2 and
3. Area 4 is a native forest, and therefore has its own support
in the seed rain. Area 1 is similar to the native forest, possibly
due to two aspects: (1) the release of seeds from the trees
which were planted in the nuclei; and (2) the nuclei are being
effective in their processes, mainly in attracting fauna which
are seed dispersers.
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The dissimilarity in Area 2 under passive restoration for
12 years can be explained by the expressive amount of B.
dracunculifolia species. However, the dissimilarity in Area
3 can be explained by the canopy cover of the eucalyptus
plantation, it acts as a barrier to the propagules in this area.

In the detrended correspondence analysis (DCA) (Figure
4), there is a correlation of the B. dracunculifolia species with
Area 1 and to a greater degree with Area 2. This correlation
can be explained because the species has typical capoeira
characteristics (Brack et al., 1998) and finds favorable
conditions for its establishment in these two areas. The
specie is typical of fields in the Pampa biome (Overbeck et al.,
2015) and has its own characteristics of colonizing plants and
frequently occurs in disturbed areas and pastures (Gomes &
Fernandes, 2002). B. dracunculifolia belongs to the Asteraceae
family, which constitutes the family with the highest specific
richness in the State of Rio Grande do Sul, and can form dense
populations (Boldrini et al., 2015) in sites which are favorable
for their development.

Area 3 mainly correlates with the Moquiniastrum
polymorphum, Solanum mauritianum and Vernonia discolor
species. The presence of these species may be associated
with the dispersion syndrome, since M. polymorphum and V.
discolor have anemochoric syndrome, while S. mauritianum
has zoochoric syndrome. One factor which may explain the
presence of S. mauritianum seeds in the area is the occurrence
of individuals of this species among eucalyptus, which were
observed in loco during data collection.

Area 1: planting in nuclei; Area 2: passive restoration area; Area 3: area with eucalyptus
plantations; Area 4: native forest.

Figure 3. Floristic similarity dendrogram using the Jaccard
index for seed rain in the municipality of Cagapava do Sul, RS,
Brazil, in a sample period of 12 months.
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Legend: B. dracunculifolia (Baccharis dracunculifolia DC.); C. americana (Cordia americana (L.) Gottschling & J.5.Mill); M. umbellata (Myrsine umbellata Mart.); P. rigida (Parapiptadenia
rigida (Benth.) Brenan); S. commersoniana (Sebastiania commersoniana (Baill.) L.B. Sm & Downs); M. regnellii (Mimosa regnellii Benth.); H. apiculata (Helietta apiculata Benth.);
S. mauritianum (Solanum mauritianum Scop.); V. discolor (Vernonia discolor (Spreng.) Less.); L. divaricata (Luehea divaricata Mart. & Zucc); M. polymorphum (Moquiniastrum
polymorphum (Less.) G. Sancho); E. deciduum (Erythroxylum deciduum A.St--Hil.); A. edulis (Allophylus edulis (A.St.-Hil.) Hieron. ex Niederl.); H. heptaphyllus (Handroanthus
heptaphyllus (Vell.) Mattos); C. obtusa (Chomelia obtusa Cham. & Schltdl); S. terebinthifolius (Schinus terebinthifolius Raddi); M. coriacea (Myrsine coriacea (Sw.) R.Br. ex Roem. &
Schult.sp); L. molleoides (Lithraea molleoides (Vell.) Engl.); E. uniflora (Eugenia uniflora L.); D. inconstans (Diospyros inconstans Jacq.).

Figure 4. Ordering diagram of the Detrended Correspondence Analysis (DCA) showing the arrangement of the areas in relation
to the morphospecies sampled in the seed rain for a period of 12 months in the municipality of Cacapava do Sul, RS, Brazil. Area

1: planting in nuclei; Area 2: passive restoration area; Area 3: area with eucalyptus plantations; Area 4: native forest.

Area 4 has correlation with a greater species richness
when compared to the other areas, and consequently
a greater diversity which can be explained because the
area is a native forest. Among the species present, we
can highlight: Cordia americana;, Myrsine umbellata;
Parapiptadenia rigida; Sebastiania commersoniana; Mimosa
regnellii; Helietta apiculata; Luehea divaricata; Erythroxylum
deciduum; Allophylus edulis; Handroanthus heptaphyllus;
Chomelia obtusa and Diospyros inconstans. Among these,
the zoochoric syndrome species were responsible for 42%
of the number of seeds in the seed rain, the ones with the
greatest abundance of seeds were M. umbellata, C. obtusa
and D. inconstans, with a predominance pattern of this
syndrome in A4.

This greater richness and the predominance of zoochoria
reinforce the importance of native forests close to the
restoration intervention sites (Souza et al., 2014; Holl et
al.,, 2016). In the study by Holl et al. (2016) in evaluating
different restoration strategies and surrounding forest cover,
the authors reiterated the importance of conserving native
forests for a region’s biodiversity. Native forests close to
disturbed sites or undergoing the restoration process help in
the succession process (Souza et al., 2014).

Area 4 correlated with species attractive to dispersing
fauna such as M. umbellata, E. deciduum, A. edulis, C. obtusa
and D. inconstans (Sccoti et al., 2016; Capelesso et al., 2018;
Guarino et al., 2018) and melliferous species such as M.
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regenellii (Radaeski et al., 2019), which is advantageous to the
processes of connectivity and maintenance of forest remnants
due to the displacement of fauna (Branddo et al., 2017).

Through the seed rain assessment in the present study, it
was possible to verify the species composition, seed availability
and diversity in different forest formation soil uses and areas
under restoration. Seed rain is a good ecological indicator
for monitoring forest restoration. However, it is suggested to
select a larger set of ecological indicators and tested locally in
order to provide greater support for monitoring restoration
areas in the Pampa biome.

Conclusion

Seed rain is a good indicator to differentiate ecosystem
conditions. Active restoration through planting in nuclei
is more efficient for the return of seed rain than passive
restoration, and the site under passive restoration presents
an initial restoration process despite 12 years after isolation.

Commercial eucalyptus planting has little interaction with
seed rain, even acting as a barrier to seed dispersal. On the
other hand, the native forest acts as a source of resources for
the local seed dispersing fauna.

The anemochoric dispersion syndrome predominates
in areas which do not yet form the forest canopy. Baccharis
dracunculifolia species strongly influences seed rain in the
study region.
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