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Abstract
In this study we described the seed rain generated by bats under four Cerrado’s tree species common within pastures, 
Buchenavia tomentosa, Couepia grandiflora, Licania humilis and Qualea grandiflora. We analyzed the similarity 
among the four tree species in terms of seed rain composition, and compared the number of seeds and seed species 
deposited under them. Besides that, we assessed the relationship between seed rain intensity and the density of each 
tree species. Then, we randomly selected 10 mature trees of each species to sample seed rain. We recorded a total of 
4892 bat dispersed seeds from 11 species. Also, we observed that along the year seed deposition varied substantially 
under all trees. At least two seed sub-communities could be distinguished according to tree species used by bats as 
feeding roost. One related to Couepia grandiflora and Licania humilis, and the other to Buchenavia tomentosa and 
Qualea grandiflora trees. The variability of seed rain composition in any particular tree and the range of actual seed 
fall into a particular species indicate patchiness in seed rain, and the overall results appear to be consistent in terms of a 
substantial and diverse seed rain generated by bats in a highly anthropized landscape. This is the first study concerning 
seed dispersal by bats in modified Brazilian Cerrado, one of the most endangered biomes in the world. In this respect, 
by preserving a dense and diverse collection of remnant trees within today’s pastures may, potentially, contribute to a 
faster Cerrado recovery in extensive areas that can be reclaimed for restoration in the future.

Keywords: seed dispersal, seed diversity, frugivory, bat feeding roost, recruitment foci.

Chuva de sementes gerada por morcegos sob árvores remanescentes do 
Cerrado no Brasil Central

Resumo
Neste estudo descrevemos a chuva de sementes gerada por morcegos sob quatro espécies arbóreas comuns em pastagens 
no Cerrado (Bouchenavia tomentosa, Couepia grandiflora, Licania humilis e Qualea grandiflora). Também, analisamos 
a similaridade quanto à composição da chuva de sementes depositada sob as quatro espécies arbóreas, além da relação 
entre a intensidade da chuva de sementes e densidade de cada espécies arbóreas. Para tanto, selecionamos aleatoriamente 
10 árvores por espécie que fossem reprodutivamente maduras, para amostrar a chuva de sementes. Registramos um 
total de 4892 sementes, pertencentes a 11 espécies de plantas, dispersadas por morcegos. Durante o ano a deposição 
de sementes variou substancialmente sob todas as árvores amostradas. Duas sub-comunidades de sementes emergiram 
associadas às espécies arbóreas usadas por morcegos como abrigo de alimentação. Uma relacionada à Couepia 
grandiflora e Licania humilis, e outra relacionada à Buchenavia tomentosa e Qualea grandiflora. A variabilidade da 
composição da chuva de sementes sob qualquer uma das árvores, bem como a amplitude dessa chuva sob cada espécie 
de árvore indicou um padrão heterogêneo e intenso de deposição de uma coleção diversa de sementes em uma área 
altamente antropizada. Neste aspecto, a manutenção de uma rica e densa coleção de árvores remanescentes nas áreas 
de pastagens pode contribuir, potencialmente, para uma regeneração mais rápida do Cerrado em extensas áreas que 
podem requerer planos de restauração futuramente.

Palavras-chave: dispersão de sementes, diversidade de sementes, frugivoria, abrigo de alimentação de morcegos, 
foco de recrutamento.
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1. Introduction

Seed rain is the initial phase of tropical vegetation 
organization and structure (Gorchov et al., 1993; Wright et al., 
2005). Assessing the processes that generate different patterns 
of seed rain are essential steps toward understanding the 
organization and diversity of plant communities (Nathan 
and Muller-Landau, 2000). In fact, the importance of seed 
dispersal has been increasingly recognized as essential 
process that underlies plant community structure and 
dynamics (Harms et al., 2000). Typically, for any site, the 
seed community reflects the input of seeds of local origin, 
as well as the movement into a unit area by long distance 
immigrants (Martinez-Rammos and Soto-Castro, 1993; 
Harms et al., 2000). In the tropics, between 62 and 93% 
of all plants are consumed by frugivores, consequently 
patterns of vertebrate seed deposition are widely assumed 
to have a direct impact on plant fitness, demography, and 
community structure (Jordano, 1992).

Seed rain studies that assess vertebrates as seed vectors 
generally estimate seed shadows of individual trees as 
seeds are removed from a parent plant (Laman, 1996), or 
measure dispersal into sites such as deforested habitats 
(Guevara and Laborde, 1993), or forest gaps (Martinez-
Rammos and Soto-Castro, 1993; Loiselle et al., 1996; Wenny 
and Levey, 1998). In all cases the importance of these 
frugivores on seed rain patterns has always been confirmed 
(Voysey et al., 1999). In this respect, as few tropical trees 
produce seeds with long dormancy mechanisms (Baskin 
and Baskin, 1998), advanced vegetation regeneration results 
from relatively recent input of seeds from the seed rain, 
especially in abandoned pastures where the seed bank of 
many plant species has been depleted and a seedling bank 
does not exist (Slocum and Horvitz, 2000; Pausas et al., 
2006). Consequently, seed dispersal events are the only 
source of seeds for natural regeneration (Holl, 1999, 2002). 
In fact, lack of dispersal has been reported as an important 
limitation for vegetation regeneration in pastures, or 
colonization of fallow land (Kollmann, 1995). Remnant 
trees and shrubs remaining after vegetation conversion 
to pasture have greater seed rain beneath their canopies 
than in open pasture (Guevara et al., 1986; Guevara and 
Laborde, 1993; Nepstad et al., 1996; Slocum and Horvitz, 
2000; Holl, 2002). Many of these trees produce fleshy 
fruits, which attract frugivorous vertebrates to feed and 
rest within their fruiting canopies (Eshiamwata  et  al., 
2006). As a result, frugivores often deposit large number 
of seeds from several species under remnant trees (Guevara 
and Laborde, 1993; Galindo-González  et  al., 2000; 
Slocum and Horvitz, 2000; Pausas et  al., 2006). Then, 
the presence of trees may contribute to the recovery of 
environmental conditions favorable to tree regeneration 
processes (Parrotta et al., 1997; Lamb et al., 2005). A first 
consequence of improved environmental conditions is 
the high seedling establishment beneath remnants trees 
in comparison with adjacent areas of open pastures 
(Guevara  et  al., 1992; Zahawi and Augspurger, 1999; 
Slocum and Horvitz, 2000; Slocum, 2001).

Habitat fragmentation has serious consequences for 
local communities, especially animal movements, which 
may be inhibited by cleared areas such as pastures or recent 
clear-cuts (Davies et al., 2000). The mobility and ecological 
capacity of animals to cross deforested areas and to exploit 
new habitats is directly related to their tolerance to the 
fragmentation process (Newell, 1999). Flight allows bats 
to cover large distances in short periods of time, crossing 
different vegetation types and landscapes that could 
constitute physical barriers for other species of mammals 
(Arita and Fenton, 1997). In contrast to other groups such 
as primates and understory birds (Lemos de Sá et al., 1990; 
Silva  et  al., 1996), many bat species, and particularly 
generalist ones, can persist in fragmented landscapes in 
the tropical areas (Law et al., 1999; Aguirre et al., 2003). 
This apparent tolerance to fragmentation is explained by 
the ability of bats to cross habitat boundaries and to fly 
over open areas to reach resources that are patchy in space 
and time (Montiel et al., 2006).

Few studies have documented the role of frugivorous 
bats in the dispersal of large seeded species, which they 
cannot ingest (Lopez and Vaughan, 2004; Melo  et  al., 
2009). Such fruits are usually processed by bats in 
feeding roosts under which seeds are deposited after pulp 
consumption (Melo et al., 2009). In the tropical forests 
frugivorous bats often use leaves of understory species 
(e.g., palms, Carludovica, Asplundia, Heliconia, Calathea, 
Philodendron, and Rhodospatha; Chaverri and Kunz, 2006; 
Melo et al., 2009), as feeding roost. However, in forest 
areas converted into pastures, bats may use remnant trees 
as feeding roosts (Slocum and Horvitz, 2000). In cleared 
Cerrado (Neotropical savanna; Ribeiro and Walter, 1998), 
bats also use the canopy of remnant trees as feeding roosts 
(J. Ragusa-Netto, pers. obs.). Therefore, those trees might 
be functioning as ‘recruitment foci’ likewise other remnant 
trees within tropical pastures (Guevara et al., 1992; Guevara 
and Laborde, 1993; Nepstad  et  al., 1996; Slocum and 
Horvitz, 2000). By attracting frugivorous bats, potentially, 
these trees could contribute to the enhancement of seed 
arrival under their canopies and more rapid regrowth 
around them (Manning et al., 2006).

In this study we describe the seed rain deposited by 
bats under four Cerrado tree species common within 
pastures. Those species are similar both in size and canopy 
architecture, exhibiting dense foliage. However, while 
three of them (Buchenavia tomentosa Eichler, Couepia 
grandiflora (Mart. & Zucc.) Benth., and Licania humilis 
Cham. & Schltdl.), produce fleshy fruits exploited by 
bats, the other (Qualea grandiflora Mart.), has dry fruits 
with wind dispersed seeds (Lorenzi, 1998). Therefore, 
as frugivorous bats might often be checking these trees 
either for the onset of fruiting, or to exploit fruits, they, in 
principle, enhance their familiarity with these trees, and 
thereafter might use them also as feeding roost. Then, 
familiar trees might receive an increased seed rain under 
their canopies (Slocum and Horvitz, 2000). We focused 
on the arrival of large seeds (> 8 mm, Melo et al., 2009) 
from trees and shrubs, which have been common in the 
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initial phase of Cerrado regeneration (Pott et al., 2006). 
Also, we analyzed the similarity among the four tree 
species in terms of seed rain composition, and compared 
the number of both seeds and seed species deposited under 
them. Besides that, we assessed the relationship between 
seed rain intensity and the density of each tree species.

2. Material and Methods

2.1. Study site
The study took place at the Santa Helena, a ranch 

(6000 ha) in the municipality of Três Lagoas, (State of Mato 
Grosso do Sul, Brazil; 4 km northeast of the downtown 
(51° 41’ O, 20° 44’ S, 340 m elevation). The climate is 
seasonal and marked with wet (October to March) and 
prolonged dry (April to September) season. Annual rainfall 
is approximately 1400 mm (70% in the wet season), and 
mean annual temperature lies around 24.0 °C. The ranch was 
clear-cut in the early 1970s, high-graded for timber/coal, 
and then converted to pasture. A small private reserve 
(25 ha) was left, in which the original dense Cerrado 
vegetation is yet present, despite of perturbation (mainly in 
the understory) caused by cattle. During the study, stocking 
was around 0.5 head/ha. Invading secondary growth was 
not controlled either in the previous or the studied year. 
Consequently, much of the pasture was being taken over 
by trees, shrubs, forbs, and ferns. There were over forty 
species of trees and shrubs in the pasture, which constituted 
potential sources of seeds (J. Ragusa-Netto, pers. obs.). 
The most common included the early-successional shrubs 
Duguetia furfuracea (A. St.-Hill) Saff, Strichnos brasiliensis 
Mart., Waltheria indica L., Mimosa polycarpa Kunth., 
Mimosa hebecarpa Benth., Diospyros hispida DC., and 
Vernonia ferruginea Less. Trees left in the pasture as timber 
reserves or as shade trees included Caryocar brasiliense 
Cambess., Qualea parviflora Mart., Q. grandiflora, Licania 
humilis, Couepia grandiflora, Pouteria ramiflora (Mart.) 
Radlk., Buchenavia tomentosa, Annona coriacea Mart., 
Eschweirela nana Miers, and Copaifera langsdorffii Desf. 
(J. Ragusa-Netto, pers. obs.).

Selection of study tree species. Among the selected 
tree species, three of them bore fleshy fruits exploited by 
bats (Licania humilis, Couepia grandiflora, Buchenavia 
tomentosa), and exhibit dense foliage, while differ mainly 
both in size and leaf loss process (J. Ragusa-Netto, 
unpublished results). Qualea grandiflora also exhibit 
dense foliage and shed its leaves at the end of the dry 
season. However, bore dry fruits containing seeds that 
are wind-dispersed, while native bees pollinated their 
flowers (Lorenzi, 1998). Because bats have no feeding 
relationship with Q. grandiflora, we used it as a control. 
Dense canopies have many spreading, overlapping 
branches that may provide bats with good shelter. In this 
respect, leaf loss process might differ between species in 
the course of the dry season, so that bare canopies might 
become differently unsuitable as feeding roost for bats 
(Janzen et al., 1976). In the pasture we randomly selected 
10 mature trees (DBH [diameter at breast height] > 30 cm) 

of each species for data collection. We avoided smaller 
trees due to potential size differences in providing shelter to 
bats. We measured a series of traits from tree architecture 
(DBH, tree and trunk height, canopy area and volume, and 
foliage abundance), assuming circularity of canopy shape. 
Selected trees were at least 50 m apart from each other and 
all of them were within a pasture band (2000 × 300 m), 
with distances ranging from 400 to 700 m from the private 
reserve. Trees present in this band were at intermediate 
distance between the private reserve and one of the farm 
edges, where there was a paved road.

2.2. Seed rain sampling
Every month at the ground under the canopies of 

sampled trees we first carefully removed the leaf litter 
and collected all seeds > 8 mm in length. This cutoff 
criterion was based on the ability to identify collected 
seeds without germination treatments. Seeds, smaller than 
this threshold, were more likely to be rapidly buried and 
were often covered by fungus or were too deteriorated 
to be reliably assigned to species or morphospecies 
(Melo et  al., 2009). No buried seeds were collected to 
avoid including seeds from the parent tree or deposited 
by other seed vector which identity was difficult. Also, 
as we did not use seed traps, while looking for seeds 
the smallest ones might be overlooked. We were fairly 
confident that most seeds and fruits were found because 
they were large and the ground beneath the trees was 
largely bare of vegetation. The seed samples were placed 
on drying paper and stored in properly labeled plastic bags. 
Once back in the laboratory, the seeds were identified using 
a reference collection that was compared with specimens 
in the Herbarium of UFMS-Campus Três Lagoas. In the 
count of seeds we did not consider the fruits dispersed 
by wind, birds, and other vertebrates, or those fruits that 
fell directly from the tree. Because we were interested in 
the seed rain generated by effective seed dispersal, that 
is, the movement of seeds away from parent plants, and 
not in seeds that were simply dropped beneath a parent 
tree without being dispersed, for most of the analyses, 
unless otherwise noted, we did not consider seeds that 
had been collected under a conspecific tree (hereafter 
“undispersed seeds”; see Slocum and Horvitz, 2000, for 
a similar procedure). In the last case we identified those 
fruits by their simultaneous presence in the canopy and the 
absence of marks in the fruit pulp. However, we counted 
the seeds whenever bat teeth marks were present and the 
sampled tree produced no fruit. We easily distinguished 
bat dispersed diaspores because bat teeth marks clearly 
differ from those of rodents and parrots bill. All such 
marks were conspicuous on the partially eaten flesh of the 
dropped fruits (Hardesty and Parker, 2003; Clark et al., 
2004). We also distinguished seeds or fruits dispersed by 
other vectors by the presence of white uric acid which 
indicated bird defecation, whereas seeds completely clean 
of an aril or fruit pulp, and free of uric acid indicated 
bird regurgitation. Fox scats were rare although easily 
identifiable. Those intact seeds or fruits that have visible 
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teeth, claw or bill marks were assumed as dispersed by 
unknown vertebrate vector. Wind- or ballistically dispersed 
seeds were distinguished, if necessary, by comparison 
using the reference collection. We recorded seed rain all 
year, from the beginning of the dry season (April 2010) 
to the end of the rainy season (March 2011).

2.3. Leaf abundance
Due to the potential variation in feeding roost use 

by bats according to leaf abundance in the canopy 
(Janzen et al., 1976), monthly, from April 2010 to March 
2011 we monitored individual crowns for the presence of 
leaves. The abundance of leaves was ranked on a relative 
scale, ranging from total absence (0) to a plentiful canopy 
(4; Fournier, 1974). Thus, for each tree species, the sum 
of scores resulted in a monthly index of leaf abundance. 
Then, we correlated this parameter with seed abundance 
under the canopy.

2.4. Tree species density
In principle generalist frugivorous bats might use remnant 

trees as feeding roost according to their abundance (Chaverri 
and Kunz, 2006). Then, variation in tree species use and 
respective seed rain abundance might mirror remnant tree 
species abundance. To assess the relationship between tree 
species density and amount of seed rain, we sampled tree 
species density using the point center quadrant technique 
(Krebs, 1989). For that, we established 15 parallel transects 
(length = 500 m, and 150 m apart one from each other), in 
which we positioned 10 points (each 50 m apart from the 
other, total = 150 points). At each point we sampled the 
four closest trees with DBH ≥ 20 cm (potentially mature 
trees). We sampled tree density in May 2011, after to 
conclude seed collection.

2.5. Data analysis
To compare tree species density we used ANOVA 

(Analysis of Variance). We took as replicate transect based 
density of each tree species. This data were Box-Cox 
transformed to achieve normality and reduce heteroscedasticity 
(Shapiro-Wilk test, W = 0.956, P = 0.070). In seasonal 
vegetation there is a trend for tree species to be clumped 
in distribution (Hubbell, 1979). Therefore, the focused 
remnant tree species might also be aggregated causing 
high patchiness of seed rain according to tree species used 
as feeding roost by bats. Then, we used a standardized 
Morisita’s Index of Dispersion (Morisita, 1962) to evaluate 
the distribution patterns of the four tree species in the 
sampled area. This index ranges from –1.0 to +1.0, with 
95% confidence limits at +0.5 and –0.5. Random patterns 
give an IP = 0, clumped patterns an IP > 0, and uniform 
patterns an IP < 0 (Krebs, 1989). In this analyses we took 
the number of trees per species sampled at every point of 
each transect. Also, we performed Chi-square contingency 
analysis to test for differences in the number of trees per 
species present in each transect. In a contingency table 
rows (here transects) represent the different states of one 
nominal variable, columns (tree species) represent the 
states of another nominal variable, and cells contain the 

counts of occurrences of that specific state (row, column) 
of the two variables. The significance of association 
between the two variables (based on chi-squared) is then 
given, with p values from the chi-squared distribution. 
The contingency table analysis then gives information on 
whether the two variables are associated. In this analyses 
we took the accumulated number of trees per species 
sampled at each transect. Due to differences in the canopy 
projection area of sampled trees, both the number of seeds 
and seed species were compared by ANCOVA (Analysis of 
Covariance), in which we took as replicate the respective 
totals obtained all year-round under every tree. ANCOVA 
can be compared with ANOVA, but has the added feature 
that for each group, variance that can be explained by a 
specified covariate is removed. Both canopy projection 
area and seed number were also Box-Cox transformed 
to achieve normality and to reduce heteroscedasticity 
(Shapiro‑Wilk test, W = 0.972, p = 0.421, W = 0.968, 
p  =  0.316, respectively). To analyze the relationship 
between leaves abundance in trees and the number of 
seeds deposited under them we used the non-parametric 
Spearman Rank Correlation. We performed Principal 
Component Analysis (PCA) with tree variables (tree and 
trunk height, DBH, canopy volume, and foliage abundance), 
of the four species to explore the segregation among 
species and to identify variables most strongly correlated 
to groups. We used an analysis of similarity (ANOSIM) 
to test for differences in the seed rain composition among 
tree species sampled as bat feeding roosts. The ANOSIM 
procedure uses Monte Carlo randomization of observed 
data to assess whether rank similarities within groups 
(10  trees from every species) are greater than between 
groups (every tree species). The Bray-Curtis index (one of 
the most robust measures for this purpose Faith  et  al., 
1987) was used to express similarities and 10000 Monte 
Carlo permutations were conducted to generate a random 
test statistic. If the ANOSIM was significant, to analyze 
the compositional differences among seed rains under the 
40 studied trees, we used the non-metric multidimensional 
scaling (NMDS) ordination technique. As a similarity 
measure, the Bray‑Curtis coefficient was also used. Then, 
we conducted a Correspondence Analysis (CA) to explore 
the variation on the spatial association between seed rain 
composition and tree species used as feeding roosts.

3. Results

In the pasture we recorded a total of 32 tree species of 
17 families. The most common trees belonged to Annonaceae, 
Caryocaraceae, Chrysobalanaceae, Combretaceae, 
Leguminosae and Vochysiaceae. The four species sampled 
as feeding roosts (Buchenavia tomentosa: Combretaceae 
3.10 ± 0.96 trees/ha, Couepia grandiflora: Chrysobalanaceae 
6.53 ± 2.64, Licania humilis: Chrysobalanaceae 6.07 ± 1.84, 
and Qualea grandiflora: Vochysiaceae 4.12 ± 0.77), 
exhibited no density difference (F = 0.688, p = 0.564). 
Moreover, trees from the focused species were scattered 
across the sampled area, as they exhibited a trend either for 
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random (Licania humilis, Ip = 0.12; Couepia grandiflora, 
Ip = 0.09), or uniform distribution (Buchenavia tomentosa, 
Ip = –0.33; Qualea grandiflora, Ip = –0.79). Also, no 
significant association emerged between tree species and 
transects (Chi-square contingency analysis, χ2 = 53.80, 
df = 42, p = 0.110).

We recorded seed rain under canopies of all sampled 
species and trees. Thus, we found a total of 6162 seeds 
from 32 species. After excluding seeds originating from 
fruiting trees and those dispersed by birds and abiotic means 
we included in the analyses a total of 4892 seeds from 
11 species. These animal-dispersed seed species comprised 
trees, and scrubs associated in different successional 
stages within the pasture. All these seeds showed signs of 
manipulation, such as bat tooth marks and total or partial 
removal of pulp/arils from seeds. Six of 11 seed species 
had a total of 60 or more seeds and comprised 95.8% of all 
seeds recorded under all canopies. Strychnos brasiliensis 
accounted for 48.6% of all seeds collected (n = 2377) under 
canopies, followed by Duguetia furfuracea with 39.9% 
(n = 1951) of all seeds. Only these more abundant seed 
species occurred under all canopies. Remaining seed species 
(11.5%; n = 564) occurred at moderate or low abundances 
(e.g., 177 Andira cuyabensis Benth., and 6 Buchenavia 
tomentosa seeds). During the year seed deposition varied 
substantially with a maximum of 1026 seeds deposited in 
July, when leaf loss was intense, and a minimum of 83 in 
October, when flushing progressed. Therefore, we found 
no consistent pattern between both seed and leaf abundance 
(Spearman correlation, rs = –0.46, p = 0.130). In fact, seed 
and leaf abundance were inversely correlated in L. humilis 
(rs = –0.790, p = 0.003), and C. grandiflora (rs = –0.794, 

p = 0.004), although unrelated in B. tomentosa (rs = 0.120, 
p = 0.707), and positively correlated in Q. grandiflora 
(rs = 0.593, p = 0.048).

Under Couepia grandiflora, we recorded a total of 1374 
seeds from 11 species (monthly, from 24 to 276, and from 
4 to 8, respectively; mean ± sd, 137.4 ± 85.1, and 6.5 ± 1.4, 
respectively), under Buchenavia tomentosa 1563 seeds from 
10 species (from 58 to 456, and from 4 to 8, respectively, 
156.3 ± 123.7, and 5.6 ± 1.3), under Qualea grandiflora 
1321 seeds from 10 species (from 38 to 307, and from 
3 to 10, respectively 132.1 ± 97.0, and 5.5 ± 2.3), and under 
Licania humilis 634 seeds from 8 species (from 14 to 120, 
and from 3 to 6, respectively 63.4 ± 37.0, and 4.6 ± 0.8). 
In this respect, both seed abundance and number of species 
differed significantly, so that Licania humilis had the 
smallest adjusted means of both parameters (ANCOVA, 
F = 4.77, p = 0.007, and F = 3.10, p = 0.040).

Principal component analysis extracted two factors, 
which together accounted for 98.2% of variation in the 
four tree readings. PC 1 (eigenvalue = 2.2) was strongly 
positively correlated with canopy volume (r = 0.91), tree 
height (r = 0.89), and trunk height (r = 0.71). Trees from 
every species were ordinate along this axis, although no 
coherent group may be distinguished (Figure 1). PC 2 
(eigenvalue = 1.71) was positively correlated with leaf 
density (r = 0.94), and trunk height (r = 0.68). This axis 
positioned C. grandiflora trees as a coherent group, 
while trees from the other species exhibited no consistent 
dissimilarity (Figure 1).

Differences in seed rain composition were greater 
among than within tree species (ANOSIM, r = 0.30, 
p = 0.0001). This result reflected the coherence of trees 

Figure 1. Principal Component Analysis (PCA) ordination plot on tree species traits (architecture). Buchenavia tomentosa 
trees: diamonds, Couepia grandiflora: circles, Licania humilis: squares, and Qualea grandiflora: triangles.
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dispersion in the ordination plot according to seed rain 
composition under each tree species, so that Buchenavia 
tomentosa together with Qualea grandiflora were distinctly 
separated from Couepia grandiflora and Licania humilis 
at opposite ends of the ordination diagram (NMDS 
ordination: stress = 0.064; Figure 2). In principle, each 
double of tree species shared more similar complements of 
their seed rain than with the other double. In fact, at least 
two seed sub-communities could thus be distinguished 
according to tree species used by bats as feeding roost. 
One related to Couepia grandiflora and Licania humilis, 
and the other to Buchenavia tomentosa and Qualea 
grandiflora. This may be shown by a correspondence 

analysis explaining 97.3% of the cumulative percentage 
of total variation attributed to the matrix tree species vs 
seeds deposited. Licania humilis, Strychnos brasiliensis, 
Buchenavia tomentosa, and Couepia grandiflora seeds 
were deposited mainly under Buchenavia tomentosa and 
Qualea grandiflora trees. In contrast, Duguetia furfuracea, 
Andira cuyabensis, Caryocar brasiliensis, Simarouba 
versicolor St. Hill., Anonna nuttans R. E. Fr., Pouteria 
torta (Mart.) Radlk, and Eschweilera nana Miers seeds 
occurred mainly under Couepia grandiflora and Licania 
humilis trees (Figure 3). Finally, because PC 2 and NMDS 1 
separated coherent groups (tree species according to tree 
parameters Figure 1, and seed species composition under 

Figure 2. Non-metric multi-dimensional scaling (NMDS; stress = 0.064) ordination plot of seed communities recorded 
under cerrado remnant trees in a pasture in Central Brazil. Seeds under Buchenavia tomentosa trees: diamonds, Couepia 
grandiflora: circles, Licania humilis: squares, and Qualea grandiflora: triangles.

Figure 3. Correspondence analysis (CA) ordination plot in which full circles denote seed species overlapping tree species 
used by bats as feeding roosts. (Buchenavia tomentosa trees: diamonds, Couepia grandiflora: circles, Licania humilis: 
squares, and Qualea grandiflora: triangles. Species are represented by the first three letters of their genera names).
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tree species Figure 2, respectively), we correlated these 
axis to assess the relationship between the similarity in 
seed composition and tree architecture. A negative and 
significant correlation emerged (rs = –0.40, p = 0.015), 
in which seed composition similarity decrease according 
to leaf abundance and trunk height (see above).

4. Discussion

The four studied tree species had moderate resistant 
wood (Lorenzi, 1998). Therefore, cattle shading may be the 
major cause for their maintenance in the pasture. Farmers 
manage pastures retaining a substantial number of trees 
from original vegetation to promote suitable conditions for 
cattle. Presumably, the adequacy of the dense canopy of 
the four species favored their maintenance in the pasture 
which consequence was their similar density and the absence 
of clumped dispersion patterns. In principle, frugivorous 
bats might use tree species as feeding roosts according to 
their relative abundance. However, only according to tree 
species densities the intensity of seed rain under the four 
species might be balanced. The differences in seed rain 
suggest major importance of other parameters (see below). 
Importantly, scattered trees are used by a wide range of 
animals because the micro-ecosystem surrounding an 
individual tree greatly enhances structural complexity 
relative to its surrounds. Particularly, frugivorous bats 
make extensive use of scattered trees in many tropical 
landscapes (Galindo-González et al., 2000). The intense 
seed rain recorded under the studied trees indicates their 
importance, at least, as feeding roosts.

The seed assemblages deposited by bats under remnant 
trees were highly variable and diverse. Despite of the 
heterogeneity either within or between tree species, all of 
them received seeds throughout the year. Moreover, seed rain 
was dominated by a small number of species, which were 
represented by large number of seeds. In spite of that, areas 
under Licania humilis trees received smaller numbers of 
seeds and seed species than the other trees. Licania humilis 
trees clumped at extreme left of PC 1, highly correlated 
with tree and trunk height, besides canopy volume. These 
parameters indicate them as the smallest trees, perhaps less 
attractive to bats. It is possible that Licania humilis provided 
reduced shelter for feeding bats. However, it is important 
to emphasize the crude assess on canopy closure. Despite 
of sampling tree parameters with potential importance for 
bats, presumably, unrecorded traits may be crucial for bats 
as they deposited substantial amounts of seeds when trees 
had bare canopies. Thus, it appears that other factors than, 
for example, leaf abundance might be important for seed 
arrival. In fact, for some species, the amount of seed rain 
was inversely related to leaf density, an unexpected result 
due to the generalized use of leafy canopies as feeding 
roost (Janzen et al., 1976). Perhaps, bats often use those 
tree species for roosting (J. Ragusa‑Netto, pers. obs.), 
and also for feeding purposes (Evelyn and Stiles, 2003). 
Even then, under leafy canopies seed rain was more diverse, 
in principle, due to the coincidence with the availability 

of high fruiting diversity, and the attraction of a wide 
spectrum of bat species. Importantly, the production of 
fleshy fruits by a species was not a central factor associated 
to seed arrival, as seeds frequently arrived under Qualea 
grandiflora trees.

The variability of seed rain composition under any 
particular tree and the range of actual seed fall into a 
particular species indicate patchiness in seed rain. This might 
be consequence of seed shadows from fruit patches over 
a range of distances, and seed input from long distance 
dispersal. Despite of the heterogeneity in seed rain input, 
trees from a given species exhibited substantial similarity 
in seed rain composition, indicating nonrandom patterns 
of seed rain. In fact, major differences emerged between 
two pairs of tree species (Licania humilis, and Couepia 
grandiflora against Buchenavia tomentosa, and Qualea 
grandiflora). As general pattern, the two most abundant 
seed species were differently associated with those pairs. 
While Duguetia furfuracea predominated under the first, 
Strychnos brasiliense was common under the second pair. 
Moreover, some large seed species were deposited almost 
exclusively under trees of one pair (e.g. Pouteria torta 
seeds under the first, and Couepia grandiflora under the 
second pair). As mentioned above, seed species abundance 
under a particular tree species might mostly be related to 
the distance of seed source, or dispersal vectors, which 
select roosts according to particular traits (Evelyn and 
Stiles, 2003). Either small or large frugivorous bats may 
have similar dietary habits, although substantial differences 
are common (Giannini and Kalko, 2004; Silva et al., 2008). 
Hence, it is not surprising that many seed species were 
deposited under all tree species and individuals. Thus, it is 
important to consider as much as possible the influence of 
both seed vectors and microsites on seed rain heterogeneity. 
Moreover, the differences in seed rain under the four tree 
species suggest the importance of tree diversity, besides 
tree density, for a rich and abundant seed rain in pastures. 
Presumably, the different taxa of trees will attract more 
kinds of bats and other dispersers, which might enhance 
seed arrival to remnant trees (Nepstad et al., 1991; Begnini 
and Castellani, 2013; Blackham et al., 2013). These factors 
might have consequences on the dynamics of Cerrado 
regeneration favoring heterogeneity of future Cerrado 
tree community. This patchiness distribution has been 
assumed important in stressful habitats for improving 
tropical diversity (Jordano and Schupp, 2000).

The location of a restoration site within the landscape 
often plays a critical role in determining seed rain dynamics. 
Some studies in the tropics have demonstrated the 
importance of remnant forest proximity for dispersal and 
establishment of zoochorous plants (Zanne and Chapman, 
2001; Ferguson et al., 2003). However, in other cases the 
relationship between seed dispersal success and distances 
from forests exhibited no consistent trends (Guevara et al., 
1986; Slocum and Horvitz, 2000; Slocum, 2001; Zahawi 
and Augspurger, 2006; Cole et al., 2010). Although we 
did not sample the role of potential seed sources to the 
observed seed rain, the contribution of local sources 



Braz. J. Biol., 2015,  vol. 75, no. 4, suppl. 1, pp. S25-S3432

Ragusa-Netto, J. and Santos, A.A.

32

might be important as observed elsewhere (Cole et al., 
2010; Blackham et al., 2013). In fact, we found that the 
majority of diaspores arriving to the focused trees were 
from only two early-successional shrub species (88.5%, 
Strychnos brasiliensis, and Duguetia furfuracea; Pott et al., 
2006). Both were not restricted to the private reserve, and 
were very common within the pasture (J. Ragusa-Netto, 
pers. obs.). In spite of the substantial presence of other 
large-seeded species, our results support the findings of 
previous studies in tropical ecosystems showing that 
early‑successional species tend to be common in the 
seed rain in human-altered tropical lands (Holl, 1999; 
Martínez-Garza and Howe, 2003; Blackham et al., 2013). 
It is important to emphasize that the largest seeds present 
in our sample belong to tree species which were present 
either in the pasture or private reserve, potentially, the 
major seed sources (J. Ragusa-Netto, pers. obs.).

Dispersal of large seeds by bats is assumed as highly 
important in areas from where large frugivores have 
been depleted or extirpated due to hunting or habitat loss 
(Wright et al., 2007). Other seed dispersers seldom move 
large seeds far into deforested areas, whereas bat-dispersed 
plants can have high seed inputs (Hooper et al., 2002). Seed 
deposition by bats under remnant trees in pastures may 
promote seedling establishment of large-seeded species, 
which are not dispersed by flying bats (Melo et al., 2009), 
well known by dispersing small seeds (Lopez and Vaughan, 
2004). Much of these diaspores have comparatively low 
establishment success in pastures, while large seeds can 
have relatively high germination and establishment rates 
(Nepstad et al., 1996; Hooper et al., 2002; but see Lopez 
and Vaughan, 2004). In this respect, isolated trees may 
act as nuclei for forest recovery and can be a valuable 
and inexpensive tool for the reforestation of Neotropical 
habitats (Galindo-González et al., 2000). The concept of 
“nucleation” is used to describe the spreading of recovery 
from many different foci following a disturbance, wherein 
scattered trees play an important role (Franklin and 
MacMahon, 2000). In pastures, scattered trees can act as 
“regeneration nuclei” (Guevara et al., 1986), from which 
plant succession may radiate outwards into other parts of 
a given landscape (Toh et al., 1999).

The data presented here is based only on one large pasture 
and a small number of remnant tree species. However, both 
the abundance and number of large seed species recorded 
in the seed rain were high. Hence, the overall results appear 
to be consistent in terms of a substantial and diverse seed 
rain generated by bats in a highly anthropized landscape. 
This is the first study focusing on seed rain generated by 
bats in the domains of Brazilian Cerrado, one of the most 
endangered biomes in the world. Knowledge concerning 
regeneration sources in disturbed areas can provide useful 
information for the management and conservation of this 
savanna-like vegetation. Increasing the density of trees 
within pastures might, at least, improve the role of this 
modified habitat as ecological corridors. Despite of reduced 
genetic variability, scattered trees represent potential sources 
for large-scale natural regeneration, which is cheaper and 

ecologically preferable form of restoration than tree planting 
(Spooner et al., 2002). Thus, by preserving a dense and 
diverse collection of remnant trees within today’s pastures 
may contribute to a faster Cerrado recovery in extensive 
areas that can be reclaimed for restoration in the future.
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