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Abstract

The goal of this study was to identify which bird species consume Solanum granuloso-leprosum fruits and disperse its
seeds. 60 hours of focal observations were carried out between April and May 2006 on the edge of a deciduous forest
fragment in the Uruguay River region, Rio Grande do Sul state, Brazil. Ten species were observed in total removing
443 fruits. Saltator similis removed 61.8% of the fruits, followed by Tangara sayaca (17.1%), Pipraeidea bonariensis
(11.7%), and T. preciosa (6.8%), while the remaining six species accounted for only 2.5% of the fruits removed. Most
fruit removal occurred early in the day or mid-afternoon. The most common feeding behaviors were picking (60.7%),
followed by stalling (23%) and hovering (16%). Birds flew more than 10 m from the fruit plant in 62% of the removal
events. All bird species observed here may be considered potential dispersers of S. granuloso-leprosum, as they moved
the seeds away from the mother plant where strong competition and predation are likely to occur. Results also suggest
that S. granuloso-leprosum may be useful in ecological restoration programs.
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Frugivoria e dispersao de sementes em Solanum granuloso-leprosum
Dunal (Solanaceae) por aves em Floresta Estacional Decidual

Resumo

O objetivo deste estudo foi identificar quais as espécies de aves consomem frutos de Solanum granuloso-leposum e
dispersam suas sementes. Para tanto, 60 horas de observagdes focais foram realizadas entre abril e maio de 2006 na
borda de um fragmento de floresta decidua na regido do rio Uruguai, Rio Grande do Sul, Brasil. Dez espécies foram
observadas removendo 443 frutos. Saltator similis removeu 61,8% dos frutos, seguido de Tangara sayaca (17,1%),
Pipraeidea bonariensis (11,7%), e T. preciosa (6,8%), enquanto as restantes seis espécies representaram apenas 2,5% dos
frutos removidos. A maioria das remogdes dos frutos ocorreram no inicio do dia ou meio da tarde. Os comportamentos
alimentares mais comuns foram picking (60,7%), seguido por stalling (23%) e hovering (16%). As aves voaram mais
de 10 m da planta de onde removeram frutos em 62% dos eventos de remogao. Todas as espécies de aves observadas
aqui podem ser consideradas potenciais dispersores de S. granuloso-leprosum, moveram sementes para longe da
planta-mae, onde a concorréncia e a predacdo sdo mais susceptiveis de ocorrer. Os resultados também sugerem que
S. granuloso-leprosum pode ser til em programas de restaurago ecoldgica.

Palavras-chave: planta mae, ornitocoria, planta pioneira, fragmento de floresta secundaria.

1. Introduction

Seed dispersal by vertebrates is fundamental for the
reproductive success of many tropical plant species,
particularly in the Neotropical region where vertebrates
vector up to 90% of plants (Howe and Smallwood,
1982; Fleming et al., 1987). This process represents the
connection between the last plant reproductive stage
and the first stage of population recruitment. Studies of
plant-frugivore interactions are needed in order to better
understand the dynamics of colonization by pioneer
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plants and other species; of particular importance are
studies evaluating frugivore behavior and location of seed
deposit (Janzen, 1970; Connell, 1971; Herrera et al., 1994;
Vasconcellos-Neto et al., 2009).

Studies of bird frugivory in areas with suppressed
vegetation are valuable because they generate subsidies
for future management plans for urban environments,
and for recovery of degraded areas (Guimaréaes, 2003).
Frugivores are play an important role in the recuperation
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of degraded environments because they carry seeds that,
when dispersed to suitable locations, can initiate succession
processes; for this reason studies of bird frugivores may be
applicable to forest management plans (Wunderle Junior,
1997; Galetti et al., 2004). To understand the influence
of frugivores in seedling establishment and vegetation
succession, it is necessary to understand how they act
in seed dispersal. Seeds are carried to suitable places for
germination and establishment (i.e., far from the mother
plant and seed predators), or seed germination is increased
(Janzen, 1970; Connell, 1971; Traveset, 1998). Studies with
plant species in early secondary succession may elucidate
seed dispersal strategy, and may help to identify plant
species for inclusion in ecological restoration programs
(Allenspach and Dias, 2012; Allenspach et al., 2012;
Gongalves et al., 2015).

Solanum granuloso-leprosum Dunal (Solanaceae)
occurs in mixed and dense ombrophilous forests as well
as deciduous and semi-deciduous seasonal forests. It is a
pioneer small tree thriving on the edges of both natural
and disturbed habitats (Caceres and Moura, 2003; Mentz
and Oliveira, 2004). Infructescences contain on average
12.0+ 7.1 fruits (n=100), with a diameter of 14.7 + 11.3 mm
(n = 100). Each fruit contains 140.0 = 31.5 (n = 100)
small seeds (2 mm length x 1.7 mm wide). Unripe fruits
are green, acquiring a green-yellowish color when ripe.
Maturation is asynchronous, and the fruits produce a faint
odor when ripe (Jacomassa and Pizo, 2010). The fruits
have zoochoric dispersal syndrome (Van der Pijl, 1972),
and the vertebrates typically responsible for removing
fruits are common to disturbed environments, including
the frugivores that disperse Solanaceae seeds in these
areas (e.g. birds, bats, rodents, opossums, and crab-eating
foxes) (Marcondes-Machado and Argel-de-Oliveira, 1988;
Miiller and Reis, 1992; Reis et al., 1993; Rocha et al.,
2008; Galetti and Morellato, 1994; Poulin et al., 1994;
Sazima et al., 1994; Caceres, 2002; Caceres and Moura,
2003; Jacomassa and Pizo, 2010).

The goal of this study was to determine which avian
species use S. granuloso-leprosum fruits as a food source,
as well as to determine the timing of and behaviors
associated with fruit removal, the distance that the fruits
were carried for feeding (seed dispersal), and to evaluate
agonistic behaviours.

2. Material and Methods

This study was conducted in the municipality of
Frederico Westphalen, located in the Upper Uruguay River
region, northwestern Rio Grande do Sul state, southern
Brazil. The focal area was the edge of a 47 ha fragment
(27°12°29”’S and 53°24°33”W) of secondary deciduous
seasonal forest (Atlantic forest sensulato), located at the
Universidade Regional Integrada do Alto Uruguai e das
Missdes. [ observed a group of seven S. granuloso-leprosum
plants located at distances of ~2 m from each other,and
within an area of ~300 m’.
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Tused the animal focal method sampling, which included
positioning near plants with ripe fruits (about of 5-10 m),
and recording the species feeding on fruits, as well as all
feeding behaviors (Altmann, 1974). Birds observed eating
fruit were continuously watched and behaviors recorded
until the animal was no longer visible. Observations were
performed during the season with the highest number of
ripe fruits (autumn). In order to assess peak availability of
ripe fruit, the phenophases of 33 S. granuloso-leprosum
plants were monitored every 2 weeks between August
2005 and August 2006.

Atotal of 60 h of focal observations were carried out
between April and May 2006, for five non-consecutive days.
The observations started every day at dawn (6h 30min),
and ended at dusk (12 h of observation, considering the
photoperiod according to List, 1949), and were divided
into 1 h intervals between sunrise and sunset. Birds were
identified visually, using 10 x 25 mm binoculars when
necessary. Birds were classified into trophic categories
using Machado and Lamas (1996), Sick (2001) and
Manhaes et al. (2003), while taxonomic classifications
followed the List of Brazilian Birds (CBRO, 2014).
The fruit collecting behaviours by frugivorous birds were
classified according to Moermond and Denslow (1985),
and included: picking (taking fruits close to their perch
without extending their bodies or assuming any specific
positions), reaching (bird extends its body out or down
from the perch), hanging (the bird’s entire body and legs
are under the perch with the ventral side up), hovering
(bird pauses in front of the fruit while flapping its wings
to take it), and stalling (bird in flight pauses briefly in
front of the fruit to take it). The distance between the bird
and mother plant and the location of fruit consumption
were visually estimated, and measurements were made
after observations to improve estimates. Any agonistic
behaviors were also recorded.

I used a nonparametric Kruskal-Wallis test reporting
chi-square values to compare the removal of fruits in
different time intervals (95% confidence). This test was
done in Past program (Hammer et al., 2001).

3. Results

Three families and ten species of birds were observed
removing 443 S. granuloso-leprosum fruits (all fruits were
effectively removed). Saltator similis removed 61.85% of
the fruits, followed by Tangara sayaca (17.16%), Pipraeidea
bonariensis (11.7%), and Tangara preciosa (6.77%).
These four species all belong to the Thraupidae family,
and together accounted for 97.48% of ripe fruit removals
(Table 1). The remaining six species only accounted for
2.52% of fruit removal (Table 1). Twenty-three hours of
observation was sufficient to sample all species of birds
that consumed S. granuloso-leprosum in this area over the
entire study period (i.e., after 23 hours of observation no
new species were recorded) (Figure 1).

The main behaviors used to take fruits were picking
(60.7%, used by eight species), stalling (23%, used by
seven species) and hovering (16%, used by four species).
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Table 1. Bird families and species recorded eating the fruits of Solanum granuloso-leprosum.

N FB DBMP

Taxa removal o pi re ha ho st 0 >10m FDCM H re
Tyrannidae
Elaenia flavogaster 1 023 1 - - - - - 1 - gt 0
(Thunberg, 1822)
Pitangus sulphuratus 4 0.9 2 - - - 2 - 4 - 6h o
(Linnaeus, 1766)
Turdidae
Turdus rufiventris 2 046 - - - - 2 - 2 - gt 0
Vieillot, 1818
Turdus amaurochalinus 1 023 - - - - 1 - 1 - 5t o
Cabanis, 1851
Thraupidae
Saltator similis d’Orbigny 274  61.85 149 - 1 57 67 65 138 71 Iand o
& Lafresnaye, 1837 9t
Tangara sayaca 76 17.16 51 - - 9 16 5 61 10 gt 0
(Linnaeus, 1766)
Tangara preciosa 30 6.77 22 - - 3 5 2 28 - 8hand f
(Cabanis, 1850) gth
Pipraeidea melanonota 2 046 2 - - - - - 2 - 9h"and o
(Vieillot, 1819) 11t
Pipraeidea bonariensis 52 11.7 41 - - 2 9 14 38 - 8hand f
(Gmelin, 1824) 9t
Hemithraupis guira 1 023 1 - - - - - 1 - 10® f
(Linnaeus, 1766)
Total 443 100 269 O 171 102 86 276 81

Number (N) of removed fruits, relative frequency (%), feeding behavior (FB), distance of the bird in relation to the mother plant
after capturing the fruit (DBMP), fruits dropped under the crown of the mother plant (FDCM), interval (s) of time in which the
species removed most of the fruits it ate (H) and trophic category (TC). pi = picking, re = reaching, ha = hanging, ho = hovering,
and st = staling; 0 = on the plant, >10m = 10m far from the mother plant, f = frugivorous, o = omnivorous.

In some cases fruit was eaten piecemeal, and mandibulated
to such an extent that it was partially flattened or crushed
(mashing, Moermond, 1983), observed in S. similis (n=52),
T sayaca (n=13), T. preciosa (n=2), and P. bonariensis
(n = 14). Only P. sulphuratus swallowed fruits whole
(n = 2). In 62% of the cases, the birds flew more than
10 m from the mother plant after removal of fruits, while
the remaining either ate at the mother plant or dropped
the fruits under the crown (Table 1). Fruits were eaten
throughout the day, though most removals occurred within
the 9th time interval (18%), followed by the 1st (14%) and
8th (14%), indicating two peaks of feeding activity, one
at dawn and another at mid-afternoon (,> =23.2; df = 11;
p <0.05) (Figure 2).

Saltator similis was the only aggressive species, and
appeared to defend its food source. There was a single
intraspecific interaction involving S. similis, as well as
interspecific interactions where S. similis attacked Tangara
sayaca (n = 8), T. preciosa (n = 5), and Pipracidea
bonariensis (n = 6), effectively repelling them from the
tree. These behaviors occurred during the first interval
of the day, which may explain why the species targeted
for aggression had greater feeding peaks mid-afternoon
(Figure 3).
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Figure 1. Curve of cumulative number of bird species
observed consuming fruit of Solanum granuloso-leprosum
compared to the observation time.

Fruit removal

Ist 2nd 3th 4th S5th 6th 7th 8th 9th 10th 1lth 12th
Interval of time

Figure 2. Removals per interval of time. The observations
started at dawn (0630) and ended at dusk (1830). The numbers
on the bars represent the numbers of fruit removals.
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Figure 3. Percentual of removals per interval of time in S. similis (A); Tangara sayaca (B); P. bonariensis (C); and T. preciosa
(D). The observations started at dawn (0630) and ended at dusk (1830).

4. Discussion

The species reported in this study account for 18% of
frugivorous birds species recorded in Frederico Westphalen
(Teixeira etal., 2009), suggesting that S. granuloso-leprosum
is consumed by a large number of bird species despite
having a chiropterochoric dispersal system (Van der
Pijl, 1972). Fruits from this plant are also consumed by
40% of frugivorous bat species in Frederico Westphalen
(Bernardi et al., 2009), indicating a mixed seed dispersal
system. Ripe fruits are yellowish in color and produce a
faint odor that attracts bats, while unripe fruits are green
to attract birds; these taxonomic groups are both important
for seed dispersal in this plant (Jacomassa and Pizo, 2010).

Thraupidae are among the most frequent seed
dispersers of ornithochoric plants in Brazil (Galetti and
Pizo, 1996; Gondim, 2001; Sick, 2001; Francisco et al.,
2007; Figueiredo et al., 2008). Although Thraupidae did
not efficiently disperse large seeds (Levey, 1987) and
sometimes dropped the fruits under the mother plant (Sick,
2001), the small seeds of S. granuloso-leprosum were more
easily consumed. Additionally, many birds in this family
flew more than 10 m from the mother plant after removal
of fruits, which suggests dispersal of the seeds. It is also
known that seed germination of S. granuloso-leprosum
is improved by passage through the bird gut (especially
Thraupidae) (see Jacomassa and Pizo, 2010).

Feeding behavior could be a limiting factor for the
consumption of particular fruits by birds (Moermond and
Denslow, 1985), and how fruits are collected may be related
to accessibility and location on the tree (Van der Pijl, 1972;
Céceres and Moura, 2003). The exposed outside crown of
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S. granuloso-leprosum facilitates fruit collection during
flight by picking, stalling and hovering (which together
accounted for 99.7% of feeding behaviors).

Some birds ate fruits piecemeal, or mandibulated the
fruits, crushing them and squeezing out and swallowing
much of the pulp and juice. Moermond (1983) suggested
that the suction-drinking capability of tanagers developed
for efficient swallowing of juice crushed out of watery
fruits. Seeds are frequently separated from the pulp and
dropped during the mashing process. According Moermond
and Denslow (1985), this reduces the bulk of indigestible
material to be processed, resulting in limited seed dispersal,
especially for moderately large seeds. The authors also
suggest that the ability of birds to eat fruits piecemeal
increases the size range of exploitable fruits beyond those
that are swallowed whole.

Activity period was an important factor for understanding
species behavior (Weller and Bennett, 2001). I found
some patterns and factors affecting activity period in the
studied taxa, some of which maybe considered adaptations
to environmental influences (Beltran and Delibes,
1994). For example, Tangara sayaca, T. preciosa and
P. bonariensis removed more fruits during similar time
intervals (mid-afternoon), which may have been due to
the increased morning activity of Saltator similis, the
more dominant and aggressive species. This overlap in
resource use results in intra and interspecific competition
and division of resources, which may affect the realized
niches of coexisting species (Forsman et al., 2014).

Some birds rested on the mother plant for long periods
of time after the fruit was removed (S. similis in one case
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spent more than 5 min, and P. honariensis in one case
spent more than 3 min resting). These birds defecated in
the immediate area (intact seeds were found in the feces on
site), dropped the fruits, or dropped the seeds while eating
under the mother plant, all of which reduce the chances of
successful seed dispersal (Janzen, 1970; Connell, 1971).

All of the birds species recorded could be considered
potential dispersers of S. granuloso-leprosum because the
seeds were in many cases taken from the immediate arca
of the mother plant, where competition and predation are
expected to occur (Janzen, 1970; Connell, 1971). The bird
species that consumed fruits and dispersed the seeds were
all generalists, common to disturbed environments (Caceres
and Moura, 2003; Sick, 2001). The mixed (or generalist)
system of seed dispersal of this pioneer plant is vital for
the recuperation of degraded environments, because the
vertebrates responsible for fruit removal and seed dispersal
in this case (i.e., birds and bats) are common indisturbed
urban environments. Results also suggest that S. granuloso-
leprosum may be useful in ecological restoration programs.

Acknowledgements

I thanks to Marco A. Pizo, Jennifer A. Breaux and the
anonymous reviewers for their valuable comments and
suggestions to improve the manuscript.

References

ALLENSPACH, N. and DIAS, M.M., 2012. Frugivory by birds
on Miconia albicans (MELASTOMATACEAE), in a fragment
of cerrado in Sdo Carlos, southeastern Brazil. Brazilian Journal
of Biology = Revista Brasileira de Biologia, vol. 72, no. 2, pp.
407-413. http://dx.doi.org/10.1590/S1519-69842012000200024.
PMid:22735151.

ALLENSPACH, N., TELLES, M. and DIAS, M.M., 2012.
Phenology and frugivory by birds on Miconia ligustroides
(MELASTOMATACEAE) in a fragment of cerrado, southeastern
Brazil. Brazilian Journal of Biology = Revista Brasileira de
Biologia, vol. 72, no. 4, pp. 859-864. http://dx.doi.org/10.1590/
S1519-69842012000500012. PMid:23295515.

ALTMANN, J., 1974. Observational study of behaviour: sampling
methods. Behaviour, vol. 49, no. 3, pp. 227-267. http://dx.doi.
org/10.1163/156853974X00534. PMid:4597405.

BELTRAN, J. and DELIBES, M., 1994. Environmental
determinants of circadian activity of free-ranging Iberian lynxes.
Journal of Mammalogy, vol. 75, no. 2, pp. 382-393. http://dx.doi.
org/10.2307/1382557.

BERNARDI, I.LP.B., MIRANDA, J.M.D., SPONCHIADO, J.,
GROTTO, E., JACOMASSA, F.F.,, TEIXEIRA, E.M., ROANI,
S.H. and PASSOS, F.C., 2009. Morcegos de Frederico Westphalen,
Rio Grande do Sul, Brasil (Mammalia: Chiroptera): riqueza e
utilizagdo de abrigos. Biota Neotropica, vol. 9, no. 3, pp. 1-7.
http://dx.doi.org/10.1590/S1676-06032009000300029.

CACERES, N.C. and MOURA, M.O., 2003. Fruit removal of a
wild tomato, Solanum granuloso-leprosum Dunal (Solanaceae), by
birds, bats and non-flying mammals in urban Brazilian environment.
Revista Brasileira de Zoologia = Zoologia, vol. 20, no. 3, pp.
519-522. http://dx.doi.org/10.1590/S0101-81752003000300025

822

CACERES, N.C., 2002. Food habitats and seed dispersal by the
white-eared opossum, Didelphis albiventris, in southern Brazil.
Studies on Neotropical Fauna and Environment, vol. 37, no. 2,
pp. 97-104. http://dx.doi.org/10.1076/snfe.37.2.97.8582.

COMITE BRASILEIRO DE REGISTROS ORNITOLOGICOS
—CBRO, 2014 [viewed 20 March 2014]. Lista das aves do Brasil
[online]. 11th ed. Available from: http://www.cbro.org.br

CONNELL, J.H., 1971. On the role of natural enemies in
preventing competitive exclusion in some marine animals and in
rain forest trees. In: P.J. BOER and G.R. GRADWELL. Dynamics
of populations: proceedings of the Advanced Study Institute on
‘Dynamics of Numbers in Populations’. Wageningen: Centre
for Agricultural Publishing and Documentation, pp. 298-312.

FIGUEIREDO, R.A., OLIVEIRA, A.A., ZACHARIAS, M.A.,
BARBOSA, S.A., PEREIRA, F.F., CAZELA, G.N., VIANA, J.P.
and CAMARGO, R.A., 2008. Reproductive ecology of the exotic
tree Muntingia calabura L. (Muntingiaceae) in Southeastern
Brasil. Revista Arvore, vol. 32, no. 6, pp. 993-999. http://dx.doi.
org/10.1590/S0100-67622008000600004.

FLEMING, T.H., BREITWISCH, R. and WHITESIDES, G.H.,
1987. Patterns of tropical vertebrate frugivore diversity. Annual
Review of Ecology and Systematics, vol. 18, no. 1, pp. 91-109.
http://dx.doi.org/10.1146/annurev.es.18.110187.000515.

FORSMAN, J.T.,KIVELA, S.M., JAAKKONEN, T., SEPPANEN,
J.T., GUSTAFSSON, L. and DOLIGEZ, B., 2014. Avoiding
perceived past resource use of potential competitors affect niche
dynamics in a bird community. BMC Evolutionary Biology, vol.
14, no. 1, pp. 175-195. http://dx.doi.org/10.1186/s12862-014-
0175-2. PMid:25123229.

FRANCISCO, M.R., LUNARDI, V.O. and GALETTI, M., 2007.
Bird attributes, plant characteristics, and seed dispersal of Pera
glabrata (Schott, 1858), (Euphorbiaceae) in a disturbed cerrado
area. Brazilian Journal of Biology = Revista Brasileira de
Biologia, vol. 67, no. 4, pp. 627-634. http://dx.doi.org/10.1590/
S1519-69842007000400006. PMid:18278313.

GALETTI, M. and MORELLATO, P.C., 1994. Diet of the
fruit-eating bat Artibeus lituratus in a forest fragment in Brazil.
Mammalia, vol. 58, no. 4, pp. 661-665. http://dx.doi.org/10.1515/
mamm.1994.58.4.657.

GALETTI, M. and PIZO, M.A., 1996. Fruits eating by birds in
a forest fragment in southeastern Brazil. Ararajuba = Revista
Brasileira de Ornitologia, vol. 4, no. 2, pp. 71-79.

GALETTI, M., PIZO, M.A. and MORELLATO, L.P.C., 2004.
Fenologia, frugivoria e dispersao de sementes. In: L. CULLEN
JUNIOR, R. RUDRAN and C. VALLADARES-PADUA. Métodos
de estudos em Biologia da conservagdo & manejo da vida silvestre.
Parana: UFPR, pp. 395-422.

GONCALVES, V.F, SILVA, A.M., BAESSE, C.Q. and MELO,
C., 2015. Frugivory and potential of birds as dispersers of
Siparuna guianensis. Brazilian Journal of Biology = Revista
Brasileira de Biologia, vol. 75, no. 2, pp. 300-304. http://dx.doi.
org/10.1590/1519-6984.11413. PMid:26132011.

GONDIM, M.J.C., 2001. Dispersdo de sementes de Trichilia
spp. (Meliaceae) por aves em um fragmento de mata mesofila
semidecidua, no municipio de Rio Claro-SP. Ararajuba = Revista
Brasileira de Ornitologia, vol. 9, no. 2, pp. 101-102.

GUIMARAES, M.A., 2003. Frugivoria de Tapirira guianensis
(Anacardiaceae) na zona urbana do municipio de Araruama, estado

Braz. J. Biol., 2016, vol. 76, no. 4, pp. 818-823


http://dx.doi.org/10.1590/S1519-69842012000200024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22735151&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22735151&dopt=Abstract
http://dx.doi.org/10.1590/S1519-69842012000500012
http://dx.doi.org/10.1590/S1519-69842012000500012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23295515&dopt=Abstract
http://dx.doi.org/10.1163/156853974X00534
http://dx.doi.org/10.1163/156853974X00534
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4597405&dopt=Abstract
http://dx.doi.org/10.2307/1382557
http://dx.doi.org/10.2307/1382557
http://dx.doi.org/10.1590/S1676-06032009000300029
http://dx.doi.org/10.1076/snfe.37.2.97.8582
http://dx.doi.org/10.1590/S0100-67622008000600004
http://dx.doi.org/10.1590/S0100-67622008000600004
http://dx.doi.org/10.1146/annurev.es.18.110187.000515
http://dx.doi.org/10.1186/s12862-014-0175-2
http://dx.doi.org/10.1186/s12862-014-0175-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25123229&dopt=Abstract
http://dx.doi.org/10.1590/S1519-69842007000400006
http://dx.doi.org/10.1590/S1519-69842007000400006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18278313&dopt=Abstract
http://dx.doi.org/10.1590/1519-6984.11413
http://dx.doi.org/10.1590/1519-6984.11413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26132011&dopt=Abstract

Frugivory of Solanum granuloso-leprosum by birds

do Rio de Janeiro, sudeste do Brasil. Atualidades Ornitologicas,
no. 116, pp. 1-12.

HAMMER, @., HARPER, D.A.T. and RYAN, P.D., 2001 [viewed
20 March 2014]. PAST: Paleontological statistics software package
for education and data analysis. Palaeontologia Electronica [online],
vol. 4, no. 1, pp. 1-9. Available from: http://palaco-electronica.
org/2001_1/past/issuel_01.htm

HERRERA, C.M., JORDANO, P., LOPEZ-SORIA, L. and
AMAT, J.A., 1994. Recruitment of a mast-fruiting, bird-dispersed
tree: bridging frugivore activity and seedling establishment.
Ecological Monographs, vol. 64, no. 3, pp. 315-344. http://dx.doi.
org/10.2307/2937165.

HOWE, H. and SMALLWOOD, J., 1982. Ecology of seed
dispersal. Annual Review of Ecology Evolution and Systematics,
vol. 13, no. 1, pp. 201-228. http://dx.doi.org/10.1146/annurev.
es.13.110182.001221.

JACOMASSA, F.AF. and PIZO, M.A., 2010. Birds and bats
diverge in the qualitative and quantitative components of seed
dispersal of a pioneer tree. Acta Oecologica, vol. 36, no. 5, pp.
493-496. http://dx.doi.org/10.1016/j.acta0.2010.07.001.

JANZEN, D.H., 1970 [viewed 20 March 2014]. Herbivores and
the number of tree species in tropical forests. The American
Naturalist [online], vol. 104, no. 940, pp. 501-528. Available
from: http://www.jstor.org/stable/245910

LEVEY, D.J., 1987 [viewed 20 March 2014]. Seed size and fruit-
handling techniques of avian frugivores. The American Naturalist
[online], vol. 129, no. 4, pp. 471-485. Available from: http:/www.
jstor.org/stable/2461656

LIST, R.J., 1949. Smithsonian meteorological tables. 6th rev. ed.
Washington: The Smithsonian Institution. 527 p. Smithsonian
Miscellaneous Collection, vol. 114.

MACHADO, R.B. and LAMAS, I.R., 1996. Avifauna associada a
um reflorestamento de Eucalipto no municipio de Antonio Dias,
Minas Gerais. Ararajuba = Revista Brasileira de Ornitologia,
vol. 4, no. 1, pp. 15-22.

MANHAES, M.A., ASSIS, L.C.S. and CASTRO, R.M., 2003.
Frugivoria e dispersd@o de sementes de Miconia urophylla
(Melastomataceae) por aves em um fragmento de Mata Atlantica
secundaria em Juiz de Fora, Minas Gerais, Brasil. Ararajuba =
Revista Brasileira de Ornitologia, vol. 11, no. 2, pp. 173-180.

MARCONDES-MACHADO, L.O. and ARGEL-DE-OLIVEIRA,
M.M., 1988. Comportamento alimentar de aves em Cecropia
(Moraceae), em Mata Atlantica, no Estado de Sao Paulo. Revista
Brasileira de Zoologia = Zoologia, vol. 4, no. 4, pp. 331-339.
http://dx.doi.org/10.1590/S0101-81751987000400005

MENTZ, L.A. and OLIVEIRA, P.L., 2004. Solanum (Solanaceac)
na regido Sul do Brasil. Pesquisas Botanica, no. 54, pp. 1-357.

MOERMOND, T.C. and DENSLOW, J.S., 1985 [viewed 20
March 2014]. Neotropical avian frugivores: patterns of behavior,
morphology, and nutrition, with consequences for fruit selection.
Ornithological Monographs [online], no. 36, pp. 865-897. Available
from: http://www.jstor.org/stable/40168322

Braz. J. Biol., 2016, vol. 76, no. 4, pp. 818-823

MOERMOND, T.C., 1983. Suction-drinking in tanagers and its
relation to fruit handling. The Ibis, vol. 125, no. 4, pp. 545-549.
http://dx.doi.org/10.1111/j.1474-919X.1983.tb03147 x.

MULLER, M.F. and REIS, N.R., 1992. Parti¢io de recursos
alimentares entre quatro espécies de morcegos frugivoros
(Chiroptera, Phyllostomidae). Revista Brasileira de Zoologia =
Zoologia, vol. 9, no. 3-4, pp. 345-355. http://dx.doi.org/10.1590/
S0101-81751992000200022

POULIN, B., LEFEBVRE, G. and MCNEIL, R., 1994 [viewed
20 March 2014]. Characteristics of feeding guilds and variation
in diet of birds species of three adjacent tropical sities. Biotropica
[online], vol. 26, no. 2, pp. 187-197. Available from: http//www.
jstor.org/stable/2388808

REIS, N.R., PERACCHI, A.L. and ONUKI, M.A., 1993.
Quirdpteros de Londrina, Parand, Brasil (Mammalia, Chiroptera).
Revista Brasileira de Zoologia = Zoologia, vol. 10, no. 3, pp.
371-381. http://dx.doi.org/10.1590/S0101-81751993000300001

ROCHA, V.J.,AGUIAR, L.M., SILVA-PEREIRA, J.E., MORO-
RIOS, R.F. and PASSOS, F.C., 2008. Feeding habitats of the
crab-eating to, Cerdocyon thous (Carnivora: Canidae), in a mosaic
area with native and exotic vegetation in Southern Brazil. Revista
Brasileira de Zoologia = Zoologia, vol. 25, no. 4, pp. 594-600.
http://dx.doi.org/10.1590/S0101-81752008000400003

SAZIMA, 1., FISCHER, W.A., SAZIMA, M. and FISCHER,
E.A., 1994 [viewed 20 March 2014]. The fruit bat Artibeus
lituratus as a forest and city dweller. Ciéncia e Cultura [online],
no. 46, pp. 164-168. Available from: http://www.researchgate.
net/publication/266739598 The fruit bat Artibeus_lituratus
as_a_forest and city_dweller

SICK, H., 2001. Ornitologia brasileira. 2nd ed. Rio de Janeiro:
Nova Fronteira. 862 p.

TEIXEIRA, E.M., BERNARDI, 1.P.B. and JACOMASSA,
F.A.F., 2009. Avifauna de Frederico Westphalen, Rio Grande do
Sul, Brasil. Biotemas, vol. 22, no. 4, pp. 117-124. http://dx.doi.
org/10.5007/2175-7925.2009v22n4p117. [UFSC]

TRAVESET, A., 1998. Effect of seed passage through vertebrate
frugivores guts on germination: a review. Perspectives in Plant
Ecology, Evolution and Systematics, vol. 1/2,n0. 2, pp. 151-190.
http://dx.doi.org/10.1078/1433-8319-00057.

VAN DER PIIL, L., 1972. Principles of dispersal in higher plants.
2nd ed. Heidelberg: Springer-Verlag. 162 p.

VASCONCELLOS-NETO, J., ALBUQUERQUE, L.B. and SILVA,
W.R., 2009. Seed dispersal of Solanum thomasiifolium Sendtner
(Solanaceae) in the Linares Forest, Espirito Santo state, Brazil.
Acta Botanica Brasilica, vol. 23, no. 4, pp. 1171-1179. http://
dx.doi.org/10.1590/S0102-33062009000400027.

WELLER, S.H. and BENNETT, C.L., 2001. Twenty-four hour
activity budgets and patterns of behavior in captive ocelots
(Leopardus pardalis). Applied Animal Behaviour Science, vol. 71,
no. 1, pp. 67-79. http://dx.doi.org/10.1016/S0168-1591(00)00169-
6. PMid:11179560.

WUNDERLE JUNIOR, J.M., 1997. The role of animal seed
dispersal in accelerating native forest regeneration on degraded
tropical lands. Forest Ecology and Management, vol. 99, no. 1/2,
pp. 223-235. http://dx.doi.org/10.1016/S0378-1127(97)00208-9.

823


http://dx.doi.org/10.2307/2937165
http://dx.doi.org/10.2307/2937165
http://dx.doi.org/10.1146/annurev.es.13.110182.001221
http://dx.doi.org/10.1146/annurev.es.13.110182.001221
http://dx.doi.org/10.1016/j.actao.2010.07.001
http://dx.doi.org/10.1111/j.1474-919X.1983.tb03147.x
http://dx.doi.org/10.1078/1433-8319-00057
http://dx.doi.org/10.1590/S0102-33062009000400027
http://dx.doi.org/10.1590/S0102-33062009000400027
http://dx.doi.org/10.1016/S0168-1591(00)00169-6
http://dx.doi.org/10.1016/S0168-1591(00)00169-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11179560&dopt=Abstract
http://dx.doi.org/10.1016/S0378-1127(97)00208-9

