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Abstract: The role of fish as frugivorous and its ecological consequences are often neglected in ecological studies. 
However, the importance of the interaction between fish and plants is gaining force in scientific literature, and fish 
has been considered effective seed dispersers. The fruit-eating fish assemblage of Banara arguta (Salicaceae) was 
evaluated in Southern Pantanal wetlands. Nine species were reported consuming fruits, with different strategies 
to capture them. The distribution of B. arguta associated with the Pantanal floodplain and the presence of several 
species of fruit-eating fish, suggest that ichthyochory can be an important seed dispersal strategy to B. arguta.
Keywords: Brycon, diet, foraging behavior, frugivory, ichthyochory, Triportheus.

COSTA-PEREIRA, R., SEVERO-NETO, F., YULE, T.S. & TINTI-PEREIRA, A.P. Peixes frugívoros de 
Banara arguta (Salicaceae) na planície de inundação do Rio Miranda, Pantanal. Biota Neotrop. 11(4): http://
www.biotaneotropica.org.br/v11n4/pt/abstract?short-communication+bn03011042011

Resumo: O papel de peixes como frugívoros e suas conseqüências ecológicas são frequentemente negligenciados 
em estudos ecológicos. Entretanto, a importância da interação entre peixes e plantas vem ganhando força na 
literatura científica, e peixes têm sido considerados como efetivos dispersores de sementes. A comunidade de 
peixes frugívoros de Banara arguta (Salicaceae) foi avaliada no Pantanal Sul. Nove espécies foram reportadas 
consumindo os frutos, com diferentes estratégias para capturá-los. A distribuição de B. arguta associada à planície 
de inundação no Pantanal, além da presença de várias espécies de peixes frugívoros, sugere que a ictiocoria pode 
ser uma importante estratégia de dispersão de sementes para B. arguta.
Palavras-chave: Brycon, dieta, comportamento de forrageamento, frugivoria, ictiocoria, Triportheus.
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floodplain, near the Universidade Federal de Mato Grosso do Sul 
Pantanal Studies Base (19° 34’ 36’’ S and 57° 01’ 06’’ W). Four trees 
of Salicaceae Banara arguta with ripe fruits falling in the water were 
selected. This species is common on flooded areas, fruiting during 
the flood season in Pantanal (Lorenzi 2002). Primates, birds and bats 
were already registered in literature consuming B. arguta fruits (Bravo 
& Sallenave 2003, Ragusa-Netto & Fecchio 2006, Gonçalves et al. 
2007, Teixeira et al. 2009).

We collected 50 mature fruits of Banara arguta to quantify 
the number of seeds and the fruit´s size with a precision caliper. 
To capture the fishes, we used four fishing rods/tree with barbless 
hooks baited with fruits of B. arguta around the four selected trees 
(sampling effort of 16 hours). Captured individuals were quantified 
and mostly returned to the water. Fishes were identified according to 
Britski et al. (2007). For taxonomic identification of species of the 
genus Triportheus (Malabarba 2004) is necessary to count gill rakers, 
so we  captured three individuals and deposited in the zoological 
collection of the Federal University of Mato Grosso do Sul (ZUFMS-
accession number: 3089). Additionally, we offered ripe fruits of 
B. arguta to fishes and observed the feeding behavior with a snorkel 
and a dive mask. All species which consumed fruits were recorded. 
Feeding behavior was recorded in situ following Sazima (1986).

Results

The fruits of B. arguta presented an average weight of 0.59 g 
(sd = 0.29), average length of 86 mm (sd = 18) and average width 
of 98 mm (sd = 18). The seeds were small and numerous, reaching 
up to 53 seeds in one fruit, with an average of 17.68 seeds per fruit 
(sd = 19.23).

We recorded nine species of fish consuming fruits of B. arguta. 
Most of individuals captured were Triportheus pantanensis 
(Kner, 1858), followed by Brycon hilarii (Valenciennes, 1850). Three 
species were not captured with the rods, but only observed during the 
snorkeling (Table 1). The only species captured by the rods that was 
not observed during snorkeling was Markianna nigripinnis.

The consumption of fruits occurred in different ways among 
species (Table 1). Brycon hilarii formed small shoals of three to 
nine individuals, swimming constantly around the B. arguta trees. 
They captured the fruit at the surface or in the water column, 
mostly entire. Triportheus pantanensis and Astyanax asuncionensis 
Géry, 1972 (Figure 1a) adopt a similar foraging strategy, but only 
larger individuals captured entire fruits. Juveniles of these species 
bite the fruit on the surface or in the water column, and pluck large 
pieces. Another species with ontogenetic differences in foraging 
strategy was Leporinus friderici (Bloch, 1794): adults manipulate 

Introduction

Approximately 275 species of fish belonging to 39 families 
are potentially fruit-eating (Horn et al. 2011). Most of them are 
Neotropical Characiformes, representing 70% of fish biomass in 
South America (Harvey & Carolsfield 2003). However, the role of 
fish as frugivorous and its ecological consequences, including seed 
dispersion, are often neglected in studies about plant-vertebrates 
interaction (Correa et al. 2007).

A growing number of studies are beginning to consider the 
interaction between fishes and plants as an interesting link in the 
dynamics of Neotropical communities (Horn et al. 2011, Pollux et al. 
2011). Indeed, fishes are able to consume large quantity and variety 
of fruits and seeds (Goulding 1980, Reys et al. 2008, Anderson et al. 
2009), keep viable or increase the germination efficiency of seeds 
(Kubitzki & Ziburski 1994, Horn 1997, Anderson et al. 2009) and 
disperse seeds for lond distances and in suitable sites (e.g. upstream 
and floodplains) (Horn 1997, Anderson et al. 2011).

The role of fish as frugivorous is more noticeable in wetlands, 
mainly floodplains (Goulding 1980, Parolin et al. 2011). Several fish 
species invade floodplains to feed and breed (Lowe-McConnell 1999). 
Considering the plants, some species synchronize their fructification 
with the flood season, which increases the probability of its fruits 
being consumed by fishes (Goulding 1980, Kubitzki & Ziburski 1994, 
Anderson et al. 2009). One of the largest wetlands in the world, the 
Pantanal, still has gaps in knowledge of its fruit-eating fishes, with few 
studies realized until now (e.g. Galetti et al. 2008, Reys et al. 2008).

Studies on frugivory and seed dispersion by fishes highlights 
fish-plant species interactions  by single fish species (Horn 1997, 
Banack et al. 2002, Galetti et al. 2008), or more (Kubitzki & Ziburski 
1994, Lucas 2008, Anderson et al. 2009). Our aim is to evaluate the 
fruit-eating fish assemblage of Banara arguta Briq. (Salicaceae) in 
Pantanal wetland. Furthermore, we discuss the ichthyofauna potential 
role in the seed dispersion of B. arguta based on fish foraging behavior.

Material and Methods

The Pantanal is one of the largest continuous floodplain in the 
world, located in the upper Paraguay River basin (Junk et al. 2006). 
Its flood pulse follows a uni-modal annual cycle whose amplitude 
varies between two and five meters and last three to six months, 
usually between January to May (Harris et al. 2005). This ecosystem 
can be divided into 10 different sub-regions due edaphic, hydrological 
and biogeographical variations (Lourival et al. 2000). This work was 
conducted in the Miranda-Abobral sub-region.

Our data were collected in the daytime during four days in the 
flood season on the Pantanal, May 2011, on the Miranda River 

Table 1. Fish species that consumed Banara arguta in the Miranda River floodplain.

Species Position n Strategy 
Astyanax asuncionensis S,C 1 Plucks fruit fragments or take advantage of fragments left by the larger species

Brycon hilarii S,C 15 Captures the  entire fruit or large pieces

Triportheus pantanensis 74

Leporinus striatus* B - Nibbles fruit on the bottom, ingesting small pieces

Leporinus friderici B 1 Adults manipulate the fruit in the mouth and ingest the  entire fruit, while 
young individuals manipulate the fruit tearing small fragments

Tetragonopterus argenteus C 1 Tears fruit fragments or take advantage of fragments left by the larger species, 
nibbling on those pieces while it fall into the water columnMarkiana nigripinnis 1

Brachychalcinus retrospina* -

Mylossoma duriventre B - Swallows  the entire fruit that was being contested by smaller fish
Position on water column: S = surface, C = water column and B = bottom; number of individuals captured (n) and strategy to capture the fruits. *Species 
that were recorded consuming fruits of B. arguta only during the subaquatic observation sessions.
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the fruit in the mouth before eating it entirely, while young nibble 
fruit tearing small pieces, but both capture fruits deposited on the 
floodplain bottom. Leporinus striatus (Kner, 1858) nibble fruits in 
the bottom of the floodplain, eating small pieces.

The smaller species Markiana nigripinnis  (Perugia, 
1891) ,  Tetragonopterus  argenteus  Curvier,  1916 and 
Brachychalcinus retrospina Boulenger, 1892 (Figure 1b), take 
advantage of fruit fragments left by larger species, nibbling on 
those pieces while they fall into the water column. Moreover, when 
the entire fruit that fell in the water are not attacked by the larger 
species, smaller species also nibble on the fruit into the water column 
or bottom. Mylossoma orbignyanum (Valenciennes, 1849) was seen 
moving from bottom to the fruit, and swallowing whole the fruit that 
was being contested by smaller fish.

Discussion

No other study reported the occurrence of B. arguta fruits in 
the stomach contents of fish as food item, so far. The feeding of 
fish is strongly dependent on the availability of food resources and, 
considering that fruits are available seasonally due to plant phenology,  
frugivory is also seasonal (Correa et al. 2007). Except in studies 
that capture fish in floodplains or monitor the diet of the species 
throughout the year in flooded areas (Mérona & Rankin-de-Mérona 
2004, Lucas 2008), frugivory by fish is underestimated (Correa et al. 
2007). Another source of underestimation is the aggregation of fruits, 
seeds, flowers, leaves and macrophytes in major food categories, such 
as plant material. This partly explains the only recent consideration 
of ichthyochory as an important part of life history for many species 
of plants and fish (Anderson et al. 2009, 2011, Horn et al. 2011).

The frugivory of B. arguta by Triportheus spp. is well known in 
riverine communities (Morais & Silva 2010). In literature, Goulding 
(1980) points out that the Triportheus genus possesses behavioral 
and morphological adaptations for the consumption of fruits. By 
testing the germination of seeds recovered from the digestive tract 
of T. angulatus in a lake in the Amazon, Maia et al. (2007) found 
that the species is one of the dispersal agents of the Rubiaceae 

Bothriospora corymbosa. The high abundance of T. pantanensis in 
floodplains of the Miranda River, and the high number of individuals 
caught by baits of B. arguta, suggests this species as a major consumer 
of fruits of B. arguta.

The genus Brycon comprises omnivorous – frugivorous species 
(Goulding 1980, Kubitzki & Ziburski 1994, Horn 1997, Gomiero et al. 
2008), with morphological and biochemical evidence of specialization 
to herbivory and frugivory as adults (Drewe et al. 2004). Reys et al. 
(2008) observed 12 fruit species in the diet of B. hilarii and discussed 
that half of all plant species of riparian vegetation in  Formoso River, 
Central Brazil, can be dispersed by this species. Horn (1997) showed 
that the seeds of Ficus glabrata remained viable for germination 
after their passage through the tract of B. guatemalensis, and that 
the species dispersed seeds upstream. The larger body size and high 
mobility of B. hilarii suggests this species as potential seed disperser 
of B. arguta in the Pantanal floodplains.

We found some evidences of B. arguta dispersal by fish, related 
to its fruits and seeds characteristics, and also its phenology and 
distribution in the floodplain.  Their small size and conspicuous 
color of the fruit, numerous and small seeds, the distribution along 
floodplains and the fruiting during the rainy season of B. arguta are 
characteristics that allows the dispersal by ichthyofauna. Moreover, the 
fruits of B. arguta do not float which is a disadvantage to hydrochory, 
especially in lentic environments such as floodplains, and highlights the 
potential role of ichthyochory as a dispersal strategy of the B. arguta.

As for the ichthyofauna foraging behavior, the ingestion of whole 
fruit or large pieces by some of the species, such as B. hilarii, and 
adults of T. pantanensis, A. asuncionensis and L. friderici, decreases 
the probability of seed predation by the bite of the Characidae 
(Correa et al. 2007). On the other hand, the small seeds of B. arguta 
can be ingested even by small fish species that nibble the fruits, such as 
B. retrospina. In this context, we suggest future studies to evaluate the 
seed dispersal potential of the fruit-eating fish assemblages, mainly 
T. pantanensis and B. hilarii. Aspects such as dispersal distance, 
seed viability and the efficiency of seed germination involving 
experimental analysis are important to defining the real role of fish 
in the recruitment of B. arguta.

Figure 1. a) Astyanax asuncionensis tearing a peace of fruit of Banara arguta; and b) Brachychalcinus retrospina consuming small fragments of fruits of 
Banara arguta.

a b



376

Costa-Pereira, R. et al.

http://www.biotaneotropica.org.br http://www.biotaneotropica.org.br/v11n4/en/abstract?short-communication+bn03011042011

Biota Neotrop., vol. 11, no. 4

Acknowledgements

IBAMA for permitting us to conduct this study, Universidade 
Federal de Mato Grosso do Sul for field support and CNPq and 
CAPES for financial support. We are grateful to Julie Lepine, Sharyn 
Burgess and Rudi Laps for helping in review of the English. We thank 
the anonymous referee for his constructive comments and suggestions.

References
ANDERSON, J.T., NUTTLE, T., ROJAS, J.S.S., PENDERGAST, T.H. & 

FLECKER, A.S. 2011. Extremely long-distance seed dispersal by an 
overfished Amazon frugivore. P. Roy. Soc. B-Biol. Sci. B. 278:3329-3335. 
PMid:21429923. http://dx.doi.org/10.1098/rspb.2011.0155

ANDERSON, J.T., ROJAS, J.S. & FLECKER, A.S. 2009. High-quality 
seed dispersal by fruit-eating fishes in Amazonian floodplain habitats. 
Oecologia 161:279-290. PMid:19466459. http://dx.doi.org/10.1007/
s00442-009-1371-4

BANACK, S.A., HORN, M.H. & GAWLICKA, A. 2002. Disperser-vs. 
establishment-limited distribution of a riparian fig tree (Ficus insipida) 
in a Costa Rican tropical rain forest. Biotropica 34:232-243.

BRAVO, S.P. & SALLENAVE, A. 2003. Foraging behavior and activity 
patterns of Alouatta caraya in the northeastern argentinean flooded Forest. 
Int. J. Primatol. 24:825-846. http://dx.doi.org/10.1023/A:1024680806342

BRITSKI, H.A., SILIMON, K.Z.S., LOPES, B.S. 2007. Peixes do Pantanal: 
manual de identificação. Embrapa, Corumbá.

CORREA, S.B., WINEMILLER, K.O., LOPEZ-FERNANDEZ, H. & 
GALETTI, M. 2007. Evolutionary perspectives on seed consumption and 
dispersal by fishes. Bio Science 57:748-756. http://dx.doi.org/10.1641/
B570907

DREWE, K.E., HORN, M.H., DICKSON, K.A. & GAWLICKA, A. 2004. 
Insectivore to frugivore: ontogenetic changes in gut morphology and 
digestive enzyme activity in the characid fish Brycon guatemalensis from 
Costa Rica rain forest streams. J. Fish Biol. 64:890-902. http://dx.doi.
org/10.1111/j.1095-8649.2004.0357.x

GALETTI, M., DONATTI, C.I., PIZO, M.A. & GIACOMINI, H. 2008. Big 
fish are the best: seed dispersal of Bactris glaucescens by the Pacu fish 
(Piaractus mesopotamicus) in the Pantanal, Brazil. Biotropica 40:386-
389. http://dx.doi.org/10.1111/j.1744-7429.2007.00378.x

GOMIERO, L.M., MANZATTO, A.G., BRAGA, F.M.S. 2008. The role 
of riverine forests for food for Brycon opalinus in the Serra do Mar, 
southeast Brazil. Braz. J. Biol. 68, 321-328. http://dx.doi.org/10.1590/
S1519-69842008000200013

GONÇALVES, F., MUNIN, R., COSTA, P. & FISCHER, E. 2007.Feeding 
habits of Noctilio albiventris (Noctilionidae) bats in the Pantanal, 
Brazil.Acta Chiropterol. 9:535-538. http://dx.doi.org/10.3161/1733-
5329(2007)9[535:FHONAN]2.0.CO;2

GOULDING, M. 1980. The fishes and the forest: explorations in Amazonian 
natural history. University of California Press, Berkeley.

HARRIS, M.B., TOMAS, W., MOURÃO, G., SILVA, C.J., GUIMARAES, E., 
SONODA, F. & FACHIM, E. 2005. Safeguarding the Pantanal wetlands: 
threats and conservation initiatives. Conserv. Biol. 19:714-720. http://
dx.doi.org/10.1111/j.1523-1739.2005.00708.x

HARVEY, B. & CAROLSFIELD, J. 2003. Introduction: Fishes of the floods. 
In Migratory fishes of South America: Biology, fisheries and conservation 
status (J. Carolsfield, B. Harvey, C. Ross & A. Baer, eds.). The International 
Bank for Reconstruction and Development, The World Bank, Ottawa, p. 1-18

HORN, M. 1997. Evidence for dispersal of fig seeds by the fruit-eating 
characid fish Brycon guatemalensis Regan in a Costa Rican tropical rain 
forest. Oecologia 109:259-264. http://dx.doi.org/10.1007/s004420050081

HORN, M., CORREA, B.B., PAROLIN, P., POLLUX, B.J.A., ANDERSON, 
J.T., LUCAS, C., WIDMANN, P., TJIU, A., GALETTI, M., GOULDING, 
M. 2011. Seed dispersal by fishes in tropical and temperate fresh waters: 
the growing evidence. Acta Oecol. 37:1-17. http://dx.doi.org/10.1016/j.
actao.2011.06.004

JUNK, W.J., DA CUNHA, L.A., WANTZEN, K.M., PETERMANN, P., 
STRÜSSMANN, C., MARQUES, M.I. & ADIS, J. 2006. Biodiversity 
and its conservation in the Pantanal of Mato Grosso, Brazil. Aquatic. 
Sci. 68:278-309. http://dx.doi.org/10.1007/s00027-006-0851-4

KUBITZKI, K. & ZIBURSKI, A. 1994. Seed dispersal in flood plain forests 
of Amazonia. Biotropica 26:30-43. http://dx.doi.org/10.2307/2389108

LORENZI, H. 2002. Árvores brasileiras: manual de identificação e cultivo de 
plantas arbóreas do Brasil. Instituto Plantarum, Nova Odessa.

LOURIVAL, R., HARRIS, M. & MONTAMBAULT, J.R. 2000. Introdução 
ao Pantanal, Mato Grosso do Sul, Brasil. In Uma avaliação Biológica dos 
Ecossistemas Aquáticos do Pantanal, Mato Grosso do Sul, Brasil (P.W. 
Willink, B. Chernoff, L. Alonso, J.R. Montambault & R. Lourival, eds.). 
Conservation International, Washington, p. 28-33.

LOWE-McCONNELL, R.H. 1999. Estudos ecológicos de comunidades de 
peixes tropicais. Editora da USP, São Paulo.

LUCAS, C.M. 2008. Within flood season variation in fruit consumption and 
dispersal by two Characidin Fishes of the Amazon. Biotropica 40:481-589. 
http://dx.doi.org/10.1111/j.1744-7429.2008.00415.x

MAIA, L.A., SANTOS, L.M. & PAROLIN, P. 2007. Germinação de sementes 
de Bothriospora corymbosa (Rubiaceae) recuperadas do trato digestório 
de Triportheus angulatus (sardinha) no Lago Camaleão, Amazônia 
Central. Acta Amazon. 37:321-326. http://dx.doi.org/10.1590/S0044-
59672007000300002

MALABARBA, M.C.S.L. 2004. Revision of the Neotropical genus Triportheus 
Cope, 1872 (Characiformes, Characidae). Neotrop. Ichthyol. 2:167-204. 
http://dx.doi.org/10.1590/S1679-62252004000400001

MÉRONA, B. & RANKIN-DE-MÉRONA, J. 2004. Food resource partioning 
in a fish community of the central Amazon floodplain. Neotrop. 
Ichthyol. 2:75-84.

MORAIS, F.F. & SILVA, C.J. 2010. Conhecimento ecológico tradicional 
sobre fruteiras para pesca na Comunidade de Estirão Comprido, Barão de 
Melgaço-Pantanal Matogrossense. Biota Neotropica 10(3): http://www.
biotaneotropica.org.br/v10n3/pt/fullpaper?bn03510032010+pt (ultimo 
acesso em 15/07/2011).

PAROLIN, P., WALDHOFF, D. & PIEDADE, M.T.F. 2011. Fruit and seed 
chemistry, biomass and dispersal. Ecol. Stu. 210:243-258. http://dx.doi.
org/10.1007/978-90-481-8725-6_12

POLLUX, B.J.A. 2011. The experimental study of seed dispersal by fish 
(Ichthyochory). Freshwater Biol. 56:197-212. http://dx.doi.org/10.1111/
j.1365-2427.2010.02493.x

RAGUSA-NETTO, J. & FECCHIO, A. 2006. Plant food resources and the 
diet of a parrot community in a gallery forest of the southern Pantanal 
(Brazil). Braz. J. Biol. 66:1021-1032. http://dx.doi.org/10.1590/S1519-
69842006000600008

REYS, P., SABINO, J. & GALETTI, M. 2008. Frugivory by the fish 
Bryconhilarii (Characidae) in western Brazil. Acta Oecol. 35:136-141. 
http://dx.doi.org/10.1016/j.actao.2008.09.007

SAZIMA, I. 1986. Similarities in feeding behaviour between some marine 
and freshwater fishes in two tropical communities. J. Fish Biol. 29:53-65. 
http://dx.doi.org/10.1111/j.1095-8649.1986.tb04926.x

TEIXEIRA, R., CORREA, C. & FISCHER, E. 2009. Frugivory by Artibeus 
jamaicencis (Phyllostomidae) bats in the Pantanal, Brazil. Stud. Neotrop. 
Fauna E. 44:7-15. http://dx.doi.org/10.1080/01650520802692283

Received 18/07/2011 
Revised 03/12/2011 

Accepted 14/12/2011


