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RESUMO. Folivoria intensiva por Thraupis sayaca (Emberizidae: Thraupinae) no sudeste do Brasil. Descreve-se a observagio de bandos de
Thraupis sayaca alimentando-se repetidamente das folhas de uma arvore (Guapira opposita, Nyctaginaceae) até a quase completa defoliagao da
mesma. Durante o periodo de estudo, frutos carnosos maduros de dezoito espécies de plantas encontravam-se disponiveis em uma érea de 350 ha ao
redor do local onde foram feitas as observagdes. A existéncia de oxalato de célcio, e/ou outros compostos quimicos nas folhas de G. opposita poderia

estar relacionada com este comportamento alimentar seletivo.
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Phytophagy is a rather common feeding habit among birds,
and numerous papers describe the consumption of different
plant parts (Fleming et al. 1987, Abrahamson 1989). Birds
usually consume fruits and seeds, but flowers, leaves, and
roots can also be eaten (del Hoyo er al. 1992; Munson and
Robinson, 1992). The ingestion of leaves (i.e., folivory)
appears to be rather widespread among animals (Kunz and
Ingalls 1994), but among birds is most widespread in
flightless or weakly-flying species (Dudley and Vermeij
1992, Kunz and Ingalls 1994, Grajal 1995). Few obligate
folivorous birds are known. The only known species with a
foregut fermentation system is the Hoatzin (Opisthocomus
hoazin (Miiller)) (Grajal et al. 1989). Occasional, facultative,
or partial folivory, however, is more common, though usually
less well documented (but see Karasov 1990, and references
therein).

Neotropical tanagers (Emberizidae, Thraupinae) are
facultative frugivorous birds that also feed on insects and
ingest parts of flowers, foliar buds, and leaves (Sick 1985).
The ingestion of leaves as a large-scale phenomenon,
however, has not been reported for this taxon.

Between 13 and 29 July 1990, we observed Thraupis
sayaca (Linnaeus) ingesting large amounts of leaves of the
tree Guapira opposita (Vell.) Reitz var. opposita
(Nyctaginaceae), in Parque Estadual da Ilha do Cardoso
(25°10’S, 48°00°W) in southeastern Brazil. This 22,500 ha
reserve is covered mainly by mature and secondary Atlantic
rainforest, mangroves and “restinga” vegetation (Hueck
1972). “Restinga” vegetation grows on sandy plains near
the sea and, depending on proximity to the ocean, has the
appearance of semi-open shrublands or dense forests.

Guapira opposita var. opposita is a common tree both in
the lowland Atlantic rainforest and “restinga” vegetation of

southeastern Brazil. The leaves are very variable in shape,
size, and texture. Leaves of trees in the shrubland “restinga”
area are usually noticeably harder and smaller than those of
forest trees (Reitz 1970).

The observations reported here were made on a 3.20 m
tall individual of G. opposita in shrubland “restinga”, 40 m
from the seashore. Flocks of T. sayaca composed of 11 to
16 birds were regularly seen feeding in this tree, biting the
leaves and removing gape-sized fragments (N = 19
observations in eight days; 1 to 4 observations per day).
Mature and young leaves were indiscriminately
mandibulated and ingested; only T. sayaca was seen feeding
on G. opposita leaves.

On 29 of July of 1990 we estimated (by examining
remains of leaves still connected to the branches) that up to
80% of the total foliage of the tree had been removed by T.
sayaca. We returned to the area on 27 of October of 1990
and noted that the study tree had recovered its foliage
completely. Although some of the younger leaves had traces
of beak bites, we did not see any birds eating new leaves nor
any flock of T. sayaca on the island.

As pointed out above, Neotropical tanagers typically
forage on fruits and insects. Therefore, the question is why
do Thraupis sayaca tanagers feed extensively on leaves,
despite the additional challenges imposed by the presence
of secondary compounds and long digestion?

The first point is that such an unusual behavior is not an
isolated case. Sick (1985), reported T. sayaca feeding on
leaves of Cassia sp., and T. bonariensis (Gmelin) on those
of Carica papaya; both plant species produce powerful
alkaloids and other chemical compounds (Hoehne 1978).
However, intensive feeding bouts such as described here have
never been reported before. This suggests that birds were
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using leaves as a very important food resource and that,
perhaps, they switched to such a diet because of a lack of
more conventional resources (i.e., insects and fruits).

We have no data on insect availability, but between June
and September, the area is intermittently under the influence
of polar air masses, which cause sudden temperature drops
(Bigarella 1978). Owing to these climatic conditions, which
are unfavorable to insect activity, several species of tanagers
living in southeastern Brazil, including 7. sayaca, rely
markedly on a frugivorous diet during winter (Guix 1995).

During the study period, we observed ripe fruits of at
least 18 different plant species in a 350 ha area comprised
within the semicircle defined by a radius of 1,500 m around
the defoliated tree, an area easily accessible to T. sayaca in
their daily movements. Eleven of these 18 species were found
in “restinga” formations and 10 in lowland and hillside
Atlantic rainforests (table 1). Moreover, during July 1990,
we observed T. sayaca flocks mainly exploiting “restinga”
fruit resources, including Bromelia antiacantha Bertol.
(Bromeliaceae) and Eugenia umbelliflora Berg (Myrtaceae).

Leaves of G. opposita have large amounts of raphides
rich in calcium oxalate, like other members of the
Nyctaginaceae family (Hoehne ef al. 1941, Armando C.

Table 1. Plant species with ripe fruits in an area of 350 ha around the
location were T. sayaca flocks were ingesting Guapira opposita leaves.

RESTINGA RAINFOREST

ARECACEAE:
Euterpe edulis Mart. X X
Syagrus romanzoffiana (Cham.) Glasn X
BROMELIACEAE:
Bromelia antiacantha Bertol. X
CECROPIACEAE:
Cecropia pachystachya Tréc. X
Cecropia sp. X
CELASTRACEAE:
Mavytenus alaternoides Reissek X
MELASTOMATACEAE:
Miconia latecrenata Naud.
Miconia sp. (#2)
Miconia sp. (#3) X
MELIACEAE:
Guarea macrophylla
ssp. uberculata (Vell.) Penn. X
MONIMIACEAE:
Mollinedia uleana Perkins X
MYRTACEAE:
Calyptranthes lanceolata
var. catharinensis Legr. X
Campomanesia guaviroba (DC.) Kiaersk. X
Eugenia wnbelliflora Berg. X
Fsidium guajava L. (*) X X
Eugenia sp. (#2) X
Myrcia sp. X
MORACEAE:
Ficus cf enormis (Mart. ex Miq.) Miq. X X

(*) introduced species.

139

Cervi, pers. comm.). Calcium oxalate ingestion is known to
induce diverse pathologies in mammals, ranging from edema
to renal disease (Gardner 1994, Hackett er al. 1994), although
little is known about its effects on birds. We surmise that the
accumulation of this compound in plants is linked with
defense against defoliation (but see Cannon et al. 1995, for
an alternative, non-mutually exclusive role in the
phosphorous cycle).

Adaptations to frugivory include the ability to tolerate,
or overcome, to a certain extent, the effects of plant secondary
compounds (Rosenthal and Janzen 1979, Stiles 1989). This
ability can be employed even in the consumption of
aposematic insects presenting chemical defenses against
predators (Herrera 1985) and, rarely, in the consumption of
unripe fruits (Souza et al. 1992), which present secondary
compounds similar to leaves (Stiles 1989). Kunz and Ingalls
(1994), citing extensive folivory by phyllostomid bats (Zortéa
1993, Zortéa and Mendes 1993) suggested that folivory is
derived from frugivory.

It has also been suggested that leaves of certain plants
can store relatively large amounts of proteins and, therefore,
are used by frugivores to supplement their usually protein-
deficient diets (Kunz and Ingalls 1994). Alternatively, leaves
serve as sources of dietary calcium, hormonal precursors,
secondary compounds that inhibit protein metabolism, de-
parasitizing agents, micronutrients, or vitamins (Morton
1978, Kunz and Ingalls 1994, Kunz and Dias 1995).

Since most plant species have high concentrations of
different secondary compounds in their leaves (Waterman
and McKey 1989), it is rather difficult, even after isolating
the compounds, to discern which are used by animals, and
therefore to identify the functional value of the foraging
behaviour. Clearly, aviary experiments to see how readily
Thraupis sayaca would feed on leaves and their physiological
responses are needed to elucidate this point.

ACKNOWLEDGMENTS

The authors are grateful to CEPARNIC, Paulo
Martuscelli and Tim Moulton for the logistic support, and to
Geraldo Correa Franco for identifying the Guapira opposita.
We also thank R. Rycroft (EIM, Universitat de Barcelona)
for improving the English text, and Alejandro Grajal, Bette
Loiselle and an anonymous referee for comments and
suggestions on an earlier draft. Earthwatch-USA provided
grants for fieldwork in Ilha do Cardoso.

REFERENCES

Abrahamson, W. G. (ed.) (1989) Plant-animal interactions.
New York: McGraw-Hill.

Bigarella, J. J. (1978) Considera¢des climatoldgicas, p. 37-
45. In: A Serra do Mar e a porg¢do oriental do Estado do
Parand: um problema de seguran¢a ambiental e
nacional. Curitiba: Secretaria de Estado do Planejamento,
Governo do Estado do Parand.



140

Cannon, J. P., E. B. Allen, M. F. Allen, L. M. Dudley and J.
J. Jurinak (1995) The effects of oxalates produced by
Salsola tragus on the phosphorus nutrition of Stipa
pulchra. Oecologia 102:265-272.

del Hoyo, J., A. Elliott and J. Sargatal (eds.) (1992)
Handbook of the birds of the world. Barcelona: Lynx
Edicions.

Dudley, R. and G. J. Vermeij (1992) Do the power
requirements of flapping flight constrain folivory in flying
animals? Func. Ecol. 6:101-104.

Fleming, T. H., R. Breitwisch and G. H. Whitesides (1987)
Patterns of tropical vertebrate frugivore diversity. Annu.
Rev. Ecol. Syst. 18:91-109.

Gardner, D. G. (1994) Injury to the oral mucous membranes
caused by the common houseplant dieffenbachia: A
review. Oral Surgery, Oral Medicine, Oral Pathology
78:631-633.

Grajal, A. (1995) Digestive efficiency of the Hoatzin,
Opisthocomus hoazin: a folivorous bird with foregut
fermentation. /bis 137:383-388.

, S. D. Strahl, R. Parra, M. G. Dominguez and
A. Neher (1989) Foregut fermentation in the Hoatzin, a
neotropical avian folivore. Science 245:1131-1134.

Guix, J. C. (1995) Aspectos da frugivoria, disseminagdo e
predagdo de sementes por vertebrados nas florestas
nativas do Estado de Sdo Paulo, sudeste do Brasil. Ph.D.
thesis. Barcelona: Facultat de Biologia, Universitat de
Barcelona.

Hackett, R. L., P. N. Shevock and S. R. Khan (1994) Madin-
Darby canine kidney cells are injured by exposure to
oxalate and to calcium oxalate crystals. Urol. Res. 22:197-
204.

Herrera, C. M. (1985) Aposematic insects as six-legged
fruits: incidental short-circuiting of their defense by
frugivorous birds. Am. Nat. 126:286-293.

Hoehne, F. C. (1978) Plantas e substdncias vegetais toxicas
e medicinais. Sio Paulo: Instituto de Boténica de Sao
Paulo.

, M. Kuhlmann and O. Handro (1941) O Jardim
Boténico de Sdo Paulo. Sio Paulo: Departamento de
Botinica do Estado. Secretaria da Agricultura, Industria
e Comércio de Sdo Paulo.

Hueck, K. (1972) As florestas da América do Sul, ecologia,
composi¢do e importdncia econdomica. Sao Paulo: Ed.
Univ. Sdo Paulo, Ed. Poligono.

Karasov, W. H. (1990) Digestion in birds: Chemical and
physiological determinants and ecological implications,
p. 391-415. In: M. L. Morrison, C. J. Ralph, J. Verner
and J. R. Jehl (eds.) Avian foraging: Theory,
methodology, and applications. Los Angeles: Cooper
Ornithological Society.

Kunz, T. H. and C. A. Dias (1995) Folivory in fruit-eating
bats, with new evidence from Artibeus jamaicensis
(Chiroptera: Phyllostomidae). Biotropica 27:106-120.

and K. A. Ingalls (1994) Folivory in bats: an
adaptation derived from frugivory. Func. Ecol. 8:665-
668.

Notas

Morton, E. S. (1978) Avian arboreal folivores: why not? p.
123-130. In: G. G. Montgomery (ed.) The ecology of
arboreal folivores. Washington: Smithsonian Institution
Press.

Munson, E. S. and W. D. Robinson (1992) Extensive folivory
by Thick-billed Saltators (Saltator maxillosus) in
Southern Brazil. Auk 109:917-919.

Reitz, P. R. (1970) Nictaginéceas, p. 32-37. In: P.R. Reitz
(ed.) Flora ilustrada catarinense. Fasc. NICT. Primeira
parte. Itajai: Imprensa do Estado.

Rosenthal, G.A. and D. H. Janzen (eds.) (1979) Herbivores:
their interaction with secondary plant metabolites. New
York: Academic Press.

Sick, H. (1985) Ornitologia brasileira, uma introdugdo.
Brasilia: Editora Univ. de Brasilia.

Souza, F. L. de, J. C. Roma and J. C. Guix (1992).
Consumption of Didymopanax pachycarpum unripe fruits
by birds in southeastern Brazil. Misc. Zool. 16:246-248.

Stiles, E. W. (1989) Fruits, seeds, and dispersal agents, p.
87-122. In: W. G. Abrahamson (ed.) Plant-animal
interactions. New York: MacGraw-Hill.

Waterman, P. G. and D. Mckey (1989) Herbivory and
secondary compounds in rain-forest plants, p. 513-536.
In: H. Lieth, and M. J. A. Werger (eds.) Tropical rain
forest ecosystems: biogeographical and ecological
studies. The Netherlands: Elsevier.

Zortéa, M. (1993). Folivory in Platyrrhinus (Vampyrops)
lineatus. Bat Research News 34:59-60.

and S. L. Mendes (1993) Folivory in the big
fruit-eating bat, Artibeus lituratus (Chiroptera,
Phyllostomidae) in Eastern Brazil. J. Trop. Ecol. 9:117-
120.




	Sem título-1.pdf
	Sem título-2.pdf
	Sem título-3.pdf

