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InteragBes entre Formigas e Plantas com Nectarios Extraflorais
na Vegetacdo do Cerrado

RESUMO - Nectérios extraflorais (NEFs) sao glandulas de néctar néo
relacionadas com o processo de polinizacdo da planta e que podem ocorrer
virtualmente em todas as estruturas vegetativas e reprodutivas de angiospermas.
Estudos recentes revelaram que NEFs ocorrem em diversas espécies de arbustos
e arvores dos cerrados brasileiros. Plantas portadores destas glandulas séo
visitadas de dia e de noite por diversas espécies de formigas nectarivoras do
cerrado. Nesta revisdo apresentamos os dados obtidos nos ultimos 15 anos sobre
a interacéo entre formigas e plantas com NEFs em vegetacéo de cerrado. Estudos
experimentais no campo indicam que as formigas visitantes de NEFs podem
predar ou injuriar insetos herbivoros que encontram sobre as plantas, reduzindo
significativamente as taxas de herbivoria sobre as folhas, botées ou flores. Em
resposta, algumas espécies de herbivoros desenvolveram varios mecanismos
para evitar o ataque das formigas sobre suas plantas hospedeiras. Os beneficios
oferecidos as plantas pelas formigas visitantes, entretanto, podem variar com a
agressividade da espécie de formiga, com as estratégias defensivas apresentadas
pelos insetos herbivoros, bem como com a espécie de planta. Os resultados
obtidos para diferentes espécies de plantas de cerrado séo discutidos, indicando
areas promissoras para estudos experimentais futuros.

PALAVRAS-CHAVE: Insecta, Hymenoptera, herbivoria, mutualismo,
predacéo.

ABSTRACT - Extrafloral nectaries (EFNs) are nectar-secreting glands not di-
rectly involved with pollination which mayccur on virtually all above-ground

plant parts of angiosperms. Recent studies revealed that such glands are widely
distributed amongst the woody flora of the Brazilian cerrados. Plants bearing
EFNs are visited day and night by a diverse assemblage of nectarivorous ants.
In this review we present the data gathered during the past 15 years on the
interaction between ants and EFN-bearing plants in cerrado vegetation. Field
experiments indicate that ants visiting EFNs may prey or attack insect herbiv-
ores on the plant foliage, significantly reducing herbivore damage to leaves,
buds or flowers. As a response, some herbivore species have developed an ar-
ray of mechanisms to circumvent the ants’ deterring capacities on their host
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plants. Ant-derived benefits to plants, however, may vary with the species of
visiting ant, with the defensive tactics of the associated herbivores, as well as
with the plant species. We discuss the results obtained for different cerrado
plant species, and suggest some promising topics for future experimental inves-
tigation.

KEY WORDS: Insecta, Hymenoptera, herbivory, mutualism, predation.

“The hypothesis of intimate mutualisticgestion of mutualistic interactions between
relations between ants and the higher plantants and plants is present in the classic works
is one of those fascinating constructions irof naturalists such as Belt (1874), Delpino
which certain gifted and imaginative bota-(1875), and Trelease (1881), at that time the
nists have rivalled the inventors of the mimsupporting evidence was based mostly on
icry hypothesis in the zoological field. Bothdetailed anatomical and/or behavioral obser-
of these constructions have been treated astions rather than experimental demonstra-
facts of the utmost value in supporting a stiltion. In fact, as shown in the opening para-
more general hypothesis - that of natural segraph quoted from Wheeler’s book on ants
lection, and both, after having been carried(see above), this theme stimulated a consid-
to extremes by their respective adherents, arrable amount of debate among early natural-
now facing the reaction that is overtakingists. Despite the wide taxonomic and geo-
Neodarwinism. Authors like Fritz Miller, graphical distributions of myrmecophilous
Schimper, Huth, Delpino, Beccari and Heimplants (Bequart 1922, Wheeler & Bequart
have marshalled a formidable array of ob-1929, Wheeler 1942), and their intrinsic bio-
servations in favor of the view that manylogical importance, it was not until about three
plants develop elaborate structures to be usedecades ago that the pioneering field studies
as lodgings by certain pugnacious ants oof Janzen (1966, 1967, 1969) provoked a
even furnish these insects with exquisite foolurst of research on ant-plant interactions by
substances, and in return for these servicescologists around the world. Since then many
are protected by their tenants from the leafexcellent experimental field studies have been
cutting ants or from other leaf-destroying ani-conducted, embracing a wide variety of ant-
mals. These observations are now being sulplant systems from many kinds of environ-
jected to critical revision by authors like ments (reviewed by Davidson & McKey
Rettig and H. von Ihering, whose attitude t0-1993).
ward the whole suject is avowedly skeptical With the exception perhaps of the so-
and reactionary. It behooves us therefore taalled harvester ants which store and consume
examine both sides of the argument and, Beeds (Beattie 1995), and the leaf-cutting ants
possible, to adopt a position which will favorwhich may severely defoliate both native and
and not forestall further investigatidn cultivated plants (Vander Meer et al. 1990),

(William M. Wheeler, 1910) many ant taxa are known to maintain faculta-
tive or obligate mutualisms with many spe-

The natural history of ant-plant associacies of angiosperms from different families
tions has attracted the attention of biologistésee Bentley 1977, Buckley 1982, Koptur
around the world for nearly two centuries.1992, Holldobler & Wilson 1990, Schupp &
During this time it became evident that ant$~eener 1991, Davidson & McKey 1993).
and plants can affect each other’s lives in diExperimental field studies have shown that
verse and complex ways. Although the sugplants may benefit from interacting with ants
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in basically five ways (after Beattie 1985): (1)lipids, and vestigial amounts of other organic
the ants protect the plant against herbivoregompounds (Bentley 1977, Baker & Baker
(2) the ants promote the growth and survival 975, 1983).
of the host plant by pruning foliage of  Extrafloral nectaries are widely distributed
neighboring plants; (3) the ants feed the plaramong the angiosperms of both tropical and
with essential nutrients; (4) the ants dispersgeemperate regions, although they are more
seeds and fruits; (5) the ants pollinate the plantommonly found in the flora of tropical ar-
In exchange for these services, ant-associateds. Quantitative floristic surveys from nine
plants usually produce two main rewards fodifferent cerrado areas in the States of Sdo
the ants — nest site and/or food. Paulo (Oliveira & Leitéo-Filho 1987) and
Research on ant-plant interactions haMato Grosso (Oliveira & Oliveira-Filho
developed enormously in the past decade4991) showed that EFNs are particularly com-
and the recent literature is rich in studies dealmon amongst the woody flora (shrubs and
ing with a diversity of aspects underlying suchtrees) of this vegetation type (Table 1). A to-
associations both in temperate and tropicahl of 44 EFN-bearing species from 17 fami-
habitats. The current state of the knowledgkes were sampled in the cerrados of S&o Paulo
in this field can be assessed in the excellend Mato Grosso. The plant families most
reviews by Beattie (1985), Jolivet (1986),frequently having EFNs are the Mimosaceae
Hélldobler & Wilson (1990), Koptur (1992) (7 species), Bignoniaceae (6 species) and
and Davidson & McKey (1993). Vochysiaceae (5 species). Nectaries associ-
In the present paper we are mostly conated with vegetative parts such as leaves and
cerned with the facultative associations instem were much more common (41 of 44) than
volving ants and plants bearing extrafloralthose located near the bud or flower (7 of 44;
nectaries, and their effects on the associateste Table 1).
insect herbivores. We will provide a review Data on proportion and abundance of
of the data gathered during the past fifteeplant species bearing EFNs in the woody flora
years in the cerrado vegetation of Brazil, an@f the nine surveyed cerrado areas of S&o
suggest some promising topics for future rePaulo and Mato Grosso are summarized in
search in the area. Table 2. EFNs were present in 15-22% of the
species sampled in the cerrado areas of S&o
The Taxonomic Distribution and Abun- Paulo, with local abundances ranging from 8
dance of Extrafloral Nectaries to 20% of tlple Woggy)individuals (Ogveira &
i ; Leitdo-Filho 1987). In Mato Grosso,
in Cerrado Vegetation nectariferous species comprised 21-26% of
Extrafloral nectaries are nectar-secretin r;etr?:rghprlﬁgsﬂg;?j ?rrgég?gggpézg f(%lﬁ/ze]?;?
organs not directly involved in poliination, Oliveira-Filho 1991). In general the values

although they may occur near the errOduC(')btained in cerrado areas (Table 2) are higher

tive parts of the plant (Bef.“'ey 1977). Suc,qhat those from temperate habitats, and tend
glands are extremely variable morphologiyg sypport the contention that EFNs are more
cally and anatomically, being found on virtu-common in tropical than in temperate floras
ally all above-ground plant parts such as thgsee also Bentley 1977, Keeler 1979a, b, 1980,
leaf blade, petiole, rachis, stipules, stemjggia, b, Pemberton 1988, Schupp & Feener
bracts, sepals, petals, fruits, and cotyledons991, Coley & Aide 1991, Morellato &
(Bentley 1977, Elias 1983, Oliveira & Leitdo- Oliveira 1991, Koptur 1992).

Filho 1987, Koptur 1992, Morellato &

Oliveira, 1994). Chemical analyses of the Ants, Extrafloral Nectaries, and the
extrafloral nectar secreted by different plant Protectionist Hypothesis

taxa have revealed that the aqueous solution

may contain sugars, amino acids, proteins, Ants outnumber all other terrestrial ani-
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Table 1. Plant species bearing extrafloral nectaries in cerrado vegetation. Data are based
on surveys of woody plants conducted by Oliveira & Leitao-Filho (1987) in five cerrado areas
in the state of Sao Paulo, and by Oliveira & Oliveira-Filho (1991) in four areas in the state of
Mato Grosso. Only shrubs and trees with a basal trunk diameter of at least 3 cm were included
in the surveys.

Plant species Site of nectary Plant species Site of nectary
BIGNONIACEAE
Arrabidaeabrachipoda leaf blade MARCGRAV'ACEA_E .
Cybistax antisyphillitica leaf blade Norantea guianensis leaf blade
Jacaranda cuspidifolia leaf blade MimosAcEAE
Tabebuia aurea leaf blade Anadenantera falcata rachis
Tabebuiacaraiba leaf blade Enterolobium gummiferum rachis
Tabebuiaochracea leaf blade Inga uruguensis rachfs
BOMBACACEAE Inga heterophylla rachis
Eriotheca gracilipes petiole Mimosa xanthocentra rachis
CAESALPINACEAE Plathymenia reticulata rachis
Bauhinia rufa intrastipular trichomes Stryphnodendron adstringens rachis
Cassia rugosa rachis Stryphnodendron obovatum rachis
Cassia speciosa rachis Stryphnodendron polyphyllum  rachis
CARYOCARACEAE MYRSINACEAE . '
Caryocar brasiliense calyx Rapanea guianensis leaf blade
CHRYSOBALANACEAE Rapanea lancifolia leaf blade
Hirtella gracilipes leaf blade OCHNACEAE _ .
Hirtella hoehney leaf blade Ouratea castanaefolia stipules
Licania humilis leaf blade Ouratea hexasperma stipules
COMBRETACEAE Ouratea spectabilis stipules
Terminalia argentea petiole Rosaceae )
Terminalia brasiliensis petiole Prunus sellowii leaf blade
Terminalia fagifolia petiole Rusiaceae o
Terminalia subsericea petiole Tocoyena brasiliensis calyx
EBENACEAE Tocoyena formosa calyx
Diospyrus coccolobifolia leaf blade VERBENACEAE
EUPHORBIACEAE Aegiphila Ihotzkiana leaf blade
Hieronyma alchorneoides leaf blade Aegiphila sellowiana LEAF BLADE
Richeria grandis petiole VOCHY_S'ACEAE ‘
LYTHRACEAE Callisthene fasciculata stem
Lafoensia paccari leaf blade Qualea dichotoma stem, pedicel
MALPIGHIACEAE Qualea grandiflora stem, pedicel
Heteropteris acutifolia leaf blade Qualea mult|f|ora stem, ped!cel
Heteropteris byrsonimifolia leaf blade Qualea parviflora stem, pedicel

mals (Wheeler 1910) and the colonies of somihese insects may account for nearly 70% of
species may contain over 20 million individu-the individual arthropods found on the forest
als (Wilson 1971). The dominance of ants iganopy (Tobin 1991). The diversity of arbo-
particularly conspicuous in tropical habitatsreal ants in tropical localities is equally im-
such as the Amazonian rain forests, wherpressive — a single tree in a Peruvian Ama-



Junho, 1998 An. Soc. Entomol. Bragdlr(2) 165

Table 2. Occurrence and abundance of woody plants with extrafloral nectaries in cerrado
areas of Sdo Paulo and Mato Grosso.

Area No. of species Percentage with Percent cover of
sampled EPNs sampled plants with EFNs
Sao Pauld
Itirapina 117 15.4 17.5 (879/5029)
Sao Siméo 65 20.0 18.6 (426/2295)
Mogi-Guacu 104 20.2 20.3 (1920/9435)
Moji-Mirim 103 16.5 15.1 (479/3167)
Luis Antonio 64 21.9 7.6 (262/3428)
Mato Grossb
Cerrado site 1 64 23.4 28.1 (157/559)
Cerrado site 2 47 25.5 31.2 (74/237)
Cerrado site 3 68 20.6 27.6 (421/1524)
Cerrado site 4 30 23.3 21.6 (39/181)

2After Oliveira & Leitdo-Filho (1987), based on floristic surveys from: Giannotti and Leitéo
Filho (1979) (ltirapina); UNICAMP’s Graduate Program in Ecology (S&do Siméo); @ibbs
al. (1983) (Mogi-Guacu); Toledo Filhet al.(1984) (Moji-Mirim); Toledo Filho (1984) (Luis
Antonio).

bAfter Oliveira & Oliveira-Filho (1991).

zon forest may host 43 ant species, which ifact, during the past few years ants visiting
comparable to the ant fauna occurring in alEFNs have been demonstrated to increase
of the British Isles (Wilson 1987). Such aplant fitness by deterring leaf herbivores
remarkable dominance of ants on plant foli{Koptur 1979, Stephenson 1982, Smiley
age in tropical habitats may suggest that a large985), flower herbivores (Schemske 1980,
part of their diets is comprised by plant-deHorvitz & Schemske 1984, Rico-Gray &
rived food resources, as for example planThien 1989), and seed predators (Inouye &
nectar (Tobin 1991, Rico-Gray 1993). In fact,Taylor 1979, Picket & Clark 1979). Protec-
as reported above, plants bearing extrafloralon by ants, however, is not universal and
nectaries are very common in tropical envithere are also studies showing that ants may
ronments, and although they attract a varietyot benefit EFN-bearing plants (O’Dowd &
of nectar-feeding insects, ants are by far th€atchpole 1983, Heads & Lawton 1984,
most frequent visitors of these glandswhalen & Mackay 1988, Rashbroek al
(Oliveira & Brandao 1991). 1992).

Although the controversy on the adaptive  Since extrafloral nectar is a generalized
significance of extrafloral nectaries (hereaffood source which attracts a wide diversity of
ter EFNSs) exists for over a century, numerouant taxa (Oliveira & Brand&do 1991), the mu-
experimental field studies have providedtualism between the ants and the plant is usu-
strong evidence supporting the so-called “proally non-specialized and of a facultative na-
tectionist hypothesis” (Brown 1960, Bentleyture (Schemske 1983, Addicott 1984). There-
1977). According to this view, ant visitationfore the outcome of such EFN-mediated
to EFNs is beneficial to the plant because theutualistic associations may vary with fac-
ants’ predatory and/or aggressive behaviaiors such as time and habitat type, aggressive-
toward herbivores reduces significantly theness of ant associates, and the ability of her-
damage caused to the plant by the latter. Ibivores to overcome ant predation (Koptur
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1992, and included references). lepidopteran secretions) have already been
reported by several authors, and its possible
Ant Assemblages at Extrafloral Nectaries that such a temporal segregation of foraging
in Cerrado Vegetation activities ultimately reduces interspecific com-
petition among the ants (Hill & Blackmore
The ant fauna associated with EFNs ha$980, Hdolldobler 1986, Klotz 1984, Oliveira
been quantitatively surveyed on three plan& Brand&o 1991, DeVries 1991, Oliveied
species typical of cerrado vegetatiQualea al. 1995).
grandiflora (Vochysiaceae)Caryocar
brasiliense(Caryocaraceae) anduratea Ants as Anti-Herbivore Agents of Plants
hexaspermgOchnaceae). Table 3 summa- with Nectaries: The Evidence
rizes the ant genera in each subfamily and the in Cerrado Vegetation
number of species per genus recorded on each
of the three plant species. The subfamilieExperiments with Qualea spp. (Vochy-
Formicinae and Myrmicinae were the bessiaceae).The first attempt to test the poten-
represented at EFNs. The formicine genusal of ants as anti-herbivore agents of nectary
Camponotugpresented a higher number ofplants in cerrado vegetation was performed
species visiting EFNs than the remaining gerby Oliveira et al. (1987) with Qualea
era recorded on each of the plants censusegdandiflora, a tree species that bears paired
(Table 3; see also Oliveira & Brandao 1991EFNs along the stems, next to the insertion of
Oliveiraet al. 1995). leaves. The results showed that EFNs are im-
The ant censuses conducted on shrubs pbrtant promoters of ant activity o@.
Caryocar brasiliense and Ouratea grandiflora leaves. Frequency of ant
hexaspermahowed that the ants activelyaccupancy (i.e proportion of plants being
collect extrafloral nectar on the plants bothvisited by ants) and mean number of ants per
day and night (Fig. 1). The species composplant were shown to be much higher @n
tion of the principal ant visitors, however, grandiflorathan on neighbouring plants with-
changes markedly from one period to theut EFNs. Moreover, using live workers of
other. The diurnal ant fauna at EFNs othe termite Armitermes euamignathus
Caryocar is dominated by the ants (Termitidae) as baits for ants on experimen-
Zacryptocerus pusilluglug), Camponotus tal plant pairs, Oliveirat al. (1987) demon-
crassusandC. aff. blandus while the species strated that: (1) ant visitors to EFNs do attack
Camponotus rufipe@-abricius),C. palles- and remove the termites from leavesQf
censMayr andC. renggeriEmery are the most grandiflora; (2) increased ant densitiesQn
frequent nocturnal visitors (Fig. 1). A verygrandifloraresult in many more termites be-
similar pattern was observed with the princiing attacked by foraging ants on this species
pal ant visitors of the EFNs @uratea(Fig. than on neighbouring plants lacking EFNSs; (3)
1). A detailed account of the ant faunas ass@ut of 12 ant species recorded attacking the
ciated with the EFNs o€Caryocarand termites, three common and aggressive
Ourateais given by Oliveira & Branddo Camponotuspecies. rufipes C. crassus
(1991) and Oliveirat al (1995), respectively. andC. aff. blandug clearly showed the great-
Different ant species frequently have dis-est potential for herbivore deterrence, together
tinct humidity and temperature preferencesaccounting for 87% of the termites attacked
especially in tropical habitats, which may re-on leaves of). grandiflora Although these
sult in the segregation of the daily foragingresults strongly suggest that visiting ants to
schedules by sympatric ant species (LevinggFNs would deter potential herbivores in the
1983, Torres 1984). Ant species replacementserrado, they were based on experiments with
at long-lasting liquid food sources (i.e.,live termites used as simulated herbivores.
extrafloral nectar, homopteran honeydewTherefore additional experiments were
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needed in order to demonstrate that visitatioimsect herbivores of the plant (Oliveira 1997).
by ants would in fact reduce herbivore dam- Shrubs ofC. brasilienseare more fre-
age toQ. grandiflora. A second field experi- quently visited by ants than neighbouring
ment with trees df. grandiflorawas carried plants without EFNs. Moreover, visiting ants
out to test this hypothesis. attack and remove live insects which they find
Costeet al (1992) compared the levels ofon the plant’s foliage, especially near the
herbivore damage to leaves of 15 pairs oEFNs. The results of the ant-exclusion experi-
experimenta. grandifloratrees. An experi- ments withCaryocarshrubs are summarized
mental plant pair consisted of two neighbourbelow for five principal associated herbivores
ing Q. grandifloratrees, each being randomly (see also Oliveira 1997):
assigned as either a control or treatment plant. Eunica bechinaTalbot (Lepidoptera:
Ants had free access to control plants but wefdymphalidae) - eggs are laid singly on young
impeded from climbing onto treatme@ leaves and shoot tips, and the larvae feed pref-
grandifloratrees by the application of a sticky erentially on young leaves (Oliveira & Freitas
barrier to the base of their trunks (15 cm abov&991; Freitas & Oliveira 1992). Foraging ants
ground). Results showed that, after twado not destrofunicaeggs, but may prey and
months of exposure to herbivores, ant-exremove the caterpillars from the plant. Ant-
cluded trees suffered significantly higher lev-excluded plants are significantly more infested
els of leaf damage Wyompsolechiaaterpil- by eggs and larvae &. bechinaand adult
lars (Lepidoptera: Gelechiidae) than ant-visbutterflies visually avoid ovipositing on plants
ited control plants (Costa et al. 1992). Fieldvith high levels of ant visitation (Freitas &
observations indicated that foraging ants visOliveira 1996);
iting Qualeds EFNs did in fact attack the cat-  Edessa rufomarginatéDe Geer) (Hemi-
erpillars on the leaves of control plants. ptera: Pentatomidae) - adults mate on the
It remained to Del-Claret al. (1996) to plant, and egg batches consist of 6-14 eggs.
unequivocally demonstrate that ant visitatiorNymphs and adults feed on buds and fruits.
to Qualeacan increase plant fitness in theForaging ants prey on nymphs, and disturb
cerrado by limiting herbivore damage tonymphs and adults when these are feeding or
leaves, buds and flowers @f. multiflora  walking on the plant. Plants without ants have
These authors showed that herbivore detemcreased numbers of hemipteran eggs;
rence by visiting ants increases in 40% the Prodiplosis floricola (Felt) (Diptera:
fruit set of controlQ. multifloratrees as com- Cecidomyiidae) - females oviposit on devel-
pared to ant-excluded trees. oping buds which are destroyed by the lar-
vae. High ant densities near the EFNs disturb
Experiments with Caryocar brasiliense ovipositing flies. Ant-excluded inflorescences
(Caryocaraceae)Caryocar brasiliensés a have a significantly greater proportion of buds
typical plant of the Brazilian cerrados, locallyinfested by the dipterans as compared to in-
known as “pequizeiro” through most of itsflorescences with free ant access;
distribution. The plant has EFNs on the outer Unidentified stem-galling wasp (Hy-
surface of the bud sepals and at the margimaenoptera: Chalcidoidea) - wasps induce galls
of shoot tips (Oliveira & Leitdo-Filho 1987). on the stem. Heavily attacked branches are
Systematic censuses of the associated adéprived of leaves and reproductive organs.
fauna (see above) revealed that the plant Iatense ant traffic along the stem, which is the
actively visited by ants both day and nightmain route to the EFNs, probably disturbs
(Oliveira & Brandao 1991). Results from aovipositing wasps. Ant-excluded plants had
3-year study in the cerrado area of Itirapindigher infestation levels by stem-galling
(S&o Paulo) revealed that ant visitation tavasps;
EFNs ofC. brasiliensecan markedly affect Unidentified leaf-galling wasp (Hymenop-
the infestation levels by most of the principaltera: Chalcidoidea) - wasps induce galls over
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Figure 1. Daily turnover in species compositon of the principal ant visitors to the extrafloral
nectaries ofCaryocar brasiliensdleft) in a cerrado area of Itirapina (SP), &Ddratea
hexaspermdright) in a cerrado area near Brasilia (DF). A total of 27 ant species were re-
corded during censuses @aryocar, and 24 orDuratea Data are expressed as the percent
occurrence of each species during diurnal and nocturnal censuses on each plant species. See
also Oliveira & Brandao (1991) and Oliveigal. (1995).

the leaf blade. Heavily attacked leaves falperimental plants (Oliveira 1997).
prematurely. Ants have no effect on the infes- Contrary taQualeamultiflora trees which
tation levels by leaf-galling wasps. produce many dry ‘cheap’ fruits with 10 to
The experimental study withC. 18 wind-dispersed seeds (Del-Clabal
brasiliensedemonstrated that ant visitation t01996), C. brasilienseshrubs produce 1 to 4
EFNs significantly decreases the infestatioffleshy ‘expensive’ fruits containing 1 to 4
levels by four out of five of the principal her- large vertebrate-dispersed seeds (Gottsberger
bivores associated with this cerrado plant spe& Silberbauer-Gottsberger 1983). Since
cies. However, as opposed to the findings oferrado soils are characteristically poor (Eiten
Del-Claroet al (1996) withQualea multifliora  1972) and the lack of soil nutrients is known
(see above), such a deterrent effect by the artts negatively affect final fruit set in plants
does not affect the reproductive outpuCof (Stephenson 1981), it is reasonable to sup-
brasiliense Although flower and initial fruit pose that the low fertility of cerrado soils could
production was significantly greater on ant-constrain the ability ofCaryocar shrubs to
visited than on ant-excluded shrubs ofrovide the resources necessary for growth
Caryocar, higher abortion rates of initial fruits and development of their heavy fleshy fruits.
by ant-visited plants resulted in similar finalCompetition among developing fruits and
fruit and seed sets for both categories of exsubsequent abortion would therefore neutra-
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lize the initial higher production of flowers ple in some ant-tended homopterans and but-
and fruits by ant-visite€aryocarshrubs as terfly larvae (Mallicky 1971, Atsatt 1981,
compared to ant-excluded ones (OliveirdBuckley 1987, Del-Claro & Oliveira 1996).
1997). Although this hypothesis needs further Most experimental studies on the interac-
confirmation with soil-enrichment experi- tion between ants and EFN-bearing plants
ments (see Willson & Price 1980), resourcénave focused on the protective role of the ants
limitation has already been suggested to afigainst the plant’s associated herbivores and
fect other ant-plant systems (Kelly 1986 the consequences of such protection, if any,
Folgarait & Davidson 1994). on the plant’s reproductive output (reviewed
Finally, although herbivore deterrence byby Koptur 1992). It is surprising that such ant-
visiting ants does not affect the reproductiveplant systems have rarely been studied from
output ofCaryocarshrubs in the cerrado, antthe herbivore’s standpoint (but see Heads &
visitation to EFNs may still be advantageoud.awton 1985). Although a few studies have
for the plants if (see Oliveira 1987): (1) thealready examined the effects of ant interfer-
ants protect the plant’s vegetative tissues duence on butterfly biology and behavior, most
ing plant growth; (2) the plant’s attractivenesof the data is descriptive rather than experi-
to bat pollinators is increased by a large flomental (Brown 1981, Turner 1981, Smiley
ral display (Augspurger 1980, Gribel & Hay 1985, 1986).
1993); (3) a surplus number of hermaphro- Recent field experiments with the butter-
ditic flowers increases male contribution tofly E. bechinaon shrubs o€. brasiliensén-
fithess through pollen donation (Willson & vestigated how ant visitation patterns to this
Price 1977); (4) a surplus number of initialnectary plant can affect the behavioral bio-
fruits and seeds allows the plant to selectivelfogy of both immature and adi#unica Re-
abort genetically inferior progeny (Janzersults can be summarized as follows (see also
1977). Freitas & Oliveira 1992, 1996Funicacat-
erpillars feed on young leaves Garyocar
Ant Foraging on Extrafloral Nectaries and larval mortality is strongly dependent on
and its Effects on the Behavioral the level of ant visitation to the host plant.
Biology of Insect Herbivores Larvae feeding on highly visited plants have
an increased risk of ant predation. Vulnerabil-
Ants comprise an important component ofty to ant predation, however, decreases with
the insect fauna found on the plant surfacdarval size. Stick-like frass chains constructed
especially on plant species producing foodby the larvae at leaf margins were demons-
rewards such as extrafloral nectar (Oliveirdrated to be a safe refuge against attacks by
& Brandéo 1991). As we have seen, herbivforaging ants o€aryocar Butterfly eggs are
ore deterrence on such plants results from theot removed by ants, but the oviposition
ants’ predatory and/or aggressive behavidbehavior ofEunicais strongly affected by the
near the nectar source (Bentley 1977). Phyevel ant visitation to the plantEunicafe-
tophagous insects exploiting ant-visited plantsnales visually avoid ovipositing on highly
must cope with the threat of ant predation ovisited plant locations — branches with arti-
ant-induced injuries, and many of such herficial rubber ants were less infested by but-
bivore species have developed an array aérfly eggs than control branches with rubber
mechanisms to circumvent the ants’ deterringircles. These data show that ant visitation
capacities on their host plants (Janzen 196patterns orCaryocarshrubs strongly affect
Koptur 1984, Heads & Lawton 1985, Costathe behavior of both immature and adult
etal 1992). One of these mechanisms involv&unicg and provide the first demonstration
the secretion by the insect herbivore of swed¢hat egg-laying decisions by a non-
appeasing substances which decrease the rigskrmecophilous butterfly can be influenced
of ant attacks on the host plant, as for exanby ant presence on the host plant (see also
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