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Phenological relationships of Eunica bechina (Lepidoptera: Nymphalidae) and its host plant,
Caryocar brasiliense (Caryocaraceae), in a Neotropical savanna
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Herbivorous insects frequently fluctuate numerically throughout the year in response to variation in the availability
and quality of plant resources. Here, we investigate the phenological relationship between the butterfly E. bechina
and its host plant C. brasiliense in the Brazilian cerrado savanna. Abundance of E. bechina immature stages
followed the temporal pattern of leaf production by the host plant, with increased numbers in the beginning of
the rainy season (September—November). Ant visitation to extrafloral nectaries of C. brasiliense also increased in
the humid period, following the production of new leaves and flower buds. Ant abundance, however, apparently
had no major effect on the temporal occurrence pattern of Eunica immatures on host plants. Nevertheless, recent
data on antagonistic and mutualistic ant-butterfly interactions have revealed that ants do affect host plant choice
by butterflies in the ant-rich cerrado savanna. Future investigation in insect seasonality in cerrados should take
into account not only climate and plant phenology, but also direct and indirect effects at the ant—plant-herbivore
interface.
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Introduction

Populations of herbivorous insects frequently fluctuate
numerically throughout the year in response to
variation in the availability and quality of the
plant resources on which they feed (Price 1997).
In tropical environments, such fluctuations are
normally associated with rainy and dry periods
(Marquis et al. 2002). Because young nutritious leaves
are produced mainly in the rainy season, this is
usually the period more favorable for the growth and
reproduction of most herbivorous insects (Janzen &
Schoener 1968; Wolda 1978, 1988).

In the Brazilian cerrado savanna, the butterfly
Eunica bechina (Hewitson 1852) (Nymphalidae:
Biblidinae) uses the common shrub Caryocar
brasiliense Camb. (Caryocaraceae) as host plant
(Oliveira & Freitas 1991). Females oviposit on shoot
tips and young leaves of C. brasiliense on which the
larvae feed, whereas adults feed on rotting fruits and
fermenting plant sap of many plant species (Freitas &
Oliveira 1992).

Caryocar brasiliense sheds leaves in the dry season;
new leaves and flowers are produced in the beginning
of the rainy season (Araujo 1995; Leite et al. 2006;
Silva & Oliveira 2010). Young leaves and floral buds
bear extrafloral nectaries (EFNs) that are visited day

and night by numerous ant species (Figure 1A, B)
that patrol the plant and decrease infestation levels by
several insect herbivores including E. bechina (Oliveira
& Brandao 1991; Oliveira 1997). Although E. bechina
eggs are ignored by foraging ants, the larvae can
be attacked and killed on host plants (Figure 1C-F;
Freitas & Oliveira 1992, 1996). Females preferentially
oviposit on plants without ants, and were recently
shown to distinguish between aggressive and innocu-
ous ant species when these co-occur on a plant
(Sendoya et al. 2009).

The close relationship between specialist herbi-
vores and their host plants makes insect popula-
tions strongly affected by plant phenology (Janzen
1993; Morais et al. 1999; Silva & Oliveira 2010).
Myrmecophilous plants may produce extrafloral nec-
tar that promotes visitation by aggressive ants in
periods of high vulnerability to herbivores, such as
during leaf flushing and reproduction (Rico-Gray &
Oliveira 2007 and included references). Accordingly,
climate may influence plant phenology, which in
turn affects both herbivore and ant activity (Diaz-
Castelazo et al. 2004). Although it is widely accepted
that seasonal cycles of tropical herbivores are asso-
ciated with plant phenological patterns, few studies
have linked these parameters with the activity of
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Figure 1. (Color online) A, Cephalotes and Camponotus ants visiting extrafloral nectaries (EFNs) on buds of Caryocar
brasiliense; B, Pheidole sp. ant visiting EFNs on young leaves of C. brasiliense; C, workers of Pachycondyla villosa attacking
fourth-instar of Eunica bechina; D, E. bechina egg; E, E. bechina larva hanging by a silk thread after attack by a large ant on
a leaf; F, E. bechina larva resting on a frass chain; G, E. bechina adult male. Photographs (B, D) courtesy of H. Soares Jr., (F)
courtesy of S. F. Sendoya.
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their natural enemies (see Bentley 1977; Janzen 1993;
Marquis et al. 2002).

In the current study we investigate the phenological
relationship between E. bechina and its host plant C.
brasiliense in cerrado savanna, taking into account the
presence of predaceous ants attracted to the plant’s
EFNs and their possible effect on the pattern of host
plant use by the butterfly.

Materials and methods
Study site

Fieldwork was carried out during 2009 and 2010 in
a reserve of cerrado savanna in Itirapina, Sao Paulo,
southeastern Brazil (22°15" S, 47°49" W). The veg-
etation consists of a scrub of shrubs and trees,
which corresponds to the cerrado sensu stricto phys-
iognomy (Oliveira-Filho & Ratter 2002), and the
density of Caryocar brasiliense shrubs reaches up
to 300 individuals/ha (Oliveira 1997). A hot and
rainy season occurs from October to March (spring—
summer), and a cool and dry season from April
to September (fall-winter). Temperature and rainfall
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data during the study period were obtained from the
reserve’s climatological station (see Figure 2).

Phenological patterns of Eunica bechina immature
stages and Caryocar brasiliense

Comparative data on the abundance of E. bechina
immature stages and the host plant C. brasiliense
were collected between November 2009 and October
2010 along a trail in the cerrado savanna (600 m long).
This dataset was further complemented with previous
phenological data recorded between August 1986 and
July 1987 (Oliveira 1988).

Fifty shrubs of C. brasiliense (0.5-1.0 m tall)
were tagged and monitored weekly. The number of
young and mature leaves and the presence of floral
buds, flowers, and fruits were recorded in each visit.
The number of E. bechina eggs and larvae on plants
were recorded from January to October 2010. From
August 1986 to July 1987, the presence of E. bechina
immatures and the phenology of the host plant
were recorded every 2 weeks for 80 tagged shrubs
(0.5-1.0 m tall; Oliveira 1988).
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Figure 2. Climatic diagram at the Itirapina region in southeastern Brazil, from November 2009 to October 2010. Average
temperature: 21.7°C; total rainfall: 1566 mm. Dotted = dry periods, hatched = humid periods, black = superhumid periods.

Format following Walter (1985).
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Butterfly sampling

Adult E. bechina (Figure 1G) were sampled weekly
from November 2009 to October 2010 using 20 fruit-
feeding butterfly traps suspended 1.0-1.5 m above the
ground, and baited with a standard mixture of mashed
banana with sugar cane juice, fermented for at least
48 h (see DeVries 1987; Uehara-Prado et al. 2005).
Traps were placed along five transects 30 m apart from
each other; four traps were placed at a distance of
30 m from each other within each transect. Adults of
E. bechina were individually numbered on the under-
side of both forewings with a black permanent felt-
tipped pen and released. This procedure prevented us
from recounting the same butterfly within a sampling
period.

Ant censuses

Ant censuses were performed on 40 tagged C.
brasiliense shrubs from September to November 1986.
At each plant 20 seconds were spent recording the
number of ant workers from different species; plants
were monitored once per month and ants visiting
EFNs were recorded at four different times: 08:00,
14:00, 20:00, and 02:00 h (Oliveira 1988, Oliveira &
Brandao 1991).

Results

Occurrence of adults and immatures of E. bechina
are illustrated in Figure 3. In the 2009-2010 sam-
pling period, no clear temporal pattern was observed
for eggs, but larvae increased consistently from
August to October; adults were captured only from
February to April, and later in September and October
(Figure 3A). In the 1986-1987 sampling period, lar-
vae and eggs were not present in August but were
abundant in September, decreasing steadily towards
January (Figure 3B).

Leaf phenology was similar in the 1986-1987 and
2009-2010 study periods, with a maximum num-
ber of leaves from November to January and a
minimum from July to September (Figure 4A, B).
In 2009-2010 leaves were produced all year round;
young leaves were rare most of the year and increased
markedly in September and October (Figure 4A).

Both in the 1986-1987 and 2009-2010 study peri-
ods, occurrence of EFNs on plants was more pro-
nounced from August to November (Figures 3, 4B).
Ant visitation to plants increased markedly in October

and November, following the production of new leaves
and flower buds (Figures 3B, 4B).

Discussion
Phenological relationships

In tropical habitats insects are usually more limited by
biotic than by abiotic factors (Denlinger 1986), and
populations of herbivorous insects may be regulated
by the availability of the plant tissues on which they
feed (Wolda 1978, 1988). Indeed, in both observation
periods the abundance of E. bechina immatures fol-
lowed the temporal pattern of leaf production by the
host plant. A similar pattern has been recorded for the
pentatomid Edessa rufomarginata, which also feeds on
C. brasiliense phloem in the same study area (Silva &
Oliveira 2010), and for other insect groups in the cerra-
dos (Marquis et al. 2002) and elsewhere in the tropical
region (Wolda 1978; Frith & Frith 1985; Braby 1995a).

Although abundance of lepidopteran larvae has
been recorded to peak in the mid dry season in cerrado
(Morais et al. 1999; Rodovalho et al. 2007), this is not
the case for E. bechina, which feeds only on young
leaves that are abundant in the early rain season (see
also Oliveira & Freitas 1991).

The role of parasitoids in regulating lepidopteran
populations has been documented in several tropi-
cal habitats (Price et al. 1980; Brown 1992). Indeed,
Campos et al. (2006) observed a lepidopteran pop-
ulation in southeastern Brazil to oscillate even with
abundant larval resources present year round, due to
migration and parasitoid attack. Although parasitoids
could play some role in the abundance patterns of
E. bechina, our data suggest that resource availability
is a key factor explaining the temporal variation in the
abundance of E. bechina immatures.

Many tropical insects undergo a “reproductive dia-
pause” and remain relatively inactive during the dry
season (Janzen 1973; Salomao & Vasconcellos-Neto
2010), including butterflies of other savannas (Braby
1995b). Even though a reproductive diapause is the
most likely explanation for the temporal pattern of

»
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Figure 3. A, Occurrence of Eunica bechina from November 2009 to October 2010 in an area of cerrado savanna at Itirapina,
southeastern Brazil. Bars indicate the percentage of egg (white) and larva (gray) observations on 50 Caryocar brasiliense shrubs.
Butterfly icons indicate number of trapped adults. The external thick line highlights months of high presence of extrafloral
nectaries on shoot tips and flower buds. Eggs and larvae were not counted in November and December. B, Temporal occurrence
of E. bechina immatures and ants on C. brasiliense at Itirapina, from August 1986 to January 1987. Bars show the percentage of
observations of butterfly eggs and larvae on 80 tagged shrubs. Ant data are mean number of workers on 40 plants. The upper
horizontal thick line highlights months of high presence of extrafloral nectaries on shoot tips and flower buds.
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Figure 4. A, Mean number of leaves per Caryocar brasiliense shrub from November 2009 to October 2010 (n = 50), and from
August 1986 to January 1987 (n = 80) in an area of cerrado at Itirapina, southeastern Brazil. B, Percentage of young and mature
leaves of C. brasiliense shrubs (n = 50), from November 2009 to October 2010. The upper horizontal thick line highlights months
of high presence of extrafloral nectaries on shoot tips and flower buds.

occurrence that we observed, we have no evidence that
this process occurs in E. bechina based on present data.
This strategy is only possible if adults are relatively
long-lived, as they must survive for about three months
during which time larval resources are low. Because

adult E. bechina were not recaptured, we cannot esti-
mate their life-span, but fruit-feeding butterflies can be
very long-lived (e. g. Molleman et al. 2007) and we
did recapture other Biblidinae in the same area three
months after marking individuals (Muniz 2010).
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Relationship with ants

In periods of high vulnerability to insect herbivory,
ant-visited plants frequently secrete food rewards that
attract pugnacious ants whose aggressive behavior
towards herbivores reduces plant damage (Bentley
1977; Koptur 2005; Rico-Gray & Oliveira 2007).
Caryocar brasiliense is intensively visited day and
night by over 30 ant species that actively search
for extrafloral nectar on shoot tips and floral buds
(see Oliveira & Branddao 1991), and rates of ant
visitation are especially high in the beginning of
the rainy season when FEunica immatures are most
abundant.

Allocation of extrafloral nectar to periods of pro-
duction of young leaves and flowers reduces infesta-
tion by four different herbivores, including E. bechina,
due to intense ant visitation (Oliveira 1997). Eunica
bechina larvae, however, developed several morpho-
logical and behavioral mechanisms to diminish ant-
induced injury and predation on Caryocar (Figure 1E,
F; see Freitas & Oliveira 1992; Oliveira & Freitas
2004). In addition, the specialization on such a risky
ant-defended plant has also resulted in discriminatory
behavior by egg-laying females in the search for less
vulnerable oviposition sites (Freitas & Oliveira 1996;
Sendoya et al. 2009).

Recent research and the present study on Caryocar
illustrate how the combination of biotic and abiotic
factors may explain the seasonal pattern of occur-
rence of a tropical insect. In this case, plant phenology
apparently has a strong influence in the year-round
pattern of occurrence of Eunica immature stages on
host plants. Behavioral data from antagonistic and
mutualistic ant-butterfly interactions revealed that
ants do affect host plant choice by butterflies in
cerrado savanna (Freitas & Oliveira 1996; Sendoya
et al. 2009; Kaminski et al. 2010). Thus, future inves-
tigation in insect seasonality in cerrados should take
into account not only climate and vegetation variables,
but also the range of direct and indirect effects at the
ant—plant-herbivore interface.

Acknowledgments

We are grateful to P. Ataide, D. Ribeiro, H. Soares Jr., R. Aguiar,
E. Barbosa, D. Henrique, M. Brito, and P. Vasconcelos for help
in the field, and H. Soares Jr. and S. Sendoya for allowing us
to use some of their photographs. We also thank the Instituto
Florestal de Sao Paulo for logistic support at Itirapina. D.G.M. was
funded by a fellowship from the Fundag¢dao de Amparo a Pesquisa
do Estado de Sao Paulo (FAPESP). A.V.L.F. was supported by
FAPESP (04/05269-9, 11/50225-3), and the Brazilian Research
Council (CNPq; 300282/2008-7, 563332/2010-7). PSO acknowl-
edges research grants from the CNPq (301853/2009-6), FAPESP
(2008/54058-1, 2011/18580-8), and the Fundo de Apoio ao Ensino,
a Pesquisa e a Extensao (FAEPEX) of the Universidade Estadual de
Campinas.

Studies on Neotropical Fauna and Environment 117

References

Araujo FD. 1995. A review of Caryocar brasiliense (Caryocaraceae),
an economically valuable species of the central Brazilian cerrados.
Econ Bot. 49:40-48.

Bentley BL. 1977. Extrafloral nectaries and protection by pugna-
cious bodyguards. Annu Rev Ecol Syst. 8:407-427.

Braby MF. 1995a. Seasonal changes in relative abundance and
spatial distribution of australian lowland tropical satyrinae but-
terflies. Aust J Zool. 43:209-229.

Braby MFE. 1995b. Reproductive seasonality in tropical satyrinae
butterflies: strategies for the dry season. Ecol Entomol. 20:5-17.

Brown KS, Jr. 1992. Borboletas da Serra do Japi: diversidade,
habitats, recursos alimentares e variagdo temporal. In: Morellato
LPC, editor. Historia natural da Serra do Japi: Ecologia e preser-
vagdo de uma area florestal no sudeste do Brasil. Campinas
(Brazil): Editora da Unicamp/Fapesp. p. 142-187.

Campos WG, Schoereder JH, DeSouza OF. 2006. Seasonality
in neotropical populations of Plutella xylostella (Lepidoptera):
resource availability and migration. Pop Ecol. 48:151-158.

Denlinger DL. 1986. Dormancy in tropical insects. Ann Rev
Entomol. 31:239-264.

DeVries PJ. 1987. The butterflies of Costa Rica and their natural
history. Princeton: Princeton University Press. 368 p.

Diaz-Castelazo C, Rico-Gray V, Oliveira PS, Cuautle M. 2004.
Extrafloral nectary-mediated ant-plant interactions in the coastal
vegetation of Veracruz, Mexico: richness, occurrence, seasonality
and ant foraging patterns. Ecoscience. 11:472-481.

Freitas AVL, Oliveira PS. 1992. Biology and behavior of the
neotropical butterfly Eunica bechina (Nymphalidade) with spe-
cial reference to larval defense against ant predation. J Res Lepid.
31:1-11.

Freitas AVL, Oliveira PS. 1996. Ants as selective agents on herbivore
biology: effects of a non-myrmecophilous butterfly. J Anim Ecol.
65:205-210.

Frith CB, Frith DW. 1985. Seasonality of insect abundance in an
Australian upland tropical rainforest. Austr J Ecol. 10:237-248.
Janzen DH. 1973. Sweep samples of tropical foliage insects: effects
of seasons, vegetation types, elevation, time of day, and insularity.

Ecology. 54:687-708.

Janzen DH. 1993. Caterpillar seasonality in a Costa Rican dry for-
est. In: Stamp NE, Casey TM, editors. Caterpillars: ecological
and evolutionary constraints on foraging. New York: Chapman
and Hall. p. 448-477.

Janzen DH, Schoener TW. 1968. Differences in insect abundance
and diversity between wetter and drier sites during a tropical dry
season. Ecology 49:96-110.

Kaminski LA, Freitas AVL, Oliveira PS. 2010. Interaction between
mutualisms: Ant-tended butterflies exploit enemy-free space pro-
vided by ant-trechopper associations. Am Nat. 176:322-334.

Koptur S. 2005. Nectar as fuel for plant protectors. In: Wéckers
FL, van Rijn PCJ, Bruin J, editors. Plant-provided food
and herbivore-carnivore interactions. Cambridge: Cambridge
University Press. p. 75-108.

Leite GLD, Veloso RVS, Zanuncio JC, Fernandes LA, Almeida
CIM. 2006. Phenology of Caryocar brasiliense in the Brazilian
cerrado region. For Ecol Manage. 236:286-294.

Marquis RJ, Morais HC, Diniz IR. 2002. Interactions among
cerrado plants and their herbivores: Unique or typical? In:
Oliveira PS, Marquis RJ, editors. The cerrados of Brazil: ecol-
ogy and natural history of a neotropical savanna. New York:
Columbia University Press. p. 306-328.

Molleman F, Zwaan BJ, Brakefield PM, Carey JR. 2007.
Extraordinary long life spans in fruit-feeding butterflies can pro-
vide window on evolution of life span and aging. Exp Gerontol.
42:472-482.



Downloaded by [UNICAMP] at 05:36 28 August 2012

118 D. G. Muniz et al.

Morais HC, Diniz IR, Silva DMS. 1999. Caterpillar seasonality in a
central Brazilian cerrado. Rev Biol Trop. 47:1025-1033.

Muniz D. 2010. Composition and seasonality of fruit-feeding but-
terflies in the cerrado savanna, with emphasis on the phenological
relationship between Eunica bechina (Nymphalidae: Biblidinae)
and its host plant Caryocar brasiliense (Caryocaraceae). [Master
Thesis]. [Campinas, Sao Paulo, Brazil]: Universidade Estadual de
Campinas.

Oliveira PS. 1988. On the interaction between ants and Caryocar
brasiliense Camb. (Caryocaraceae) in cerrado vegetation: the eco-
logical function of extrafloral nectaries. [PhD Thesis]. [Campinas,
Sao Paulo, Brazil]: Universidade Estadual de Campinas.

Oliveira PS. 1997. The ecological function of extrafloral nectarines:
herbivore deterrence by visiting ants and reproductive out-
put in Caryocar brasiliense (Caryocaraceae). Funct Ecol. 11:
323-330.

Oliveira PS, Branddao. CRF 1991. The ant community associ-
ated with extrafloral nectaries in Brazilian cerrados. In: Cutler
DF, Huxley CR, editors. Ant-plant interactions. Oxford: Oxford
University Press. p. 198-212.

Oliveira PS, Freitas AVL. 1991. Hostplant record for Eunica bechina
magnipunctata (Nymphalidae) and observations on oviposition
sites and immature biology. J Res Lepid. 30:140-141.

Oliveira PS, Freitas AVL. 2004. Ant-plant-herbivore interac-
tions in the neotropical cerrado savanna. Naturwissenschaften.
91:557-570.

Oliveira-Filho AT, Ratter. JA 2002. Vegetation physiognomies and
woody flora of the Cerrado biome. In: Oliveira PS, Marquis RJ,
editors. The cerrados of Brazil: ecology and natural history of
a neotropical savanna. New York: Columbia University Press.
p. 91-120.

Price PW. 1997. Insect Ecology. New Jersey: John Wiley and Sons.
874 p.

Price PW, Bouton CE, Gross P, Mcpheron BA, Thompson JN, Weis
AE. 1980. Interactions among three trophic levels — Influence
of plants on interactions between insect, herbivores, and natural
enemies. Annu Rev Ecol Syst. 11:41-65.

Rico-Gray V, Oliveira PS. 2007. The ecology and evolution of ant-
plant Interactions. Chicago: The University of Chicago Press.331
p.

Rodovalho SR, Laumann RA, Diniz IR. 2007. Ecological aspects
of lepidopteran caterpillar parasitoids from Caryocar brasiliense
Camb. (Caryocaraceae) in a cerrado sensu stricto of Central
Brazil. Biota Neotropica. 7:239-243.

Salomao AT, Vasconcellos-Neto J. 2010. Population dynamics
and structure of the neotropical bark bug Phloea subquadrata
(Hemiptera: Phloeidae) on Plinia cauliflora (Myrtaceae). Environ
Entomol. 39:1724-1730.

Sendoya SF, Freitas AVL, Oliveira PS. 2009. Egg-laying butterflies
distinguish predaceous ants by sight. Am Nat. 174:134-140.

Silva DP, Oliveira PS. 2010. Field biology of Edessa rufomarginata
(Hemiptera. Pentadomidae): phenology, behavior, and patterns of
host plant use. Environ Entomol. 39:1903-1910.

Uehara-Prado M, Brown KS, Freitas AVL. 2005. Biological traits
of frugivorous butterflies in a fragmented and a continuous
landscape in the south Brazilian Atlantic forest. J Lepid Soc.
59:96-106.

Walter H. 1985. Vegetation of the Earth. Berlin: Springer-Verlag.
274 p.

Wolda H. 1978. Seasonal fluctuations in rainfall, food and abun-
dance of tropical insects. J Anim Ecol. 47:369-381.

Wolda H. 1988. Insect seasonality: why? Ann Rev Entomol. 19:1-18.





