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Sección Básica

Introduction

About 23% of Brazil is covered with savanna or cerrado (Da 
Silva and Bates 2002). This region is characterized by high 
diversity of plants and insects (Bridgewater et al. 2004). This 
area is used for grain and cattle production (Aguiar and Ca-
margo 2004), as well as reforestation (Zanuncio et al. 2002). 
Caryocar brasiliense Camb., 1828 (Caryocaraceae) trees 
have a wide distribution in the Brazilian savanna (Brandão 
and Gavilanes 1992; Bridgewater et al. 2004; Leite et al. 
2006) and can reach over 10 meters in height and six meters 
in width of canopy (Leite et al. 2006, 2011a, b). The leaves of 
C. brasiliense are alternate, trifoliate and have high tricome
density; its flowers are hermaphrodite but mostly cross are
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Abstract: Caryocar brasiliense (Caryocaraceae) trees have a wide distribution in the Brazilian savanna. This plant 
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Coleoptera, and Hymenoptera and their natural enemies on C. brasiliense trees for three successive years during each 
season in the Brazilian savanna. Phytophagous insects were most abundant at the beginning of winter and with more 
species and diversity in the summer. Natural enemies were most abundant in the spring and in the winter and with high-
est species and diversity at end of the winter. Fruits bored by Carmenta sp. (Lepidoptera: Sesiidae) and Naupactus sp.3 
(Coleoptera: Curculionidae) on the leaves were highest in the summer. Fruits scraped by Naupactus sp.1 and sp.2 were 
more numerous in the spring and summer, percentage of defoliation in the autumn. Apoptus sp. (Coleoptera: Elateridae) 
on the leaves in the spring, and leaf miners (Lepidoptera) in the winter. In the case of natural enemies, Crematogaster 
sp. (Hymenoptera: Formicidae) were most abundant on the leaves and in the flowers in the winter and spring, and on the 
fruits in the spring when new leaves and flowers are formed. The number of Zelus armillatus (Hemiptera: Reduviidae), 
Holopothrips sp. (Thysanoptera: Phlaeothripidae), and the complex of spiders were greater on the leaves in the winter; 
and Trybonia sp. (Thysanoptera: Phlaeothripidae) was most abundant on the leaves in the autumn. 
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Resumen: Los árboles de Caryocar brasiliense (Caryocaraceae) tienen una amplia distribución en la sabana brasileña. 
Esta planta está protegida por las leyes federales y no se corta en las áreas deforestadas. Esta situación aumenta el daño 
a las hojas, flores y frutos por los insectos masticadores. Se estudiaron las poblaciones de herbívoros Lepidoptera, Co-
leoptera, Hymenoptera y sus enemigos naturales en los árboles de Caryocar brasiliense durante tres años consecutivos. 
Los insectos fitófagos fueron más abundantes a principios del invierno. La mayor riqueza y diversidad se hallaron en el 
verano. Los enemigos naturales fueron más abundantes en primavera e invierno, con más especies y diversidad a fines 
de invierno. Frutos dañados por Carmenta sp. (Lepidoptera: Sesiidae) y Naupactus sp.3 (Coleoptera: Curculionidae) en 
las hojas fueron más numerosos en verano. En primavera y verano las frutas atacadas por Naupactus sp.1 y sp.2 fueron 
más abundantes, el porcentaje de defoliación fue mayor en otoño. Apoptus sp. (Coleoptera: Elateridae) en las hojas en 
primavera y minadores de hoja (Lepidoptera) lo fueron más en invierno. En el caso de los enemigos naturales, Crema-
togaster sp. (Hymenoptera: Formicidae) presentó mayor abundancia en las hojas y las flores en invierno y primavera 
y en los frutos en primavera, cuando las nuevas hojas y flores se forman; Zelus armillatus (Hemiptera: Reduviidae), 
Holopothrips sp. (Thysanoptera: Phlaeothripidae), y el complejo de las arañas fueron más numerosos en las hojas en 
invierno, y Trybonia sp. (Thysanoptera: Phlaeothripidae) fue más abundante en las hojas en otoño.
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pollinated (Araújo 1995). The fruit is a drupe with 1-4 seeds, 
weighing 160g (fresh weigh) and with a volume of 315 cm3 
(Araújo 1995; Leite et al. 2006). Fruit production is annual, 
and C. brasiliense blooms between July and September, or 
dry period, with fructification from October to January which 
correspond to the rainy season (Leite et al. 2006). The inter-
nal mesocarp of the fruit is rich in oil, vitamins, and proteins 
and contains many compounds of medicinal importance. 
Moreover, it is also used by humans for food, production 
of cosmetics, lubricants, and in the pharmaceutical indus-
try (Araújo 1995; Segall et al. 2005; Ferreira and Junqueira 
2007; Garcia et al. 2007; Khouri et al. 2007). This plant rep-
resents the main source of income of many communities of 
the region (Leite et al. 2006). 
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	 Coleoptera, Lepidoptera, and Hymenoptera are the most 
abundant orders of chewing insects in the Brazilian savanna 
(Pinheiro et al. 2002; Zanetti et al. 2003; Zanuncio et al. 2003; 
Leite et al. 2007, 2009, 2011b) and as Caryocar brasiliense 
trees are protected by federal laws are left in deforested ar-
eas which increases the damage to leaves, flowers, and fruits 
from chewing insects (according to communication reported 
by the collectors of C. brasiliense fruits). Insects that damage 
this plant are poorly known, in general, only at family level 
(Araújo 1995) and only a a single pest has been formally de-
scribed (Freitas and Oliveira 1996; Oliveira 1997; Lopes et 
al. 2003; Boiça et al. 2004). 
	 Our objective was to research the seasonality of herbivo-
rous insects in the orders: Lepidoptera, Coleoptera, and Hy-
menoptera, their natural enemies, and the phenophases of C. 
brasiliense that influences them on C. brasiliense trees in 
savanna strictu sensu of Montes Claros in the state of Minas 
Gerais, Brazil. 

Materials and Methods

We conducted this study in the Municipality of Montes 
Claros (43°55’7.3”W 16°44’55.6”S and 943 masl), in the 
state of Minas Gerais, Brazil, from June 2001 to June 2004 
in a region with dry winter and rainy summer, which is clas-
sified as climate Aw: tropical savanna according to Köppen 
(Vianello and Alves 2000). The design was completely ran-
domized with 25 replicates (25 trees) in savanna vegetation 
strictu sensu with dystrophic yellow red latosoil (sandy tex-
ture), and density of 13 C. brasiliense trees/ha (Leite et al. 
2006). The savanna sensu strictu, a species-rich dense scrub 
of shrubs and trees, 8-10 m height, with a dense understory, is 
the more common Brazilian savanna than the grassland open 
forms (Ribeiro and Walter 1998; Durigan et al. 2002).
	 The distribution of Lepidoptera and Coleoptera defolia-
tors and their natural enemies, the percentage of defoliation, 
the number of flowers damaged by Hymenoptera, the num-
ber of fruits scraped and bored by insects, were recorded in 
four fully expanded leaves, four bunches of flower, and four 
fruits of 25 C. brasiliense trees with 4.07 ± 0.18 m (average 
± standard error) in height and crown width of 2.87 ± 0.13 
m (Leite et al. 2006). This sampling was conducted in the 
morning by direct visual observation every month (Horow-
itz 1993). Defoliation was determined visually by estimating 
the percentage of leaf area loss on a scale from 0-100% with 
increments of 5% of the total areas removed (Sastawa et al. 

2004; Mizumachi et al. 2006). Insects were collected with 
tweezers, brushes, or aspirators and preserved in vials with 
70% alcohol for identification by taxonomists. 
	 Ecological indices such as abundance of individuals, spe-
cies richness, and diversity were calculated for the species 
identified in the samplings per tree in each season. The for-
mula of Hill (Hill 1973) was used to calculate the diversity, 
and Simpson indices were used to calculate the abundance 
and richness of species (Townsend et al. 2006).
	 Given the lack of normality of the data Spearman’s cor-
relation was applied to data for phytophagous insects, their 
damage, natural enemies, flowers and fruits. Seasonal differ-
ences were tested with ANOVA with subsequent Tukey’s test, 
using transformed data (√x + 0.5). In all tests, the significant 
level was 5%. 

Results

Phytophagous insects were most abundant in winter and 
least abundant in spring and autumn (df = 72; F = 4.153; P 
= 0.009). There were more species and greatest diversity in 
the summer than in autumn (df = 72; F = 5.769; P = 0.001; 
df = 72; F = 6.422; P = 0.0006, respectively) (Table 1). Natu-
ral enemies were most abundant in spring and winter (df = 
72; F = 5.761; P = 0.001). The fewest species were present 
in the autumn and the most in winter (df = 72; F = 15.127; 
P << 0.001). Diversity in this group was lowest in the autumn 
and highest in the winter (df = 72; F = 8.848; P = 0.00004) 
(Table 1).
	 The number and percentage of bored fruits by Carmenta 
sp. (Lepidoptera: Sesiidae) (df = 72; F = 15.487; P << 0.001; 
df = 72; F = 34.982; P = 0.00003, respectively) and the num-
ber of Naupactus sp.3 (Coleoptera: Curculionidae) on the 
leaves (df = 72; F = 5.376; P = 0.002) were greatest in the 
summer (Table 2). Number and percentage of scraped fruits 
by Naupactus sp.1 and sp. 2 (df = 72; F = 13.838; P << 0.001; 
df = 72; F = 33.892; P << 0.001, respectively) were greatest 
in the spring and summer, percentage of defoliation (df = 72; 
F = 19.489; P << 0.001) was highest in the autumn, num-
ber of Apoptus sp. (Coleoptera: Elateridae) on the leaves was 
highest in the spring (df = 72; F = 4.336; P = 0.00725), and 
number of leaf miners (Lepidoptera) (df = 72; F = 8.335; P 
<< 0.001) was highest in the winter (Table 2).
	 In the case of natural enemies, Crematogaster sp. (Hy-
menoptera: Formicidae) had the highest abundance on the 
leaves (df = 72; F = 5.097; P = 0.003) and in the flowers (df 

Variables Spring Summer Autumn Winter
Natural enemies

Diversity index 5.16 ± 0.75 b 5.00 ± 0.82 b 2.74 ± 0.50 c 6.96 ± 0.76 a
No. of individuals 13.88 ± 2.93 a 6.00 ± 1.24 b 5.88 ± 2.32 b 14.20 ± 2.31 a
No. of species 2.92 ± 0.31 b 2.52 ± 0.35 b 1.68 ± 0.28 c 3.72 ± 0.33 a

Herbivorous
Diversity index 2.43 ± 0.51 ab 3.26 ± 0.51 a 1.26 ± 0.18 c 1.81 ± 0.21 bc
No. of individuals 4.32 ± 1.29 b 6.2 ± 1.31 ab 4.72 ± 0.98 b 7.16 ± 0.95 a
No. of species 1.44 ± 0.24 ab 1.88 ± 0.28 a 0.84 ± 0.11 c 1.32 ± 0.17 bc

Table 1. Hill’s diversity index, number of individuals and of species of natural enemies and herbivorous insects per tree of Caryocar brasiliense. 
Montes Claros, Minas Gerais State, Brazil. Autumn 2001 to Autumn 2004.

Means followed by the same letter (± standard error) in each row are not different by the test of Tukey (P < 0.05).
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Herbivorous data Spring Summer Autumn Winter

No. of bored fruits 0.36 ± 0.12 b 3.00 ± 0.83 a 0.00 ± 0.00 b 0.00 ± 0.00 b

No. of scraped fruits 4.00 ± 1.17 a 4.40 ± 1.30 a 0.00 ± 0.00 b 0.00 ± 0.00 b

No. of damaged flowers 0.48 ± 0.36 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.56 ± 0.27 a

% of defoliation 0.27 ± 0.06 c 0.70 ± 0.08 b 0.95 ± 0.12 a 0.72 ± 0.07 ab

% of bored fruits 3.76 ± 1.35 b 24.31 ± 3.35 a 0.00 ± 0.00 c 0.00 ± 0.00 c

% of scraped fruits 25.15 ± 2.90 a 31.94 ± 3.75 a 0.00 ± 0.00 b 0.00 ± 0.00 b

% damaged flowers 0.51 ± 0.35 a 0.00 ± 0.00 a 0.00 ± 0.00 a 2.35 ± 0.87 a

No. of Naupactus sp.1 (Col.: Curculionidae) on the fruits 0.04 ± 0.03 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a

No. of Naupactus sp.1 on the leaves 0.12 ± 0.11 a 0.08 ± 0.05 a 0.04 ± 0.03 a 0.04 ± 0.03 a

No. of Naupactus sp.2 on the fruits 0.00 ± 0.00 a 0.04 ± 0.03 a 0.00 ± 0.00 a 0.00 ± 0.00 a

No. of Naupactus sp.3 on the leaves 0.00 ± 0.00 b 0.64 ± 0.31 a 0.00 ± 0.00 b 0.00 ± 0.00 b

No. of Apoptus sp. (Col.: Elateridae) on the leaves 0.32 ± 0.11 a 0.12 ± 0.06 ab 0.00 ± 0.00 b 0.04 ± 0.03 b

No. of Rhinochenus stigma (Col.: Curculionidae) on the leaves 0.08 ± 0.05 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.08 ± 0.05 a

No. of Oxyprora. flavicornis (Orth.: Tettigoniidae) on the leaves 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.04 ± 0.03

No. of mines of Lepidoptera 3.28 ± 1.16 bc 2.16 ± 0.39 c 4.64 ± 0.98ab 6.32 ± 0.90 a

No. of Eunica bechina (Lep.: Nymphalidae) on the leaves 0.04 ± 0.03 a 0.08 ± 0.05 a 0.00 ± 0.00 a 0.08 ± 0.05 a

No. of Ctenuchiidae (Lep.) on the leaves 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.08 ± 0.05 a

No. of Oecophoridae (Lep.) on the leaves 0.00 ± 0.00 a 0.00 ± 0.00 a 0.04 ± 0.03 a 0.04 ± 0.03 a

No. of Arctiidae (Lep.) on the leaves 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.04 ± 0.03 a

No. of Camaria sp. (Col.: Tenebrionidae) on the leaves 0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.04 ± 0.03 a

No. of Oedionychus sp. (Col.: Alticidae) on the leaves 0.00 ± 0.00 a 0.04 ± 0.03 a 0.00 ± 0.00 a 0.00 ± 0.00 a

No. of Diabrotica speciosa (Col.: Chrysomelidae) on the leaves 0.04 ± 0.03 a 0.04 ± 0.03 a 0.00 ± 0.00 a 0.00 ± 0.00 a

No. of Trigona spinipes (Hym.: Apidae) in the flowers 0.04 ± 0.03 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.36 ± 0.35 a

Table 2. Number of herbivorous insects and their damage per tree of Caryocar brasiliense. Montes Claros, Minas Gerais State, Brazil. Autumn 2001 
to Autumn 2004. 

Means followed by the same letter (± standard error) in each row are not different by the test of Tukey (P < 0.05).

= 72; F = 7.594; P = 0.0001) in the winter and spring, while it 
was on the fruits (df = 72; F = 5.697; P = 0.001) in the spring. 
The number of Zelus armillatus (Lep. and Servi, 1825) (He-
miptera: Reduviidae) (df = 72; F = 6.008; P = 0.001); Holo-
pothrips sp. (Thysanoptera: Phlaeothripidae) (df = 72; F = 
3.308; P = 0.02), and spiders such as Cheiracanthium inclu-
sum (Hentz, 1847) (Miturgidae), Peucetia rubrolineata (Key-
serling, 1877) (Oxyopidae), Anelosimus sp., Achaearanea 
hirta (Taczanowski, 1873) (Theridiidae), Gastromicans al-
bopilosa (Simon, 1903), Chira bicirculigera (Soares and Ca-
margo, 1948), Rudra humilis (Mello-Leitão, 1945), Thiodina 
melanogaster (Mello-Leitão, 1917) and Lyssomanes pauper 
(Galiano, 1945) (Salticidae), Dictyna sp. and sp.1 (Dictyni-
dae); Tmarus sp. and sp.1 (Thomisidae), Argiope argentata 
(F, 1775), Gasteracantha cancriformes (L., 1758), Argiope 
sp., Parawixia sp. and sp.1 (Araneidae), and Anyphaenidae 
(df = 72; F = 6.460; P = 0.0006) were highest on the leaves 
in the winter; and Trybonia intermedius (Bagnall, 1910) and 
Trybonia mendesi (Moulton, 1933) (Thysanoptera: Phlaeo-
thripidae) (df = 72; F = 2.853; P = 0.043) on the leaves in the 
autumn (Table 3). 
	 Eunica bechina (Talbot, 1852) (Lepidoptera: Nymphali-
dae) (df = 72; r = 0.28; P = 0.04) and Naupactus sp.1+3 (r = 
0.30; P = 0.03) showed a positive correlation with percentage 
of defoliation; Carmenta sp. showed a positive correlation 
with fruits bored (r = 1.00; P << 0.001) and Naupactus sp.2 
with fruits scraped (r = 0.40; P = 0.007). Trigona spinipes (F., 

1793) (Hymenoptera: Apidae) showed a positive correlation 
with damaged flowers (r = 0.80; P << 0.001).
	 The ants Crematogaster sp. and Pseudomyrmex termi-
tarius (Smith, 1855) showed a positive correlation with 
flowers (r = 0.63; P = 0.0009), fruits bored by Carmenta 
sp. (r = 0.88; P = 0.0001) and those scraped by Naupactus 
sp.2 (r = 0.59; P = 0.02). The percentage of defoliation had 
a negative correlation with Crematogaster sp. (r = -0.40; P = 
0.008); P. termitarius (r = -0.44; P = 0.004), Holopothrips 
sp. (r = -0.16; P = 0.047), Z. armillatus (r = -0.28; P = 
0.024), spiders (r = -0.73; P = 0.003), and with the flower 
formation of C. brasiliense (r = -0.53; P = 0.0007). Lepidop-
tera leaf miners had a negative correlation with Z. armillatus 
(r = -0.27; P = 0.002), a barely significant relation with P. 
termitarius (r = -0.27; P = 0.05) and a significant relation with 
spiders (r = -0.62; P = 0.01). Lepidoptera + Coleoptera had no 
correlation with P. termitarius (r = -25; P = 0.06).

Discussion

The higher abundance of phytophagous insects and their nat-
ural enemies in the winter is probably determined by the re-
duction in the number of C. brasiliense leaves available due 
to their gradual loss during the dry period and by the end of 
this season (Leite et al. 2006), which results in a concentra-
tion of insects per leaf. The largest species richness and di-
versity of the natural enemies in the winter probably indicate 
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that their population depends on their prey and follows those 
of the phytophagous insects (Oberg et al. 2008; Venturino et 
al. 2008). In contrast, the higher species richness and diver-
sity of phytophagous insects in the spring/summer indicated 
that these insects can be limited by the quality of available 
food i.e. autumn. For instance, the higher abundance of flow-
ers and fruits on C. brasiliense during this season (Leite et 
al. 2006) can favor an increase in the diversity of chewing 
insects (Peeters 2002; Coley et al. 2006; Kursar et al. 2006) 
reducing the dominance of one or more species i.e. greater 
equitability. 
	 Caryocar brasiliense loses its leaves in August/September 
with new ones in September (Leite et al. 2006). The ants Cre-
matogaster sp. and P. termitarius were more abundant during 
the formation of new leaves and flowers at end of the winter, 
probably due to the nectaries of leaves and flowers (Oliveira 
1997; Orivel and Dejean 2002; Oliveira and Freitas 2004). In 
addition, these ants visited fruits bored by Carmenta sp. and 
scraped by Naupactus sp.2, perhaps due to the presence of 
sugary secretions of damaged C. brasiliense fruits. Cremato-
gaster ants may hinder Lepidoptera and Coleoptera coloniz-
ing alive trees, except for leaf miners, as observed for larvae 
of Hallonympha paucipuncta (Spitz, 1930) (Lepidoptera: 
Riodinidae), an endemic butterfly of the Brazilian savanna. 
Spatial distribution of larvae and tending ants were strongly 
aggregated, suggesting an influence of ants on oviposition or 
larval survival (Kaminski 2008; Sendoya et al. 2009).
	 Herbivorous Lepidoptera and Coleoptera appear to be 
negatively affected by the presence of the ants P. termitarius, 
and other predators such as Holopothrips sp., Z. armillatus 
as well as spiders, reducing defoliation. Mobile predators 
could respond to a local increase in vegetation complexity 

and the presence of an alternative prey and effectively sup-
press herbivores (Auslander et al. 2003). Ants can reduce E. 
bechina infestations as well as Edessa rufomarginata (De 
Geer, 1773) (Hemiptera: Pentatomidae), Prodiplosis floricola 
(Felt, 1908) (Diptera: Cecidomyiidae) and petiole gall insects 
on C. brasiliense (Hymenoptera: Chalcidoidea) (Freitas and 
Oliveira 1996; Oliveira 1997). 
	 The association between ants and extrafloral nectaries 
may be responsible for the reduction of damage by chewing 
insects on the reproductive parts of C. brasiliense plants as 
observed for Crotalaria pallida (Leguminosae) (Guimarães 
et al. 2006). Species of Holopothrips sp. scratch leaves (Ca-
valleri and Kaminski 2007), create galls (Cabrera and Segar-
ra 2008), or are predators (Almeida et al. 2006) as are the 
spiders, and bugs of the genus Zelus spp. and those of the 
subfamily Asopinae (Molina-Rugama et al. 1998). These 
predators are important in different ecosystems (Landis et al. 
2000; Almeida et al. 2006; Mizzel 2007; Oberg et al. 2008; 
Venturino et al. 2008).
	 The chewing insects started damaging C. brasiliense trees 
in October at the beginning of the rainy season when there 
were lower populations of ants. The damage by wood borers 
and fruit scrapers was higher in the spring and in the summer 
(October-March) during the period of fruit formation (Leite 
et al. 2006). The formation of flowers of C. brasiliense be-
fore the period of higher abundance of chewing insects may 
reduce the probability of damage by the latter, suggesting 
phenological escape mechanism of the plants by defoliators 
(Sloan et al. 2007). Higher ant visitation to extrafloral nectar-
ies can favor the production of flowers or fruits of this plant 
and reduce damage to C. brasiliense trees by T. spinipes. 
Sprouting of leaves and flower development before the rainy 

Natural enemies data Spring Summer Autumn Winter

No. of Crematogaster sp. (Hym.: Formicidae)
on the leaves

3.48 ± 1.04 a 1.32 ± 0.26 b 1.12 ± 0.28 b 3.44 ± 0.75 a

No. of Crematogaster sp. in the flowers 4.80 ± 1.83 a 0.00 ± 0.00 b 0.00 ± 0.00 b 3.56 ± 1.35 a

No. of Crematogaster sp. on the fruits 2.60 ± 1.41 a 0.76 ± 0.48 ab 0.00 ± 0.00 b 0.00 ± 0.00 b

No. of Pseudomyrmex termitarius
(Hym.: Formicidae) on the leaves

0.24 ± 0.08 a 0.16 ± 0.07 a 0.12 ± 0.06 a 0.20 ± 0.10 a

No. of P. termitarius on the fruits 0.00 ± 0.00 a 0.04 ± 0.03 a 0.00 ± 0.00 a 0.00 ± 0.00 a

No. of spiders on the leaves 0.28 ± 0.09 b 0.52 ± 0.17 b 0.24 ± 0.10 b 1.28 ± 0.32 a

No. of spiders in the flowers 0.04 ± 0.03 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.08 ± 0.07 a

No. of Zelus armillatus (Hem.: Reduviidae)
on the leaves

1.36 ± 0.68 ab 0.32 ± 0.14 b 0.28 ± 0.20 b 2.64 ± 1.18 a

No. of Epipolops sp. (Hem.: Geocoridae)
on the leaves

0.04 ± 0.03 a 0.28 ± 0.14 a 0.32 ± 0.11 a 0.20 ± 0.08 a

No. of  (Col.: Coccinellidae)
on the leaves

0.08 ± 0.05 a 0.04 ± 0.03 a 0.00 ± 0.00 a 0.48 ± 0.33 a

No. of Chrysoperla sp. (Neu.: Chrysopidae)
the leaves

0.68 ± 0.38 a 1.32 ± 0.71 a 0.08 ± 0.05 a 0.28 ± 0.21 a

No. of Calosoma sp. (Col.: Carabidae) on the leaves 0.00 ± 0.00 a 0.00 ± 0.00 a 0.08 ± 0.07 a 0.00 ± 0.00 a

No. of Holopothrips sp. (Thy.: Phlaeothripidae)
on the leaves

0.20 ± 0.10 b 0.28 ± 0.10 ab 0.08 ± 0.05 b 0.56 ± 0.16 a

No. of Trybonia. intermedius + T. mendesi
(Thy.: Phlaeothripidae) on the leaves

0.08 ± 0.05 b 0.96 ± 0.32 ab 3.56 ± 2.08 a 1.48 ± 0.56 ab

Table 3. Number of natural enemies on the leaves, flowers, and fruits per tree of Caryocar brasiliense. Montes Claros, Minas Gerais State, Brazil. 
Autumn 2001 to Autumn 2004.

Means followed by the same letter (± standard error) in each row are not different by the test of Tukey (P < 0.05).
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period is common in perennial plants of the Brazilian savanna 
(Almeida et al. 1998; Felfini et al. 1999; Pedroni et al. 2002; 
Almeida et al. 2006; Leite et al. 2006). This allows plants to 
increase photosynthetic area when the efficiency of preda-
tion by insects is lower. In addition, there is no heavy rain 
during this period, and the low quantity of leaves facilitates 
the ability of pollinators to find C. brasiliense flowers such 
as observed for Felfini et al. (1999) with Stryphnodendron 
adstringens (Mart.) Coville (Fabaceae). 

Acknowledgements

To Drs. Antônio Domingos Brescovit (Instituto Butantã) 
(Aracnidae), Ayr de Moura Bello (Coleoptera), Ivan Cardoso 
Nascimento (EMBRAPA-ILHÉUS-Centro de Pesquisas do 
Cacau, CEPLAC, Itabuna, BA) (Formicidae), Paulo Sérgio 
Fiuza Ferreira (Hemiptera) (UFV) and Renata C. Monteiro 
(Thysanoptera) for the identification of the specimens. To 
Mr. Célio Barbosa, Oscar Madureira da Silva and Fabrício 
Maurílio Ruas for supplying climate data. To the Brazilian 
agencies “Conselho Nacional de Desenvolvimento Científico 
e Tecnológico (CNPq)”, “Fundação de Amparo à Pesquisa 
do Estado de Minas Gerais (FAPEMIG)” and “Secretaria de 
Ciência e Tecnologia do Estado de Minas Gerais”. This man-
uscript has been edited by Asia Science Editing.

Literature cited 

AGUIAR, L. M. S.; CAMARGO, A. J. A. 2004. Cerrado: Ecologia 
e caracterização. Planaltina, EMBRAPA – CPAC. 19-42.

ALMEIDA, S. P.; PROENÇA, C. E. B.; SANO, S. M.; RIBEIRO, 
J. F. 1998. Cerrado: Espécies vegetais úteis. Planaltina, EM-
BRAPA – CPAC.

ALMEIDA, C. I. M.; LEITE, G. L. D.; ROCHA, S. L.; MACHA-
DO, M. M. L.; MALDONADO, W. C. H. 2006. Fenologia e ar-
trópodes de Copaifera langsdorfii no cerrado. Revista Brasileira 
de Plantas Medicinais 8 (2): 64-70. 

ARAÚJO, F. D. 1995. A review of Caryocar brasiliense (Caryo-
caraceae) – an economically valuable species of the central Bra-
zilian cerrados. Economic Botany 9 (1): 40-48. 

AUSLANDER, M.; NEVO, E.; INBAR, M. 2003. The effects of 
slope orientation on plant growth, developmental instability and 
susceptibility to herbivores. Journal of Arid Environments 55 
(3): 405-416.

BOIÇA, J. R.; ARLINDO, L.; TEREZINHA, S. M.; PASSILON-
GO, J. 2004. Trigona spinipes (Fabr.) (Hymenoptera: Apidae) 
in passion fruit species: seasonal fluctuation, visitation time and 
flower damage. Neotropical Entomology 33 (2): 135-139.

BRANDÃO, M.; GAVILANES, M. L. 1992. Espécies padronizado-
ras do cerrado mineiro e sua distribuição no estado. Informativo 
Agropecuário 16 (173): 5-11.

BRIDGEWATER, S.; RATTER, J. A.; RIBEIRO, J. F. 2004. Bio-
geographic patterns, β-diversity and dominance in the cerrado 
biome of Brazil. Biodiversity Conservation 13 (12): 2295-2318.

CABRERA, I.; SEGARRA, A. 2008. A new gall-inducing species 
of Holopothrips (Thysanoptera: Phlaeothripinae) from tabebuia 
trumpet trees in the Caribbean region. Florida Entomologist 91 
(2): 232-236.

CAVALLERI, A.; KAMINSKI, L. A. 2007. A new Holopothrips 
species (Thysanoptera: Phlaeothripidae) damaging Mollinedia 
(Monimiaceae) leaves in Southern Brazil. Zootaxa 1625: 61-68.

COLEY, P. D.; BATEMAN, M. L.; KURSAR, T. A. 2006. The ef-
fects of plant quality on caterpillar growth and defense against 
natural enemies. Oikos 115 (2): 219-228.

DA SILVA, J. M. C.; BATES, J. M.. 2002. Biogeographic Patterns 
and Conservation in the South American Cerrado: A Tropica 
Savanna Hotspot. DURIGAN, G.; NISHIKAWA, D. L. L.; RO-

CHA, E.; SILVEIRA, E. R.; PULITANO, F. M.; REGALODO, 
L. B.; CARVALHAES, M. A.; PARANAGUÁ, P. A.; RANIERI, 
V. E. L. 2002. Caracterização de dois estratos da vegetação pau-
lista em uma área de cerrado no município de Brotas, SP Brasil. 
Acta Botanica Brasileira 16 (3): 251-262. 

FELFINI, J. M.; JUNIOR, M. C. S.; DIAS, B. J.; REZENDE, A. 
V. 1999. Estudo fenológico de Stryphnodendron adstringens 
(Mart.) Coville no cerrado sensu stricto da Fazenda Água Limpa 
no Distrito Federal, Brasil. Revista Brasileira de Botânica 22 
(1): 83-90.

FERREIRA, L. C.; JUNQUEIRA, R. G. 2007. Microbiological 
evaluation of pequi (Caryocar brasiliense Camb.) preserves 
made from a typical Brazilian fruit. World Journal of Microbiol-
ogy and Biotechnology 23 (8): 1179-1181.

FREITAS, A. V. L.; OLIVEIRA, P. S. 1996. Ants as selective agents 
on herbivore biology: Effects on behaviour of a non-myrme-
cophilous butterfly. Journal of Animal Ecology 65 (2): 205-210.

GARCIA, C. C.; FRANCO, B. I. P. M.; ZUPPA, T. O.; ANTONIOSI 
FILHO, N. R.; LELES, M. I. G. 2007. Thermal Stability Studies 
of Some Cerrado Plant Oils. Journal of Thermal. Analysis and 
Calorimetry 87 (3): 645-648.

GUIMARÃES JR, P. R.; RAIMUNDO, R. L. G.; BOTTCHER, C.; 
SILVA, R. R.; TRIGO, J. R. 2006. Extrafloral nectaries as a de-
terrent mechanism against seed predators in the chemically pro-
tected weed Crotalaria pallida (Leguminosae). Austral Ecology 
31: 776-782.

HILL, M. O. 1973. Diversity and evenness: a unifying notation and 
its consequences. Ecology 54 (2): 427-432.

HOROWITZ, A. R. 1993. Control strategy for the sweetpotato 
whitefly, Bemisia tabaci, late in the cotton-growing season. 
Phytoparasitica 21 (4): 281-291.

KAMINSKI, L. A. 2008. Polyphagy and obligate myrmecophily 
in the butterfly Hallonympha paucipuncta (Lepidoptera : Rio-
dinidae) in the neotropical Cerrado Savanna. Biotropica 40 (3): 
390-394.

KHOURI, J.; RESCK, I. S.; POÇAS-FONSECA, M.; SOUSA, T. 
M. M.; PEREIRA, L. O.; OLIVEIRA, A. B. B.; GRISOLIA, 
C. K. 2007. Anticlastogenic potential and antioxidant effects 
of an aqueous extract of pulp from the pequi tree (Caryocar 
brasiliense Camb). Genetics and Molecular Biology 30 (2): 
442-448.

KURSAR, T. A.; WOLFE, B. T.; EPPS, M. J.; COLEY, P. D. 2006. 
Food quality, competition, and parasitism influence feeding 
preference in a neotropical Lepidopteran. Ecology 87 (12): 
3058-3069.

LANDIS, D.; WRATTEN, S. D.; GURR, G. M. 2000. Habitat man-
agement to conserve natural enemies of arthropod pests in agri-
culture. Annual Review of Entomology 45: 175-201. 

LEITE, G. L. D.; VELOSO, R. V. S; ZANUNCIO, J. C.; FER-
NANDES, L. A.; ALMEIDA, C. I. M. 2006. Phenology of 
Caryocar brasiliense in the Brazilian Cerrado Region. Forest 
Ecology and Management 236 (2-3): 286-294.

LEITE G. L. D.; VELOSO, R. V. S.; CASTRO, A. C. R.; LOPES, 
P. S. N.; FERNANDES, G. W. 2007. Efeito do AIB sobre a 
qualidade e fitossanidade dos alporques de Caryocar brasiliense 
Camb. (Caryocaraceae). Revista Árvore 31 (2): 315-320.

LEITE, G. L. D.; VELOSO, R. V. S.; SILVA, F. W. S.; GUANA-
BENS, R. E. M.; FERNANDES, G. W. 2009. Within tree dis-
tribution of a gall-inducing Eurytoma (Hymenoptera, Eurytomi-
dae) on Caryocar brasiliense (Caryocaraceae). Revista Brasilei-
ra de Entomologia 53 (4): 643-648.

LEITE, G. L. D.; VELOSO, R. V. S.; ZANUNCIO, J. C.; ALVES, 
S. M.; AMORIM, C. A. D.; SOUZA, O. F. F. 2011a. Factors 
affecting Constrictotermes cyphergaster (Isoptera: Termitidae) 
nesting on Caryocar brasiliense trees in the Brazilian savanna. 
Sociobiology 57 (1): 165-180.

LEITE, G. L. D.; ALVES, S. M.; NASCIMENTO, A. F. N.; LOPES, 
P. S. N.; FERREIRA, P. S. F.; ZANUNCIO, J. C.. 2011b. Identi-
fication of the wood borer and the factors affecting its attack on 

Germano Leão Demolin Leite y cols.Revista Colombiana de Entomología



113

Caryocar brasiliense trees in the Brazilian Savanna. Acta Scien-
tiarum. Agronomy 33 (4): 589-566.

LOPES, P. S. N.; SOUZA, J. C.; REIS, P. R.; OLIVEIRA, J. M.; 
ROCHA, I. D. P. 2003. Caracterização do ataque da broca dos 
frutos do pequizeiro. Revista Brasileira de Fruticultura 25 (3): 
540-543.

MIZELL, R. F. 2007. Impact of Harmonia axyridis (Coleoptera: 
Coccinellidae) on native arthropod predators in pecan and crape 
myrtle. Florida Entomologist 90 (3): 524-536.

MIZUMACHI, E.; MORI, A.; OSAWA, N.; AKIYAMA, R.; TOKU-
CHI, N. 2006. Shoot development and extension of Quercus 
serrata saplings in response to insect damage and nutrient con-
ditions. Annals of Botany 98 (1): 219-226.

MOLINA-RUGAMA, A. J.; ZANUNCIO, J. C.; ZANUNCIO, T. 
V.; OLIVEIRA, M. L. R. 1998. Reproductive strategy of Podi-
sus rostralis (Stal) (Heteroptera: Pentatomidae) females under 
different feeding intervals. Biocontrol Science and Technology 
8 (4): 583-588.

OBERG, S.; MAYR, S.; DAUBER, J. 2008. Landscape effects on 
recolonisation patterns of spiders in arable fields. Agriculture, 
Ecosystems and Environment 123: 211-218.

OLIVEIRA, P. S. 1997. The ecological function of extrafloral nec-
taries: herbivore deterrence by visiting ants and reproductive 
output in Caryocar brasiliense (Caryocaraceae). Functional 
Ecology 11 (3): 323-330.

OLIVEIRA, P. S.; FREITAS, A. V. L. 2004. Ant–plant–herbivore 
interactions in the neotropical cerrado savanna. Naturwissen-
schaften 91 (12): 557-570.

ORIVEL, J.; DEJEAN, A. 2002. Ant activity rhythms in a pioneer 
vegetal formation of French Guiana (Hymenoptera: Formici-
dae). Sociobiology 39: 65-76.

PEDRONI, F.; SANCHEZ, M.; SANTOS, F. A. M. 2002. Fenologia 
da copaíba (Copaifera langsdorffii Desf. - Leguminosae, Cae-
salpinioideae) em uma floresta semidecídua no sudeste do Bra-
sil. Revista Brasileira de Botanica 25 (2): 183-194.

PEETERS, P. J. 2002. Correlations between leaf constituent levels 
and the densities of herbivorous insect guilds in an Australian 
forest. Austral Ecology 27 (6): 658-671.

PINHEIRO, F.; DINIZ, I. R.; COELHO, D.; BANDEIRA, M. P. S. 
2002. Seasonal pattern of insect abundance in the Brazilian cer-
rado. Austral Ecology 27 (2): 132-136.

RIBEIRO, J. F.; WALTER, B. M. T. 1998. Fitofisionomias do 
Bioma Cerrado. In Cerrado: Ambiente e Flora. Planaltina, EM-
PRAPA - CPAC.

SASTAWA, B. M.; LAWAN, M.; MAINA, Y. T.. 2004. Manage-
ment of insect pests of soybean: effects of sowing date and in-
tercropping on damage and grain yield in the Nigerian Sudan 
savanna. Crop Protection 23 (2): 155-161.

SEGALL, S. D.; ARTZ, W. E.; RASLAN, D. S.; FERRAZ, V. P.; 
TAKAHASHI, J. A. 2005. Triacylglycerol analysis of pequi 
(Caryocar brasiliensis Camb.) oil by electrospray and tandem 
mass spectrometry. Journal of the Science of Food and Agricul-
ture 86 (3): 445-452.

SENDOYA, S. F.; FREITAS, A. V. L.; OLIVEIRA, P. S. 2009. 
Egg-laying butterflies distinguish predaceous ants by sight. The 
American Naturalist 174 (1): 134-140.

SLOAN, S. A.; ZIMMERMAN, J. K.; SABAT, A. M. 2007. Phenol-
ogy of Plumeria alba and its herbivores in a tropical dry forest. 
Biotropica 39 (2): 195–201.

TOWNSEND, C. R.; BEGON, M.; HARPER, J. L. 2006. Funda-
mentos em ecologia. Porto Alegre, Artmed. 592 p.

VENTURINO, E.; ISAIA, M.; BONA, F.; CHATTERJEE, S.; 
BADINO, G. 2008. Biological controls of intensive agroeco-
systems: Wanderer spiders in the Langa astigiana. Ecological 
Complexity 5 (2): 157-164.

VIANELLO, R. F.; ALVES, A. R. 2000. Meteorologia básica e apli-
cações. Viçosa, UFV.

ZANETTI, R.; ZANUNCIO, J. C.; VILELA, E. F.; LEITE, H. G.; 
JAFFÉ, K.; OLIVEIRA, A. C. 2003. Level of economic damage 
for leaf-cutting ants in Eucalyptus plantations in Brazil. Socio-
biology 42 (2): 433-442. 

ZANUNCIO, J. C.; LOPES, E. F.; ZANETTI, R.; PRATISSOLI, D.; 
COUTO, L. 2002. Spatial distribution of nests of the leaf cut-
ting ant Atta sexdens rubropilosa (Hymenoptera: Formicidae) 
in plantations of Eucalyptus urophylla in Brazil. Sociobiology 
39 (2): 231-242. 

ZANUNCIO, J. C.; ZANUNCIO, T. V.; FREITAS, F. A.; PRATIS-
SOLI, D. 2003. Population density of Lepidoptera in a planta-
tion of Eucalyptus urophylla in the State of Minas Gerais, Bra-
zil. Animal Biology 53: 17-26. 

Received: 20-mar-2011 • Accepted: 17-feb-2012

Insects on Caryocar brasiliense in savanna




